Increasing and More Commonly
Refractory Mycobacterium
avium Pulmonary Disease,
Toronto, Ontario, Canada
Daan Raats,1 Sarah K. Brode, Mahtab Mehrabi, Theodore K. Marras

In mid-2014, Public Health Ontario Laboratories identified coincident increasing Mycobacterium avium isolation and falling M. xenopi isolation in the Toronto,
Ontario, Canada, area. We performed a retrospective
cohort of all patients in a Toronto clinic who began
treatment for either M. avium or M. xenopi pulmonary
disease during 2009–2012 (early period) or 2015–2018
(late period), studying their relative proportions and
sputum culture conversion. We conducted a subgroup
analysis among patients who lived in the Toronto-York
region. The proportion of patients with M. avium was
higher in the late period (138/146 [94.5%] vs. 82/106
[77.4%]; p<0.001). Among M. avium patients, conversion was lower in the late period (26.1% vs. 39.0%; p
= 0.05). The increase in the proportion of patients with
M. avium pulmonary disease and the reduction in the
frequency of sputum culture conversion is unexplained
but could suggest an increase in environmental M.
avium exposure.

P

ulmonary infection with nontuberculous mycobacteria (NTM) is a chronic, often progressive,
debilitating disease. Most published data show that
the frequency of NTM pulmonary disease (NTMPD) is increasing worldwide (1–6), as are its substantial medical costs (7,8). The cause of this rise has
not yet been elucidated. NTM are widespread in the
environment but disease is uncommon, suggesting
that host susceptibility is critical, although exposure
magnitude is also likely key (9–11). Some observations indicate that the Mycobacterium avium complex
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(MAC) might be a main driver for the increased occurrence of NTM-PD (2,5,12).
In Ontario, Canada, a rising prevalence of NTMPD has been demonstrated previously, and, in the
most recent years that have been studied, that increase was driven largely by an increase in MAC (2).
More recently, in the spring of 2014, the Public Health
Ontario Laboratory (PHOL) observed a sustained
increase of >50% in the total number of M. avium
isolates from pulmonary samples and persons with
positive cultures for M. avium (13). A coincident reduction in M. xenopi isolates occurred without change
in other NTM species. Curiously, this occurrence was
only observed in the city of Toronto and the region
immediately north (Regional Municipality of York),
located between Lake Ontario and Lake Simcoe,
which together encompass an area of 2,392 km2 and
had ≈4.1 million inhabitants as of 2018. In Ontario, at
least 95% of NTM isolates are identified at the PHOL
(14), permitting population-based study. Laboratory
techniques at PHOL did not change at the time of increased isolation. Although the sudden increase in
isolation frequency could suggest increased environmental exposure, the reason remains unclear.
Whether and how those changes relate to treatment outcomes of patients with NTM-PD caused
by M. avium and M. xenopi has not been evaluated.
In recent years, we observed that patients with M.
avium pulmonary disease (Mav-PD) more often had
microbiologically refractory disease and that we
were encountering fewer patients with M. xenopi
pulmonary disease (Mx-PD). On the basis of those
observations, we studied relative proportions,
culture conversion, culture reversion, and clinical
treatment success of patients with Mav-PD and
Mx-PD before and after 2014.
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Methods
We designed this retrospective cohort study to compare patients with Mav-PD and Mx-PD treated before
and after 2014. All patients assessed at the Toronto
Western Hospital outpatient NTM clinic during July
1, 2003–December 31, 2019, were evaluated for eligibility. The NTM clinic is a tertiary care clinic, usually
seeing patients after referral from infectious disease
or pulmonary specialists. To be eligible for the study,
patients were required to meet the American Thoracic Society/Infectious Diseases Society of America
criteria for Mav-PD or Mx-PD (15) and to have begun treatment for NTM-PD during January 1, 2009–
December 31, 2012, or January 1, 2015–December 31,
2018. These 4-year periods were selected to fall before
and after the local surge in M. avium isolation and to
permit adequate treatment follow-up among all patients in the early period, before the increase in M.
avium isolation occurred. To be eligible, patients also
were required to have been treated for >6 months
with >2 antimycobacterial drugs (significant treatment). Patients with non–M. avium MAC species or
those with confirmed macrolide resistance were excluded. Patients with multiple NTM species meeting the microbiologic criterion (15) over their clinical
course were included, as long as they did not meet
the criteria for both Mav-PD and Mx-PD at the start of
their treatment. Patients previously treated for NTMPD with a start date outside of the specified periods
were also included, but a 6-month treatment-free interval was required for inclusion. Patients included in
the first period were excluded from the second. The
study was approved by the University Health Network Research Ethics Board; the need for informed
consent was waived.
We collected demographic, clinical, microbiologic, and radiologic data until the first-occurring
event of death, loss to follow up, or end of follow-up
period. Patients started on treatment during 2009–
2012 (early period) were followed until December
31, 2013. Patients started on treatment during 2015–
2018 (late period) were followed until December 31,
2019. Follow-up time was measured from treatment
initiation to death, loss to follow up, or follow-up
end date. Treatment initiation and regimen were
decided by the attending physician on the basis of
contemporary guidelines.
Baseline clinical characteristics were age, sex,
smoking history, comorbidities, body mass index,
pulmonary function, corticosteroid use, current or recent chemotherapy, housing, and previous treatment
for NTM-PD. Baseline data consisted of recorded
observations preceding and closest available to the
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start of treatment. Significant oral corticosteroid use
was use of >7.5 mg prednisone (or equivalent) daily,
for >30 days, within the 180 days before the baseline
visit (16). The predominant radiologic pattern was
nodular-bronchiectatic, fibrocavitary, or other, on the
basis of computed tomography (CT) results obtained
closest to treatment start (17). Antibiotics were listed
only if prescribed for >3 months for oral or inhaled
antibiotics, and only if prescribed for >1 month for intravenous antibiotics, to exclude antibiotics given for
concurrent infections or discontinued early because
of intolerance.
We assessed treatment outcomes by bacterial
species (M. avium or M. xenopi), comparing patients
who started NTM-PD treatment in the early period
to those who started in the late period. Culture conversion within 12 months was the primary outcome,
defined as >3 consecutive negative mycobacterial
cultures collected >4 weeks apart (18). We considered the date of the first negative sample to be the
date of culture conversion. We assessed the difference in culture conversion rate within and outside of
the Toronto-York region in predefined subgroups on
the basis of patients’ residential postal codes. Culture
reversion was defined as reappearance of the causative species in >2 samples in a patient still receiving treatment who had previously achieved culture
conversion. Radiologic evolution was graded as improvement, stability, or progression on the basis of
the radiologist’s interpretation and was subsequently
used to determine clinical treatment success. We considered patients with symptomatic improvement and
at least radiologic stability or patients with radiologic
improvement and at least symptomatic stability as
demonstrating clinical treatment success. We evaluated that status on the basis of first available data 12
months after treatment initiation. For patients whose
treatment was interrupted or incomplete, we used the
last available data, but only if they were recorded after >6 months of treatment.
Continuous data were tested for normality
through visual inspection and the Shapiro-Wilk
test. Most continuous data were not normally distributed, and so we presented all data as medians
with interquartile ranges (IQRs) for uniformity. We
tested differences between groups by using Fisher
exact tests or Mann-Whitney U tests as appropriate and used χ2 tests for larger contingency tables.
We excluded missing baseline data from respective
analyses. We regarded patients with missing data
for one of the outcomes as if they had not reached
the respective outcome, so that if any bias would be
introduced by including these outcomes, it would
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be bias toward the null. We performed all statistical analyses using GraphPad Prism version 8.4
(https://www.graphpad.com).
Results
During the study period, 984 patients were assessed
in the NTM clinic; MAC or M. xenopi were isolated in
880 patients at some point. Significant NTM-PD treatment was started in the specified periods in 301 patients. We excluded 6 patients for not meeting American Thoracic Society/Infectious Diseases Society of
America criteria (15), 36 patients for having non–M.
avium MAC-PD, 1 patient for potentially having both
Mav-PD and Mx-PD, 5 patients because of macrolide
resistance, and 1 patient in whom outcomes could not
be assessed. A total of 252 patients were eligible.

Among eligible patients, the relative proportion
with Mav-PD was higher in the late period (138/146
patients [94.5%]) than in the early period (82/106 patients [77.4%]; p<0.001). The proportion excluded for
non–M. avium MAC-PD remained constant over both
periods (data not shown).
We compared the general and NTM disease
characteristics of the eligible patients (Tables 1, 2).
Among patients with Mav-PD, comorbidities, lung
function, and CT pattern were similar between periods. Inhaled corticosteroids were used more often
in the early period than the late period (47.6% of patients vs. 26.2%), but this difference was not statistically significant (p = 0.12). Patients in the early period
were less likely to have had a positive smear for acidfast bacilli (64.6% vs. 81.2%; p = 0.01). Patients with

Table 1. Baseline characteristics of patients with Mycobacterium avium and M. xenopi pulmonary disease, Toronto, Ontario, Canada*
Mycobacterium avium
Mycobacterium xenopi
Early period,
Late period,
Early period,
Late period,
Characteristic
n = 82
n = 138
p value
n = 24
n=8
p value
Median age, y (IQR)
66.3 (59.5–72.7) 68.8 (59.1–76.0)
0.16
57.4 (47.4–72.5)
61.7 (58.2–68.5)
0.51
Sex
F
54 (65.9)
82 (59.4)
0.39
14 (58.3)
5 (62.5)
Referent
M
28 (34.1)
56 (40.6)
10 (41.7)
3 (37.5)
Race
White
57 (69.5)
95 (68.8)
Referent†
20 (83.3)
8 (100)
0.55†
East Asian
22 (26.8)
28 (20.3)
3 (12.5)
0
South Asian
2 (2.4)
12 (8.7)
1 (4.2)
0
Black
1 (1.2)
3 (2.2)
0
0
Smoking history
Never
46 (56.1)
72 (52.2)
0.56†
8 (33.3)
1 (12.5)
0.39†
Prior
26 (31.7)
53 (38.4)
12 (50.0)
3 (37.5)
Current
10 (12.2)
13 (9.4)
4 (16.7)
4 (50.0)
Median BMI, kg/m2 (IQR)
21.1 (18.5–23.2) 21.4 (19.1–24.3)
0.40
21.3 (19.4–24.3)
21.5 (20.7–25.2)
0.35
% Predicted FEV1 (IQR)
64.0 (46.5–75.0) 64.0 (46.3–79.8)
0.88
64.0 (45.5–75.5)
80.5 (43.0–95.0)
0.32
% Predicted FVC (IQR)
80.0 (64.8–93.0) 78.0 (65.3–94.0)
0.98
83.0 (68.0–91.0) 101.0 (87.3–109.0)
0.03
Comorbidities
COPD
22 (26.8)
46 (33.3)
0.37
12 (50.0)
4 (50.0)
Referent
Asthma
13 (15.9)
18 (13.0)
0.56
5 (20.8)
3 (37.5)
0.38
Interstitial lung disease
2 (2.4)
6 (4.4)
0.71
0
0
NA
Previous tuberculosis
9 (11.0)
11 (8.0)
0.47
3 (12.5)
0
0.55
Cystic fibrosis or PCD
1 (1.2)
3 (2.2)
Referent
0
0
NA
Previous chest
5 (6.1)
14 (10.1)
0.33
4 (16.7)
0
0.55
radiotherapy
Autoimmune disease
14 (17.1)
24 (17.4)
Referent
0
0
NA
GERD
16 (19.5)
38 (27.5)
0.20
6 (25.0)
2 (25.0)
Referent
Aspiration
5 (6.1)
8 (5.8)
Referent
2 (8.3)
0
Referent
Medication use
Inhaled corticosteroids
39 (47.6)
50 (26.2)
0.12
12 (50.0)
4 (50.0)
Referent
Oral corticosteroids
4 (4.9)
9 (6.5)
0.77
0
1 (12.5)
0.25
Current or recent
1 (1.2)
5 (3.6)
0.42
1 (4.2)
0
Referent
chemotherapy‡
Housing§
Detached single-family
33 (40.2)
52 (37.7)
0.55
12 (50.0)
5 (62.5)
0.53
Attached single-family
16 (19.5)
22 (15.9)
1 (4.2)
1 (12.5)
Low-rise multi-family
10 (12.2)
12 (8.7)
4 (16.7)
0
High-rise multi-family¶
23 (28.0)
50 (36.2)
7 (29.2)
2 (25.0)

*Values are no. (%) except as indicated. Bold indicates significance. BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV1, forced
expiratory volume in 1 s; FVC, forced vital capacity; GERD, gastroesophageal reflux disease; IQR, interquartile range; PCD, primary ciliary dyskinesia.
†Fisher exact tests comparing White and non-White persons and persons who have ever smoked with persons who have not.
‡Recent chemotherapy was defined as within 2 years of treatment initiation.
§Missing data for 2 M. avium patients in the late period.
¶Buildings with >5 stories were classified as high-rise.
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Table 2. NTM disease characteristics of patients with Mycobacterium avium and M. xenopi pulmonary disease, Toronto, Ontario,
Canada*
M. avium
M. xenopi
Early period,
Late period,
Early period,
Late period,
Characteristic
n = 82
n = 138
p value
n = 24
n=8
p value
Previous NTM treatment†
Same species
10 (12.2)
23 (16.7)
0.47
2 (8.3)
1 (12.5)
Referent
Any species
12 (14.6)
27 (19.6)
5 (20.8)
2 (25.0)
History of positive AFB smear
53 (64.6)
112 (81.2)
0.01
13 (54.2)
5 (62.5)
Referent
CT pattern
Nodular-bronchiectatic
60 (73.2)
89 (64.5)
0.33
7 (29.2)
1 (12.5)
0.07
Fibrocavitary
17 (20.7)
34 (24.6)
16 (66.7)
4 (50.0)
Other
5 (6.1)
15 (10.9)
1 (4.2)
3 (37.5)
CT cavitation, any size
33 (40.2)
57 (41.3)
0.89
18 (75.0)
4 (50.0)
0.22
Median time from initial visit to
1.5 (–15.3 to 17.5) 0.0 (–5.0 to 9.0)
0.39
0.5 (–8.5 to 17.3) 0.5 (–1.0 to 3.75)
0.91
treatment initiation, mo (IQR)
*Values are no. (%) except as indicated. Bold indicates significance. AFB, acid-fast bacilli; CT, computed tomography; IQR, interquartile range; NTM,
nontuberculous mycobacteria.
†All except 1 M. avium patient with previous treatment history had a record of a single previous treatment episode; all M. xenopi patients with previous
treatment history had a record of a single previous treatment episode. P values compare previous treatment for any species

Mav-PD were older than patients with Mx-PD (median age 67.6 [IQR 59.2–74.9] vs. 57.4 [IQR 51.8–70.1]
years; p = 0.03), had COPD less frequently (68/220
[30.9%] vs. 16/32 [50.0%]; p = 0.04), and less frequently had fibrocavitary disease (51/220 [23.2%] vs. 20/32
[62.5%]; p<0.001).
Patients were followed for an average of 40.1
months. Ten patients with Mav-PD left follow up
within 12 months of treatment initiation; of those, 8
were treated in the late period. Four patients with
Mx-PD left follow up within 12 months of treatment
initiation; 3 of those were treated in the early period.
Antibiotic treatment differed somewhat between
periods among patients with Mav-PD (Table 3).

Rifamycins were used more often in the late period
than in the early period (79.0% vs. 62.2%; p = 0.008);
fluoroquinolones were used less often in the late period than the early period (13.0% vs. 56.1%; p<0.001).
In the late period, 23 patients (16.7%) were started
on treatment with 2 drugs, compared with just 2 patients (2.4%) in the early period, but this factor did
not result in more frequent treatment changes later.
The type of treatment used for Mx-PD was similar in
both periods. Treatment duration in the early and late
period was comparable for Mav-PD and Mx-PD.
Culture conversion among patients with MavPD was less frequent in the late period than the early
period (26.1% vs. 39.0%; p = 0.05) (Table 4). Culture

Table 3. Antibiotic treatment in early and late period used for patients with Mycobacterium avium and M. xenopi pulmonary disease,
Toronto, Ontario, Canada*
M. avium
M. xenopi
Early period,
Late period,
Early period,
Late period,
Treatment
n = 82
n = 138
p value
n = 24
n=8
p value
Initial treatment
Macrolide
82 (100)
138 (100)
Referent
23 (95.8)
8 (100)
Referent
Ethambutol
78 (95.1)
126 (91.3)
0.42
21 (87.5)
8 (100)
0.55
Rifamycin
51 (62.2)
109 (79.0)
0.008
14 (58.3)
6 (75.0)
0.68
Fluoroquinolone
46 (56.1)
18 (13.0)
<0.001
9 (37.5)
3 (37.5)
Referent
IV amikacin
1 (1.2)
2 (1.5)
Referent
1 (4.2)
0
Referent
Other
0
2 (1.5)†
0.53
2 (8.3)‡
0
Referent
Total initial drugs
2 drugs
2 (2.4)
23 (16.7)
0.001
5 (20.8)
1 (12.5)
0.66
3 drugs
67 (81.7)
111 (80.4)
16 (66.7)
5 (62.5)
>3 drugs
13 (15.9)
4 (2.9)
3 (12.5)
2 (25.0)
Amikacin added
IV
20 (24.4)
23 (16.7)
0.62
7 (29.2)
1 (12.5)
0.68
Inhaled only
1 (1.2)
7 (5.1)
2 (8.3)
1 (12.5)
Treatment adapted
16 (19.5)
36 (26.1)
0.33
11 (45.8)
3 (37.5)
Referent
Treatment intensified
7 (8.5)
15 (10.9)
0.65
9 (37.5)
2 (25.0)
0.68
Median total duration, mo
21 (13.3–31.5)
18 (13.0–28.8)
0.38
15.5 (10.8–26.0) 18 (10.8–20.5) Referent
(IQR)
*Values are no. (%) except as indicated. Bold indicates significance. Drugs were counted toward initial treatment if started within the first 3 months of
treatment. Changes in treatment were regarded as treatment adaptations if they took place after the first 3 months of treatment. Treatment adaptations
were considered intensification if they resulted in a higher number of drugs used. IV, intravenous.
†Clofazimine in 1 patient, inhaled amikacin in 1 patient.
‡Clofazimine in 1 patient, linezolid in 1 patient.
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Table 4. Outcomes of treatment in patients with Mycobacterium avium and M. xenopi pulmonary disease, Toronto, Ontario, Canada*
M. avium
M. xenopi
Early period,
Late period,
Early period,
Late period,
Outcome
n = 82
n = 138
p value
n = 24
n=8
p value
Mean duration of follow up after
31.0 (19.3–44.0) 31.0 (18.3–39.0)
0.23
28.0 (14.8–53.0) 18.5 (12.8–25.8)
0.32
treatment initiation, mo (IQR)
Culture conversion†
32 (39.0)
36 (26.1)
0.05
16 (66.7)
5 (62.5)
Referent
Toronto-York region‡
29/68 (42.6)
26/109 (23.9)
0.01
14/19 (73.7)
5/6 (83.3)
Referent
Outside Toronto-York region
3/14 (21.4)
10/29 (34.5)
0.49
2/5 (40.0)
0/2
Referent
Culture reversion
4 (12.5)
11 (30.6)
0.09
1/16 (6.25)
0/5
Referent
Clinical treatment success§
56 (68.3)
88 (63.8)
0.47
15 (62.5)
5 (62.5)
Referent
*Values are no. (%) except as indicated. Bold indicates significance. Culture reversion is presented as no. (% of patients out of those who had culture
conversion). Patients with insufficient samples submitted for evaluation of culture conversion were deemed not converted. Patients with missing follow up
computed tomography results were considered not clinically successful.
†Overall insufficient samples: M. avium early period, 19 (23.2%); M. avium late period, 23 (16.7%); M. xenopi early period, 4 (16.7%); M. xenopi late
period, 2 (25%).
‡Insufficient samples among Toronto-York region patients: M. avium early period, 12 (17.6%); M. avium late period, 16 (14.7%); M. xenopi early period, 3
(15.8%); M. xenopi late period, 0.
§Missing computed tomography results: M. avium early period, 4 (5.0%); M. avium late period, 9 (6.5%); M. xenopi early period, 1 (4.2%); M. xenopi late
period, 1 (12.5%).

reversion to positive after conversion to negative
was numerically higher in the late period (30.6% vs.
12.5%; p = 0.09). Culture conversion among patients
with Mx-PD was stable between the 2 periods and
much higher (21/32 patients [65.6%]) than conversion among patients with Mav-PD (68/220 patients
[30.9%]; p<0.001). Although we assumed a failure
to culture convert if inadequate samples were submitted, recalculating after excluding patients with
incomplete data did not change our comparative
outcomes. Clinical treatment success was fairly consistent between periods and species.
Discussion
After the increase in isolation frequency of M. avium
in Toronto and the Regional Municipality of York,
we observed a rise in the relative proportion of patients treated for Mav-PD at our center. The patients
with Mav-PD who were treated after this increase
occurred achieved culture conversion less often and
had a numerically (but not statistically) higher risk
for culture reversion, although their baseline characteristics were comparable and clinical treatment
success did not differ.
A sudden population-based increase in the frequency of M. avium isolation, as was recently observed in parts of Ontario, has not been reported
elsewhere. Meanwhile, we observed a relative increase in treated NTM-PD caused by M. avium but
not NTM-PD caused by M. intracellulare. The increase
in M. avium isolation is broadly consistent with previous observations in Ontario (14), parts of the United
Kingdom (12), Catalonia (19) and Hawaii, USA (increased MAC isolation) (20), and more specifically in
the Netherlands (increased M. avium isolation) (21).
In Queensland, Australia, the magnitude of increase
in M. intracellulare exceeded that of M. avium (1). In

Madrid, Spain, the isolation rate of M. avium was stable, whereas in Belgium the rate of M. intracellulare
increased and the rate of M. xenopi decreased (22,23).
The frequency of NTM-PD and MAC-PD in Denmark
was relatively stable during 1997–2008 (24), but the
prevalence of NTM-PD in Hawaii doubled from 2005
to 2013 (20). In addition, in the United States, substantial increases in NTM-PD overall have been identified
in Medicare beneficiaries during 1997–2007 (25) and
in both commercial managed care and Medicare settings during 2008–2015 (26). Species-level populationbased data for Japan are unavailable, but regional data
demonstrated that increases in MAC-PD consisted of
increases caused by M. avium and M. intracellulare in
both Nagasaki prefecture (27) and Kyoto (28).
Although the increase in isolation of M. avium observed in Ontario was temporally associated with a
higher frequency of Mav-PD in our cohort, this association alone does not demonstrate causality. The lack
of changes at the laboratory level suggests a change
either in the number of persons with M. avium isolation or higher clinician awareness and more investigations (sputum sampling and CT scans). However,
no coinciding proportional increase in sputum submission to the PHOL occurred during the increase in
M. avium isolation (13). Although an increase in use
of chest CT has been described in Ontario, the increase was nearly linear during 2007–2016 (29). Given
the lack of obvious detection bias, the abrupt rise in
pulmonary M. avium isolation is likely reflective of
a population-based phenomenon of more persons
with M. avium–positive sputum, which in turn led to
the changes observed in the clinic. However, the evidence remains circumstantial.
For patients with Mav-PD in our cohort, culture
conversion in the early period (39%) was lower than
the ≈60% that would be expected on the basis of a
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meta-analysis from 2017 (30). Although this difference
might be accounted for by the setting and severity of
disease, culture conversion in the late period was even
lower, occurring in only 26% of patients. In our secondary analysis, we included only patients living in the
Toronto and York regions, which resulted in an even
more substantial decrease in culture conversion over
time. In addition, in the early period, we observed a
frequency of culture reversion that was comparable to
a large retrospective series (14% microbiologic recurrence on treatment, similar to the definition of reversion used in our study) (31), whereas reversion seemed
to be more frequent in the late period.
The reduction in culture conversion between periods could be related to treatment regimens. Even
though a third drug was more often omitted in the
late period, this omission was mostly because of less
frequent use of fluoroquinolones, and their effectiveness in treating M. avium is debatable (32). In addition,
rifampin was used more often in the late period, making 3-drug treatment more often in line with current
guidelines. Our low overall proportion of culture conversion could be seen as surprising. Accordingly, factors influencing culture conversion, despite not being
the primary focus of this study, merited further consideration. In light of the large proportion of patients with
cavitation on their CT results, the paucity of injectable
amikacin therapy in the initial regimen might suggest
inadequate treatment. We generally initiate oral therapy first and allow time for the patient to acclimate and
for adjustment of drugs and doses before adding amikacin, which is usually added after ≈12 weeks and thus
not classified in our initial 12-week regimen. In addition, we did not employ a minimum-size criterion for
cavitation, so a large proportion of patients classified
as such likely had small cavities (<2 cm), which might
represent foci of bronchiectasis without substantial extrabronchial parenchymal destruction, for which parenteral therapy might not be required. The proportion
of patients with Mx-PD who received amikacin was
lower still. The reasons for this difference are unclear,
although anecdotally, a substantially larger proportion
of patients with M. xenopi might have declined the recommendation for peripherally inserted central catheter placement and intravenous therapy. On the other
hand, acquiring new strains after treatment has begun
might explain sputum culture reversion after successful conversion (33). Exposure to new strains because of
higher levels of exposure might also be a factor in both
the overall low conversion rate and the further reduction in the late period.
Because M. avium is acquired from the environment, probably more likely from water aerosols
1594

than from soil (9–11,34), and higher levels of exposure have been linked with more frequent NTM-PD
(10,35), increased exposure is a plausible mechanism
for the changes that were observed in Ontario. Host
susceptibility also plays a role in acquiring disease
(6,36) but would be expected to change only gradually over time. Alterations in behavior, such as increased shower use (10) or climate changes leading
to different surface water microbiome or higher atmospheric water content (9), could increase exposure but would not be restricted to such a narrowly
defined region. M. avium colonizing municipal water and household plumbing might be a substantial
source of Mav-PD (34). Also, all of the drinking water
for Toronto and a large proportion of drinking water
for the York region is sourced from Lake Ontario and
treated in 1 of 4 water treatment plants, all of which
use the same protocols for filtration and disinfection,
before the water is pumped northward to consumers
in Toronto and much of the York region. Although
definitive proof is lacking, changes in the municipal
water or its complex distribution system could potentially be causes of increased exposure. This serious
public health issue needs additional research, ideally
including evaluation of water samples at different
sites. Toronto Public Health did not find geographic
clustering within Toronto, but whether water testing
was performed is unclear (13), and Ontario drinking
water regulations do not mandate testing for NTM.
Other potential confounding factors could not be
evaluated in this study.
The consistent clinical treatment success for MavPD between periods, despite microbiologic outcomes,
is encouraging. It appears that clinical results of treatment in our setting are not exclusively dependent
upon culture conversion. For example, patients with
more extensive disease at start of treatment might
have lower chances of conversion but could still have
a good clinical result, presumably associated with a
reduction in burden of the organism. We lacked detailed data regarding the burden of organism (i.e.,
colony counts on solid media) and tried to remediate
this shortcoming by looking at sputum smear conversion, but not enough useful data were available. In
addition, the possibility of acquisition of new strains
of M. avium during treatment could not be addressed.
A strength of our study is that comparing outcomes of patients before and after the increase in
M. avium isolation at the largest NTM referral clinic
within the area of increase provides data on a large
sample of relevant patients divided over distinct time
periods. In addition, by applying broad selection criteria, we were able to include most patients that were
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treated for NTM-PD caused by M. avium or M. xenopi
at our center, and the number of patients who did not
complete follow up was low.
The first limitation of our study is that several patients in the late period were likely infected before the
increase in M. avium isolation was observed, because
NTM-PD is a chronic disease and treatment initiation
might not accurately represent timing of infection.
Nevertheless, treatment initiation is undoubtedly related to the infection progressing, which in turn could
be influenced by increased exposure, so this approach
was most suited to our objectives. Second, patients
that were previously treated could have lower conversion rates. Because we excluded patients from the
late period who were included in the early period, we
expected previous treatment to be more frequent in
the early period, and this factor could have reduced
the likelihood of detecting a difference in outcomes.
However, both Mav-PD groups had comparable levels of previous treatment, so the effect on our results
was likely not substantial. Third, we would ideally
have studied only patients living in Toronto and the
York region, but because we only possessed patients’
addresses at the time of data collection and patients
could have moved in or out of the area during treatment, we had to limit this evaluation to a secondary
analysis. Last, because sputum samples were collected at the discretion of the treating physician and according to patients’ willingness, the timing and number of samples varied considerably between patients.
However, we could not discern any sort of sampling
bias that could have influenced the outcomes. We assumed a failure to culture convert if inadequate samples were submitted, but recalculating conversion
frequencies after excluding patients with incomplete
data did not change our comparative outcomes.
The increased isolation of M. avium in Ontario was
temporally associated with a higher relative number
of patients with Mav-PD, less frequent culture conversion, and a trend toward more frequent culture reversion in Mav-PD patients in our NTM clinic in Toronto. Our findings suggest the presence of a causal
relationship between the increased frequency of M.
avium isolation and clinical events, and by extension,
the importance of investigations into the cause and
public health consequences of the higher number of
M. avium isolates.

mycobacteria at the University of Toronto under
supervision of Dr. Marras and Dr. Brode, where most of
this work was done. He works at the Ziekenhuis
Oost-Limburg in Genk, Belgium as a general pulmonologist
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About the Author

12.

Dr. Raats studied medicine in Belgium at the University of
Leuven and trained at the University Hospital in Leuven
to become a pulmonologist. After finishing his training, he
did a fellowship in tuberculosis and nontuberculous

References
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

Thomson RM; NTM working group at Queensland TB
Control Centre and Queensland Mycobacterial Reference
Laboratory. Changing epidemiology of pulmonary
nontuberculous mycobacteria infections. Emerg Infect Dis.
2010;16:1576–83. https://doi.org/10.3201/eid1610.091201
Marras TK, Mendelson D, Marchand-Austin A, May K,
Jamieson FB. Pulmonary nontuberculous mycobacterial
disease, Ontario, Canada, 1998–2010. Emerg Infect Dis.
2013;19:1889–91. https://doi.org/10.3201/eid1911.130737
Prevots DR, Shaw PA, Strickland D, Jackson LA, Raebel MA,
Blosky MA, et al. Nontuberculous mycobacterial lung
disease prevalence at four integrated health care delivery
systems. Am J Respir Crit Care Med. 2010;182:970–6.
https://doi.org/10.1164/rccm.201002-0310OC
McCallum AD, Watkin SW, Faccenda JF. Non-tuberculous
mycobacterial infections in the Scottish Borders:
identification, management and treatment outcomes—a
retrospective review. J R Coll Physicians Edinb. 2011;41:294–
303. https://doi.org/10.4997/JRCPE.2011.403
Namkoong H, Kurashima A, Morimoto K, Hoshino Y,
Hasegawa N, Ato M, et al. Epidemiology of pulmonary
nontuberculous mycobacterial disease, Japan. Emerg Infect
Dis. 2016;22:1116–7. https://doi.org/10.3201/eid2206.151086
Prevots DR, Marras TK. Epidemiology of human
pulmonary infection with nontuberculous mycobacteria: a
review. Clin Chest Med. 2015;36:13–34. https://doi.org/
10.1016/j.ccm.2014.10.002
Marras TK, Mirsaeidi M, Chou E, Eagle G, Zhang R,
Leuchars M, et al. Health care utilization and expenditures
following diagnosis of nontuberculous mycobacterial lung
disease in the United States. J Manag Care Spec Pharm.
2018;24:964–74. https://doi.org/10.18553/jmcp.2018.18122
Ramsay LC, Shing E, Wang J, Marras TK, Kwong JC,
Brode SK, et al. Costs associated with nontuberculous
mycobacteria infection, Ontario, Canada, 2001–2012. Emerg
Infect Dis. 2020;26:2097–107. https://doi.org/10.3201/
eid2609.190524
Adjemian J, Olivier KN, Prevots DR. Nontuberculous
mycobacteria among patients with cystic fibrosis in the
United States: screening practices and environmental risk.
Am J Respir Crit Care Med. 2014;190:581–6. https://doi.org/
10.1164/rccm.201405-0884OC
Tzou CL, Dirac MA, Becker AL, Beck NK, Weigel KM,
Meschke JS, et al. Association between Mycobacterium avium
complex pulmonary disease and mycobacteria in home
water and soil. Ann Am Thorac Soc. 2020;17:57–62.
https://doi.org/10.1513/AnnalsATS.201812-915OC
Maekawa K, Ito Y, Hirai T, Kubo T, Imai S, Tatsumi S, et al.
Environmental risk factors for pulmonary Mycobacterium
avium-intracellulare complex disease. Chest. 2011;140:723–9.
https://doi.org/10.1378/chest.10-2315
Shah NM, Davidson JA, Anderson LF, Lalor MK, Kim J,
Thomas HL, et al. Pulmonary Mycobacterium aviumintracellulare is the main driver of the rise in
non-tuberculous mycobacteria incidence in England,
Wales and Northern Ireland, 2007–2012. BMC Infect Dis.
2016;16:195. https://doi.org/10.1186/s12879-016-1521-3

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 28, No. 8, August 2022

1595

RESEARCH
13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Boyle T. Public health vexed by bacterium. The Toronto Star.
2015 Nov 17.
Al Houqani M, Jamieson F, Chedore P, Mehta M, May K,
Marras TK. Isolation prevalence of pulmonary
nontuberculous mycobacteria in Ontario in 2007. Can Respir
J. 2011;18:19–24. https://doi.org/10.1155/2011/865831
Griffith DE, Aksamit T, Brown-Elliott BA, Catanzaro A,
Daley C, Gordin F, et al.; ATS Mycobacterial Diseases
Subcommittee; American Thoracic Society; Infectious Disease
Society of America. An official ATS/IDSA statement:
diagnosis, treatment, and prevention of nontuberculous
mycobacterial diseases. Am J Respir Crit Care Med.
2007;175:367–416. https://doi.org/10.1164/rccm.200604-571ST
Jick SS, Lieberman ES, Rahman MU, Choi HK. Glucocorticoid
use, other associated factors, and the risk of tuberculosis.
Arthritis Rheum. 2006;55:19–26. https://doi.org/10.1002/
art.21705
Carrillo MC, Patsios D, Wagnetz U, Jamieson F, Marras TK.
Comparison of the spectrum of radiologic and clinical
manifestations of pulmonary disease caused by
Mycobacterium avium complex and Mycobacterium xenopi. Can
Assoc Radiol J. 2014;65:207–13. https://doi.org/10.1016/
j.carj.2013.05.006
van Ingen J, Aksamit T, Andrejak C, Böttger EC, Cambau E,
Daley CL, et al.; for NTM-NET. Treatment outcome definitions
in nontuberculous mycobacterial pulmonary disease: an
NTM-NET consensus statement. Eur Respir J. 2018;51:1800170.
https://doi.org/10.1183/13993003.00170-2018
Santin M, Barrabeig I, Malchair P, Gonzalez-Luquero L,
Benitez MA, Sabria J, et al. Pulmonary infections with
nontuberculous mycobacteria, Catalonia, Spain, 1994–2014.
Emerg Infect Dis. 2018;24:1091–4. https://doi.org/10.3201/
eid2406.172095
Adjemian J, Frankland TB, Daida YG, Honda JR, Olivier KN,
Zelazny A, et al. Epidemiology of nontuberculous
mycobacterial lung disease and tuberculosis, Hawaii, USA.
Emerg Infect Dis 2017;23:439–47.
van Ingen J, Hoefsloot W, Dekhuijzen PN, Boeree MJ,
van Soolingen D. The changing pattern of clinical
Mycobacterium avium isolation in the Netherlands.
Int J Tuberc Lung Dis. 2010;14:1176–80.
Soetaert K, Subissi L, Ceyssens PJ, Vanfleteren B,
Chantrenne M, Asikainen T, et al. Strong increase of true
and false positive mycobacterial cultures sent to the National
Reference Centre in Belgium, 2007 to 2016. Euro Surveill.
2019;24:1800205. https://doi.org/10.2807/1560-7917.
ES.2019.24.11.1800205
López-Roa P, Aznar E, Cacho J, Cogollos-Agruña R,
Domingo D, García-Arata MI, et al. Epidemiology of
non-tuberculous mycobacteria isolated from clinical
specimens in Madrid, Spain, from 2013 to 2017. Eur J Clin
Microbiol Infect Dis. 2020;39:1089–94. https://doi.org/
10.1007/s10096-020-03826-7
Andréjak C, Thomsen VØ, Johansen IS, Riis A, Benfield TL,
Duhaut P, et al. Nontuberculous pulmonary mycobacteriosis
in Denmark: incidence and prognostic factors. Am J Respir
Crit Care Med. 2010;181:514–21. https://doi.org/10.1164/
rccm.200905-0778OC
Adjemian J, Olivier KN, Seitz AE, Holland SM, Prevots DR.
Prevalence of nontuberculous mycobacterial lung disease in
U.S. Medicare beneficiaries. Am J Respir Crit Care

1596

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Med. 2012;185:881–6. https://doi.org/10.1164/rccm.
201111-2016OC
Winthrop KL, Marras TK, Adjemian J, Zhang H, Wang
P, Zhang Q. Incidence and prevalence of nontuberculous
mycobacterial lung disease in a large U.S. managed care
health plan, 2008–2015. Ann Am Thorac Soc. 2020;17:178–85.
https://doi.org/10.1513/AnnalsATS.201804-236OC
Ide S, Nakamura S, Yamamoto Y, Kohno Y, Fukuda Y,
Ikeda H, et al. Epidemiology and clinical features of
pulmonary nontuberculous mycobacteriosis in Nagasaki,
Japan. PLoS One. 2015;10:e0128304. https://doi.org/10.1371/
journal.pone.0128304
Ito Y, Hirai T, Fujita K, Maekawa K, Niimi A, Ichiyama S,
et al. Increasing patients with pulmonary Mycobacterium
avium complex disease and associated underlying diseases in
Japan. J Infect Chemother. 2015;21:352–6.
Smith-Bindman R, Kwan ML, Marlow EC, Theis MK,
Bolch W, Cheng SY, et al. Trends in use of medical imaging
in US health care systems and in Ontario, Canada,
2000–2016. JAMA. 2019;322:843–56. https://doi.org/10.1001/
jama.2019.11456
Kwak N, Park J, Kim E, Lee CH, Han SK, Yim JJ. Treatment
outcomes of Mycobacterium avium complex lung disease:
a systematic review and meta-analysis. Clin Infect Dis.
2017;65:1077–84. https://doi.org/10.1093/cid/cix517
Wallace RJ Jr, Brown-Elliott BA, McNulty S, Philley JV,
Killingley J, Wilson RW, et al. Macrolide/azalide therapy for
nodular/bronchiectatic Mycobacterium avium complex lung
disease. Chest. 2014;146:276–82. https://doi.org/10.1378/
chest.13-2538
Daley CL, Iaccarino JM, Lange C, Cambau E, Wallace RJ Jr,
Andrejak C, et al. Treatment of nontuberculous
mycobacterial pulmonary disease: an official ATS/ERS/
ESCMID/IDSA clinical practice guideline. Eur Respir J.
2020;56:2000535. https://doi.org/10.1183/
13993003.00535-2020
Jhun BW, Kim S-Y, Moon SM, Jeon K, Kwon OJ, Huh HJ,
et al. Development of macrolide resistance and reinfection
in refractory Mycobacterium avium complex lung disease.
Am J Respir Crit Care Med. 2018;198:1322–30.
https://doi.org/10.1164/rccm.201802-0321OC
Lande L, Alexander DC, Wallace RJ Jr, Kwait R,
Iakhiaeva E, Williams M, et al. Mycobacterium avium in
community and household water, suburban Philadelphia,
Pennsylvania, USA, 2010–2012. Emerg Infect Dis.
2019;25:473–81. https://doi.org/10.3201/eid2503.180336
Gebert MJ, Delgado-Baquerizo M, Oliverio AM, Webster TM,
Nichols LM, Honda JR, et al. Ecological analyses of
mycobacteria in showerhead biofilms and their relevance to
human health. MBio. 2018;9:e01614–8. https://doi.org/
10.1128/mBio.01614-18
Dirac MA, Horan KL, Doody DR, Meschke JS, Park DR,
Jackson LA, et al. Environment or host? A case-control
study of risk factors for Mycobacterium avium complex
lung disease. Am J Respir Crit Care Med. 2012;186:684–91.
https://doi.org/10.1164/rccm.201205-0825OC

Address for correspondence: Daan Raats, Ziekenhuis OostLimburg, Department of Respiratory Medicine, Schiepse Bos 5,
3600 Genk, Belgium; email: daan.raats@zol.be

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 28, No. 8, August 2022

