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ABSTRACT: The incidence of Mycobacterium avium complex (MAC) pulmonary disease in HIV-

negative patients was studied prospectively from January 1, 2000 to December 31, 2002 through

32 sentinel sites distributed all over France.

Among the 275 patients who yielded MAC isolates from respiratory clinical specimens, 101

(36.7%) met the bacteriological, radiographical and clinical criteria established by the American

Thoracic Society for nontuberculous mycobacterial respiratory disease. Of these 101 patients, 81

had underlying lung disease, mainly previous tuberculosis, bronchectasis or chronic obstructive

pulmonary disease.

Among the 20 patients with no underlying lung disease, 12 had a predisposing factor such as

leukaemia or immunosuppressive treatment and eight had no predisposing factor. All patients

with MAC respiratory disease had clinical symptoms, commonly cough and fatigue, and 52

(51.5%) were sputum smear positive for acid-fast bacillus.

The ratio of patients with Mycobacterium avium complex pulmonary disease to patients with

pulmonary tuberculosis in France was estimated to be 3% and the incidence of Mycobacterium

avium complex pulmonary disease in France was 0.2 per 100,000 inhabitants.
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T
he nontuberculous mycobacteria (NTM)
are environmental organisms commonly
isolated from respiratory clinical speci-

mens. They are often contaminants, although
the incidence of NTM pulmonary disease is
reportedly on the increase in many industrialised
countries [1–2]. Among NTM, Mycobacterium
avium complex (MAC) is most commonly asso-
ciated with human disease [1–3]. Pulmonary
infection usually occurs in patients with pre-
existing lung lesions, while disseminated infec-
tion mainly occurs in immunocompromised
hosts such as patients with AIDS. However,
recent studies have reported NTM pulmonary
infection in patients without underlying immuno-
suppressive disorders or chronic pulmonary
disease [4–5]. The incidence of NTM infection
varies from country to country [6]. In contrast to
Mycobactrium tuberculosis, MAC has the potential to
contaminate clinical specimens and colonise non-
sterile anatomical sites without causing invasive
disease. Thus, MAC isolation from a clinical speci-
men is insufficient to document MAC disease [7]; it
is necessary to provide evidence of invasive
disease. For this reason, the American Thoracic
Society (ATS) has set bacteriological, clinical and
radiographical criteria that should be met to
document pulmonary disease by NTM [1]. To

estimate the current incidence of MAC disease in
France, these criteria were applied over a 3-yr
period by 32 sentinel sites to all patients without
HIV infection from whom an isolate of MAC was
obtained.

MATERIALS AND METHODS
Laboratory and clinical data from all patients
who yielded an isolate of MAC in 32 sentinel sites
from January 1, 2000 to December 31, 2002 were
prospectively collected. The sentinel sites are part
of a voluntary-based laboratory network, the
French Mycobacteria Study Group (FMSG),
whose role is to assure systematic surveillance
of M. tuberculosis drug resistance [8]. As shown in
figure 1, the laboratories, which were mainly
clinical laboratories of university hospitals, were
distributed throughout France, 21 in cities across
the country and 11 in the region of Paris.

A definitive diagnosis of MAC infection was
made by the recovery of causative organisms
from blood or other natural sterile sites (e.g.
lymph node, bone marrow). For MAC isolated
from respiratory specimens, the bacteriological
criteria for diagnosis were a minimum of three
positive cultures with negative smears, or two
positive cultures with a minimum of one positive

AFFILIATIONS
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smear [1]. If sputum samples could not be obtained, a single
positive culture from a bronchial washing was sufficient,
provided there was a minimum of two (10–99 colonies)
growths or a positive smear. For a definitive diagnosis of
MAC pulmonary disease [1], the clinical criterion to be met
was documented deterioration, in cases of underlying condi-
tion, while the radiographical criterion was evidence of
progression, if baseline films .1-yr old.

Whenever a strain of MAC was isolated, a ‘‘case report form’’
was filled in containing the patient’s demographic data,
bacteriological criteria (number of positive and negative
specimens, acid-fast bacillus (AFB) smear) and, if ATS
bacteriological criteria were met, data on clinical symptoms
(cough, fatigue, fever, weight loss, haemoptysis, dyspnoea),
HIV status, pre-existing lung disease, history of previously
treated tuberculosis, underlying illnesses, chest radiographical
findings at the time the sputum sample, and past and present
drug treatment. Patients were excluded from the study if they
were HIV positive.

Cultures of specimens were performed in all laboratories by
plating decontaminated specimens onto Löwenstein-Jensen
medium (Bio-Rad, Marnes La coquette, France), and in some of
the laboratories by inoculation into broths such as MGIT
(Mycobacteria Growth Indicator Tube; Becton Dickinson, NJ,
USA) or 7H12 (Bactec TB; Becton Dickinson). Putative MAC
isolates were identified using DNA probes (GenProbe Inc, San
Diego, CA, USA). In several laboratories, organisms identified
as MAC using the DNA probe were then tested with additional
probes to distinguish M. avium from Mycobacterium intra-
cellulare. Some laboratories used INNOLiPA Mycobacteria
(Innogenetics, Zwijnaarde, Belgique).

To evaluate the relative incidence of MAC pulmonary disease,
each laboratory provided the number of patients with culture-
positive tuberculosis during the same period of surveillance.

RESULTS
Patients with Mycobacterium avium complex infection
Between January 1, 2000 and December 31, 2002, the FMSG
sentinel sites identified 304 patients with MAC isolates, 275
from respiratory specimens and 29 from nonrespiratory speci-
mens. Table 1 gives the distribution of MAC isolates by origin
of specimens and potential clinical significance in adult and
paediatric (,15 yrs) patients. Among the 275 patients with
MAC isolates from respiratory specimens, 134 (48.7%) met the
ATS bacteriological criteria for pulmonary disease while 59
(21.4%) had isolates that were considered contaminants or
transient colonisation, and 82 (29.8%) could not be included
because of insufficient numbers of clinical specimens with
positive cultures [1]. Pulmonary disease was most frequent in
females, 80 of 134 (59.7%). There was no age difference
between patients who met criteria for MAC disease and those
who did not, the median age at diagnosis being close to 70 yrs
(range 1–98 yrs). However, smear-positive specimens were
significantly more frequently obtained from patients who met
criteria for MAC disease (48.5%) than from those who did not
(5%). Among clinical specimens from patients excluded
because of insufficient number of clinical specimens, 12% were
AFB smear positive. M. avium was the most commonly
observed subspecies, but the proportion of M. intracellulare
subspecies was higher among patients with MAC ‘‘pulmonary
disease’’ (41.5%) than among patients with MAC ‘‘contamina-
tion or colonisation’’ (30%). Data obtained from patients
excluded because of an insufficient number of clinical speci-
mens suggests that some could have been considered as
having pulmonary disease if more clinical specimens had been
obtained.

Information on clinical and radiological conditions was
available for 119 of the 134 patients who met the ATS
bacteriological criteria. All of them had clinical symptoms
and 117 had radiographical abnormalities. The most common
clinical symptoms were cough (78%) and fatigue (59%),
followed by dyspnoea and weight loss (49%), fever (27%)
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FIGURE 1. Geographical distribution of the sentinel sites of the French

Mycobacteria Study Group. Data presented as number of strains/pulmonary

disease/extrapulmonary strains.

TABLE 1 Isolates of Mycobacterium avium complex from
304 patients

Origin of clinical

specimens

Adults Children

2000 2001 2002 2000 2001 2002

Respiratory

Pulmonary disease 48 40 44 2

Contamination or

colonisation

31 18 9 1

Doubtful 39 30 12 1

Lymphadenitis 2 2 1 6 3 2

Disseminated 2 1

Others 2 3 4 2
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and haemoptysis (15%). Haemoptysis was the only clinical
sign in 3% of cases. Pulmonary infiltrates were the most
common chest radiograph feature (36 patients), followed by
nodules (13 patients), infiltrates combined with nodules (8
patients) and cavities (8 patients). Among the 117 patients with
lung abnormalities, 16 did not have deteriorating infiltrates
compared with previous chest radiographs and were not
considered to have met the radiographical criteria for MAC
pulmonary disease. Therefore, the number of identified
patients who met all bacteriological, clinical and radiographi-
cal ATS criteria was 101. Among these, 81 (80%) had under-
lying lung disease. Previous tuberculosis, bronchiectasis and
chronic obstructive pulmonary disease were the most common
conditions, present in 33, 28 and 16 patients respectively. Two
children had cystic fibrosis. Finally, there was no previous
pulmonary disease in 22 (22%) patients, of whom 12 had a
predisposing factor for MAC disease (leukaemia, immunosup-
pressive treatment). Of those without a predisposing factor,
seven of the 10 were females who were aged 50, 60, 72, 79, 82,
85 and 88 yrs respectively.

Relative prevalence of Mycobacterium avium complex
disease in France
During the 3-yr study period, 101 patients were identified by
the FMSG as having MAC respiratory disease (table 2). During
the same time period the FMSG sentinel sites identified 4,766
culture-positive patients with pulmonary tuberculosis. From
these findings, the incidence of MAC pulmonary disease
among HIV-negative individuals in France could be estimated.
Considering that 101 cases of respiratory MAC disease have
been detected in a 3-yr period, the annual, average number of
cases is 33.6 (101/3). Assuming that the prevalence of
tuberculosis cases in France is 11 per 100,000 [9], the annual
population studied by the FMSG is close to 14 million ((4766/
3)/116100,000514.4 million). Thus, the prevalence of MAC
disease will be 34 cases for 14.5 million inhabitants or 0.23
per 100,000 inhabitants. Of course, this ratio is lower in
areas where the incidence of tuberculosis is higher; for
example, 1.2% in the Paris area and between 5.7–6.6% in all
other parts of France where the incidence of tuberculosis is
lower.

DISCUSSION
The results of the reported sentinel-site surveillance show that
101 (36.7%) of 275 MAC isolates from respiratory specimens

could definitely be related to MAC pulmonary disease
according to ATS criteria [1]. Only a limited number of
other MAC isolates (for example 10 that were associated with
AFB-positive smears) could have been added to the isolates
related to MAC pulmonary disease if more clinical specimens
had been obtained. Overall, the annual incidence of MAC
respiratory disease in France could be estimated at 0.23 per
100,000 inhabitants. It is important to emphasise that MAC
pulmonary disease is not a reportable condition and that the
expertise needed to identify such a condition is limited. It was,
therefore, neither advisable nor possible to conduct a standard
epidemiological survey based on representative sites. For the
present time, the reported incidence is, therefore, the most
reliable estimation that the current sentinel-site investigation
could provide.

Although MAC pulmonary disease is not reportable in most
countries and standard information is not available, other
investigators [10–11] have found relatively similar proportions
of MAC isolates to be associated with disease. For example, the
Centers for Disease Control and Prevention [12] reported on
NTM isolates in the USA between 1993–1996, and found that
there were 34,633 MAC isolates (i.e. 8,658?yr-1 on average).
During the same period [1] the prevalence of MAC pulmonary
disease was estimated to be 1.1 per 100,000 population for the
entire USA. Even though the total number of reported MAC
isolates was emphasised ‘‘not to represent the absolute
occurrence and distribution of species’’ [12], the ratio of
MAC pulmonary disease on total MAC isolates was 33%, an
estimate closer to that observed in the current study. In
southwest Ireland, over a 14-yr period from 1987–2000, 36
(20.5%) of the 175 NTM isolates from clinical specimens were
MAC. Among them, 13 were considered contaminant/colonis-
ing respiratory isolates and 23 (64%) were disease-causing
isolates, of which 14 were from pulmonary specimens [13]. Out
of these 14, two were collected from HIV-positive patients,
thus leaving 12 MAC pulmonary diseases, although the
authors did not provide the exact number of MAC respiratory
isolates. In a 6-yr study conducted in Switzerland, only 21% of
HIV-negative individuals with MAC isolates had clinical
disease [2]. In a study [14] conducted during 1994 among
patients with cystic fibrosis at 21 USA centres, MAC was
isolated from 118 subjects but only 25 of them (21%) met the
ATS microbiological criteria for nontuberculous mycobacterial
pulmonary disease.

TABLE 2 Bacteriological characteristics of patients who met American Thoracic Society (ATS) criteria

Patients with MAC isolates Patients Smear +ve Mycobacterial species

Avium complex# Avium Intracellulare

From respiratory specimens 275 (100) 78 (28.3) 87 (31.6) 116 (42.2) 72 (26.2)

Meeting ATS bacteriological

criteria

134 (48.7) 65 (48.5) 28 (20.9) 62 (46.3) 44 (32.8)

Meeting all ATS criteria 101 (36.7) 52 (51.5) 20 (19.8) 47 (46.5) 34 (33.7)

Data presented as n (%). MAC: Mycobacterium avium complex. #: with no distinction between Mycobacterium avium and Mycobacterium intracellulare.

M. AVIUM COMPLEX PULMONARY DISEASE J. MAUGEIN ET AL.

1094 VOLUME 26 NUMBER 6 EUROPEAN RESPIRATORY JOURNAL



It is important to note that smear-positive clinical specimens
were obtained from 48% of the current study’s patients with
MAC pulmonary disease and only 2–5% of patients without
definitive MAC pulmonary disease. A similar observation was
made by DEBRUNNER et al. [2]. A positive smear is, therefore, an
important criterium for the diagnosis of MAC-related disease
as stated in the ATS diagnostic criteria [1].

With the exception of those with cystic fibrosis, patients with
chronic lung disease due to MAC are generally older adults
with a history of underlying chronic lung disease [1]. The
current study’s patients were no exception to this rule. Their
mean age was 70 yrs, they were predominantly female, and
most of them had pre-existing destructive or obstructive
pulmonary conditions, as in the study by KENNEDY and
WEBER [15]. Like those of TIERSTEIN et al. [16], some of the
current patients had solitary nodules but chronic bronchitis,
bronchiectasis and tuberculosis-like infiltrates were the most
common features.

Although the majority of the 101 patients in the present study
had a history of bronchopulmonary disease, 22 of them had no
previous lung disease. Among these 22, 12 had a predisposing
factor for MAC disease. Of those without a predisposing factor,
seven of the 10 were ageing females who may have shared
similarities with the older females who had MAC infection in
the absence of pre-existing lung disease, as reported by
PRINCE et al. [5]. REICH and JOHNSON [17] coined the term
‘‘Lady Windermere Syndrome,’’ a condition affecting female
patients with MAC pulmonary disease localised to the middle
lobe or the lingual. HUANG et al. [4] confirmed these
findings and raised the possible issue of a specific immune
deficiency.

In the current study, the incidence of Mycobacterium avium
complex pulmonary disease was estimated at 0.2 cases per
100,000. In southwest Ireland, it was estimated at 0.3 cases per
100,000 [13]. In Switzerland, the incidence of respiratory
disease due to all species of nontuberculous mycobacteria
was estimated between 0.4–0.9 per 100,000 during the period
1983–1988 [2]. This case rate is lower than that in the USA
where the case rate in HIV-negative patients was estimated at
1.1–1.2 cases per 100,000 [1, 18]. The current study’s case rate
may be an underestimate, as 30% of patients could not be
classified due to insufficient numbers of clinical specimens. But
even if all of these patients had been considered definitive
cases of Mycobacterium avium complex respiratory disease, the
overall incidence would remain between 0.2–0.3 per 100,000.
Because of the increasing frequency of Mycobacterium avium
complex pulmonary disease [19] and the difficulty of its
treatment, it seems advisable to make it a reportable condition
based on reasonable microbiological, radiographical and
clinical criteria as those recommended by American Thoracic
Society.

ACKNOWLEDGEMENTS
The members of the French Mycobacteria Study Group are as
follows: M.L. Abalain (Brest), R. Bauriaud (Toulouse), P. Bemer
(Nantes), A. Bourgoin (Poitiers) L. Brasme (Reims), E. Cambau
(Paris), A. Carricajo (Saint Etienne), C. Carriere (Montpellier),
B. Cattier (Tours), S. Coignard (Paris), M. Chomarat (Lyon),
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