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The serovars of clinical isolates of Mycobacterium avium complex from 24 acquired immunodeficiency
syndrome (AIDS) and 140 non-AIDS patients in Sweden were studied by using type-specific antisera. A wide
distribution of serovars was seen. Serovar 6 was predominant in both groups of patients, isolated from 33 and
16% of the AIDS and non-AIDS patients, respectively. The results indicate geographical as well as disease-
related differences in the distribution of M. avium complex serovars of clinical importance.

Infections with members of the Mycobacterium avium
complex (MAC) are being increasingly recognized (26). In
Sweden, the number of clinical isolates ofMAC has steadily
increased during the past decade (25). Severe opportunistic
MAC infections are common in patients with acquired
immunodeficiency syndrome (AIDS) (15, 28). In the United
States, certain serovars of MAC occur more frequently in
patients with AIDS than in those with MAC infections but
without AIDS (12, 15). In Sweden, approximately 10% of
AIDS patients are infected with MAC (13).
By elucidating the nature of the glycopeptidolipid antigens

of the dominant MAC serovars (2, 17), a detailed epidemio-
logical analysis may be made, since tools such as monoclo-
nal antibodies and gas chromatography of the distinct sugar
epitopes may be applied to serodiagnosis and to tracing the
origin of these bacteria.
We have collected strains of MAC isolated from patients

with and without AIDS in Sweden from 1983 to 1988 and
now present information on serovar designation and its
relation to the clinical status of patients.

MATERIALS AND METHODS

All MAC isolates derived from patients from the Stock-
holm area or central Sweden were examined in the period
from 1983 to 1986. From 140 non-AIDS patients, 181 MAC
isolates were obtained. Also, 35 MAC isolates, collected
from 1985 to mid-1988 from the first 24 patients in Sweden
with AIDS and culture-verified MAC infections, were in-
cluded in this study.
The mycobacteria were isolated by culture on Low-

enstein-Jensen medium or by BACTEC radiorespirometry:
the BACTEC method was used as a complement to conven-
tional culturing on solid medium mainly for extrapulmonary
specimens and direct smear-positive samples (9). All clinical
isolates were identified as MAC strains by standard methods
(24). The MAC isolates were serotyped at the National
Jewish Center for Immunology and Respiratory Medicine by
the standard Schaefer method, as described by McClatchy,
using serovar-specific rabbit antisera (16). When the results
of serotyping were inconclusive, isolates were further eval-
uated by thin-layer chromatography of the typing antigens
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(3) or by enzyme-linked immunosorbent assay of these
isolated antigens against the type-specific antiserum (27).

RESULTS
The 181 MAC isolates obtained from non-AIDS patients

consisted of 127 isolates from 89 patients with pulmonary
MAC infections, 45 isolates from 44 patients with lymph
node infections, and 9 isolates from another 7 patients with
other types of MAC infections. The application of a variety
of protocols for serotyping (seroagglutination, enzyme-
linked immunosorbent assay, and thin-layer chromatogra-
phy) demonstrated that a wide distribution of serovars was
evident and that most known MAC serovars were repre-
sented (Table 1).
The most prevalent serovars isolated from Swedish pa-

tients without human immunodeficiency virus infections
were serovar 6 (22 patients, 16%), serovar 1 (19 patients,
14%), and serovar 4 (15 patients, 11%). A mixture of
serovars, particularly serovars 4 and 8, was also recovered
from a sizable number of patients (Table 1).

Serovars 1, 6, 7, 9, 14, and 16 were recovered at higher
frequencies from patients with pulmonary infections than
from persons with extrapulmonary infections. Serovar 4, on
the other hand, was isolated from 9 of 51 patients (18%) with
extrapulmonary infections. Seven of the nine extrapulmo-
nary isolates of serovar 4 were derived from lymph nodes of
children with lymphadenitis, and the remaining two were
isolated from the urinary tract. This information can be
compared to the isolation of serovar 4 from only 6 of 89
patients (7%) with pulmonary infections. The two MAC
strains isolated from bone marrow were of serovars 3 and 6.
The 35 MAC isolates from the first 24 patients in Sweden

with AIDS also represented a broad spectrum of serovars.
Again, as among the non-AIDS patients, serovar 6 was the
most commonly isolated MAC serovar in this necessarily small
group of isolates; it was recognized in 8 of the 24 patients
(33%). The incidence of mixed serovars, including mixtures of
M. avium and M. scrofulaceum, was high (Table 2).
The results obtained with thin-layer chromatography and

enzyme-linked immunosorbent assay techniques were in very
good agreement with serotyping results obtained with type-
specific antisera. For 14 isolates untypeable by seroagglutina-
tion, the serovars could be determined by thin-layer chroma-
tography or enzyme-linked immunosorbent assay techniques.
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TABLE 1. Serovars of M. avium complex isolates obtained from
140 non-AIDS patients in Sweden in the period from

1983 to 1986a

Serovar No. of No. of isolates
nlo. patients Pulmonary Lymph node Otherb

1 19 16 3
2 6 4 2
3 1 1
4 15 6 7 2
6 22 17 3 2
7 4 4
8 7 4 2 1
9 il 8 2 1
il 4 4
12 2 2
14 5 5
15 1 1
16 10 7 2 1
17 2 2
18 1 1
20 1 1
25 1 1
42 2 1 1
43 1 1
1/4C 1 1
1/6 1 1
1/14 1 1

1/2/8 1 1
1/4/8 1 1
2/22 1 1
4/8 10 4 6
7/12 1 1
7/13 1 1
8/42 1 1

UNT/SAd 27 16 il
a When different serovars were isolated from a patient, each serovar was

included once. When the same serovar was repeatedly isolated from the same
site in a patient, it was included once.

b Bone marrow, bone, synovial fluid, and urine.
C Mixed serovars.
d UNT/SA, Untypeable/spontaneous agglutination.

DISCUSSION

Apart from a preliminary report on serovars of MAC
isolated from AIDS patients in Sweden (10), nothing has
been reported regarding the spectrum of MAC serovars
isolated from AIDS patients in relation to non-AIDS patients
in Sweden or, to our knowledge, in any other European
country.
The identities of the serovars of the M. avium complex

isolated from the 140 Swedish non-AIDS patients differed
from those of earlier studies, mainly from the United States.
Serovar 6 (isolated from 16% of the patients) was the most
common MAC serovar encountered in the present study.
This finding is more in accord with results from Australia,
where serovar 6 was found in 11 of 95 sputum samples (21).
In the United States, serovars 8 (13%), 16 (10%), and 4 (7%)
have been reported (16) to be the three most common MAC
isolates from non-AIDS patients; serovar 6 was only rarely
(4%) encountered.

Differences in serovars of isolates from different sites of
infection were seen; thus, strains of serovar 4 were mainly
recovered from extrapulmonary sites, while a high percent-
age of serovars 1 and 6 was found among pulmonary isolates.

Also, among the isolates from patients with AIDS in

TABLE 2. Serovars of M. avium complex isolated from the first
24 patients in Sweden with both AIDS and culture-verified

M. avium complex infection

No. of isolates
Serovar No. of

no. patients Disseminated Lymph
infections Pulmonary node Stool

1 1 1
2 1 i
4 3 2 1
6 8 5 2 1 3
9 3 2 2
43 3 1 2
4/6d 1 1
4/8 1 1
1/43 1 1
4/43 1 1
6/41 1 1
UNT/SAe 5 1 2 3

Total (isolates/ 10/8 11/11 1/1 12/11
patients)
a When different serovars were isolated from a patient, each serovar was

included once. When the same serovar was repeatedly isolated from the same
site in a patient, it was included once.

b Blood, bone marrow, and liver.
C Sputum, gastric wash, lung tissue, pleural biopsy, bronchial aspiration,

and bronchial lavage.
d Mixed serovars.
e UNT/SA, Untypeable/spontaneous agglutination.

Sweden, a spectrum of MAC serovars different from that
encountered in the United States was observed. Infections
with MAC have been seen in up to 50% of U.S. patients with
AIDS (1). Eighteen of 23 MAC isolates (78%) from AIDS
patients with disseminated mycobacterioses at the Memorial
Sloan-Kettering Cancer Center were serovar 4 (15) and so
were 21 of 52 isolates (40%) from AIDS patients from several
areas of the United States (12). These studies indicate that
patients with AIDS were significantly more likely to have an
isolate identified as serovar 4 than were patients without
AIDS. According to analysis by geographic origin, AIDS
patients from New York City were more likely to have
serovar 4 isolates than were AIDS patients from other states.
In a recent study from Canada, MAC serovar 8 was demon-
strated in 7 of 11 human immunodeficiency virus-infected
patients (11). In the present study, a high percentage of
isolates from AIDS patients were serovar 6, while only a few
were serovar 4. The high frequency of serovar 4 in AIDS
patients seen in the United States is thought to be due to a
common source of infection, and the high frequency of
serovar 4 and 8 among patients with disseminated infection
has been suggested to indicate that these serovars are
particularly virulent (5). However, none of the 10 isolates
from the blood, bone marrow, or liver of AIDS patients in
Sweden and none of the two bone marrow-derived isolates
from non-AIDS patients were of serovar 4 or 8.

It is possible that all three serovars, 4, 6, and 8, represent
organisms that are common among particularly virulent
MAC strains. We and others have shown that strains belong-
ing to certain clones of Escherichia coli are especially
virulent and that such strains belong to certain serovars (20,
23). Similarly, it has recently been suggested that there may
exist certain pathogenic MAC clones (8). Thus, the risk of
developing disease with a certain serovar of MAC may,
apart from host factors, depend on both environmental
factors (6) and bacterial virulence factors which are so far
unknown. Host factors are certainly of utmost importance,
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and thus AIDS patients may be particularly susceptible to
pathogenic MAC strains in the environment.
The serovars of MAC isolated from slaughter pigs and

wild animals in Sweden showed a different spectrum of
serovars, dominated by serovar 2 (unpublished observa-
tions), which is in accordance with earlier characterizations
of MAC isolated from animals in both Denmark (22) and
Germany (18). This result demonstrates that the source of
infection differs between a human population and animals
living in the same area.

It has been suggested that Mycobacterium bovis BCG
vaccination protects against infections with MAC (4, 7, 14,
19). In Sweden only about 10% of AIDS patients were
infected with MAC (13). It is possible that this relatively low
incidence is due to cross-protection after BCG vaccination
(13). Since all Swedes up to 1975 were BCG vaccinated at
birth, most pulmonary patients in this study were in fact
vaccinated and represent a BCG-vaccinated population. On
the contrary, most of the 44 patients with lymph node
isolates were unvaccinated children. Among the children,
the most common serovar was serovar 4 (7 patients, 16%), a
figure close to what is seen in the non-AIDS patients in
United States (not BCG vaccinated). Accordingly, one ex-
planation for the differences seen in MAC serovars among
Swedish patients, with or without AIDS, is that the protec-
tive effect of BCG vaccination differs for different serovars,
which is reflected by a different spectrum of MAC serovars
giving rise to infection.
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