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Isolates of Mycobacterium avium complex from 727 patients with acquired immunodeficiency syndrome
(AIDS) were submitted by medical centers across the United States to the Centers for Disease Control for
serotyping. We were able to type 630 (87%) of these isolates by our seroagglutination procedure. Almost all
typeable isolates were M. avium (serotypes 1 to 6 and 8 to 11). Blood was the major specimen source for both
M. avium and the nontypeable isolates. M. intracellulare serotypes made up only 3% of all isolates from AIDS
patients, with sputum being the major specimen source. More than 50% of the isolates originated from either
New York or California, with serotype 4 being isolated most frequently in New York and serotype 8 appearing
most frequently in California. AIDS patients in Los Angeles had a significantly higher isolation frequency for
serotype 8 and a significantly lower one for serotype 4 in comparison with patients in either San Francisco or
New York City.

Nontuberculous mycobacteria belonging to the Mycobac-
terium avium complex are often isolated from immunocom-
promised individuals. These opportunistic pathogens have
been found to cause disseminated infection in up to 53% of
patients with acquired immunodeficiency syndrome (AIDS)
(7). The source of infection is presumed to be environmental
(5), since the organisms are commonly isolated from soil,
water, and house dusts (6). Infection might also be acquired
from contact with fowl or domestic and wild animals (13).

Since the adaptation of the seroagglutination technique to
nontuberculous mycobacteria (14), 28 serotypes have been
established for members of the M. avium complex and 3
additional serotypes for M. scrofulaceum. Serotyping is
based on the presence of specific oligosaccharide haptens
located on the cell surface (2, 3, 12) of smooth-colony-
forming strains (15). Rough-colony-forming strains do not
form stable suspensions and therefore are unsuitable for
serotyping.
The traditional designation of M. avium serotypes as 1

through 3 and M. intracellulare serotypes as 4 through 28 has
been modified because ofDNA homology (1) and T-catalase
serology studies (18). The high correlation between these
two methods plus evidence from pathogenicity studies (13)
suggest that serotypes 1 through 6 and 8 through 11 should
be considered M. avium, while serotypes 7 and 12 through 25
are M. intracellulare. The original designation of M. scrof-
ulaceum as serotypes 41 through 43 remains unchanged.

In this survey, we report our findings concerning source,
frequency, and geographic distribution of M. avium complex
serotypes as a result of serotyping isolates from 727 AIDS
patients.

MATERIALS AND METHODS
Isolates identified as M. avium complex from 727 AIDS

patients were submitted from medical centers across the
United States from January 1982 through July 1987. Identi-
fication was reconfirmed in our laboratories (9) when an
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isolate failed to serotype and did not autoagglutinate. Most
isolates were initially received for drug susceptibility testing
against rifabutin and were subsequently serotyped for this
study. A smaller number of isolates were received for
identification, and a few were directly solicited by us for
serotyping. Specimen source information was obtained from
data sheets submitted with all cultures. No particular spec-
imen source was requested for any of our testing procedures.
Large numbers of isolates were received from California and
New York State, since both states contain large urban
centers with high concentrations of risk group individuals,
namely, homosexuals and intravenous drug abusers.
The preparation of type strains for antiserum production

and the method for serotyping isolates have been described
in detail (6). This method is basically a modification of the
procedure of Schaefer (15). Briefly, strains were grown in
complete Middlebrook 7H9 medium (Difco Laboratories,
Detroit, Mich.) for 7 to 14 days at 35°C. Broth cultures (0.2
ml) were spread over petri plates (20 by 150 mm each)
containing complete Middlebrook 7H10 medium (GIBCO
Laboratories, Grand Island, N.Y.), sealed in plastic bags,

TABLE 1. Serotypes of M. avium complex isolates
from AIDS patients

Serotype No. of isolates(% of total)

i.......................................... 64 (9)
2 .................... ..................... 11 (2)
4 ................... ...................... 290 (40)
6 .................... ..................... 13 (2)
8 .................... ..................... 124 (17)
9 .................... ..................... 23 (3)
10 .................... ..................... 27 (4)
4/8 cross .................................. 30 (4)
Other M. aviuma ............................. 26 (4)
M. intracellularea ...................................... 22 (3)
Nontypeable" ......................................... 97 (13)

a Serotypes and cross-reactions less than 1% of total.
b Cell suspensions either did not react with type-specific antisera or

autoagglutinated.
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TABLE 2. Serotypes of M. avium complex associated
with source of isolation

No. of isolates from (% of total for serotype):
Serotype

Blood Tissue Sputum Stool Other Un-
known

1 23 (36) 11 (17) 7 (11) 1 (2) 9 (14) 13 (20)
2 4(36) 1 (9) 1 (9) 0(0) 2(18) 3 (27)
4 121 (42) 52 (18) 22 (8) 14 (5) 42 (14) 39 (13)
6 2 (15) 2 (15) 2 (15) 1 (7) 3 (20) 3 (20)
8 52 (42) 18 (15) 17 (14) 2 (2) 19 (15) 16 (13)
9 12 (52) 2 (9) 3 (13) 0 (0) 3 (13) 3 (13)
10 13 (48) 4 (15) 2 (7) 0 (0) 5 (18) 3 (11)
4/8 cross 12 (40) 7 (23) 3 (10) 2 (6) 4 (13) 2 (7)
Other M. avium 8 (31) 3 (12) 6 (23) 1 (4) 3 (12) 5 (8)
M. intracellulare 4 (18) 3 (14) 11 (50) 0 (0) 2 (9) 2 (9)
Nontypeable 40 (41) 18 (19) 11 (11) 3 (3) 15 (15) 10 (10)

and incubated at 35°C either for 3 weeks or until growth was
confluent. Cells were harvested from plates with 0.01 M
phosphate-buffered saline, pH 7.2, and heat killed by immer-
sion in a water bath at 70°C for 70 min. Cell suspensions
were standardized to 0.3 optical density units at 525 nm for
either antiserum production or typing. Equal volumes (0.5
ml) of cell suspension and diluted antiserum were mixed in
tubes (12 by 75 mm each). A positive test was indicated by
complete agglutination of the cell suspension after incuba-
tion in a water bath at 37°C for 24 h. Proof of type was

obtained by adsorbing reference antisera with cell suspen-

sions of positively reacting isolates and subsequently testing
the adsorbed antisera against their homologous strains. An
absence of agglutination was considered a confirmation of
identity, whereas a positive test indicated that the original
isolate was a cross-reacting strain.

RESULTS

Frequency of serotypes. Of 727 M. avium complex isolates
from AIDS patients, 630 (87%) were typeable by our sero-
agglutination procedure. Serotypes and frequency of isola-
tion are listed in Table 1. M. avium serotype 4 accounted for
40% of the isolates, while M. avium serotype 8, the next
most prevalent serotype, accounted for 17% of the isolates.
Several isolates agglutinated in both serotype 4 and serotype
8 antisera and could not be identified as a single serotype by
our adsorption technique. By single-colony selection it was
shown that the serotypes were not mixed but gave a true
cross in the seroagglutination reaction.
Only 22 isolates of M. intracellulare from AIDS patients

were serotyped. M. intracellulare serotype 16 (three iso-
lates) and M. intracellulare serotype 18 (four isolates) were

most frequently encountered.
Isolates were considered nontypeable if they either did not

react with our antisera or autoagglutinated. Nontypeable
cultures accounted for 13% (97 isolates) of all our isolates.

Serotype and specimen source. M. avium complex isolated
from AIDS patients was principally from blood, tissue,
sputum, and stool specimens (Table 2). Blood was the major
specimen source for the commonly isolated serotypes. For-
ty-two percent of both serotypes 4 and 8 isolates were from
blood. No major M. avium serotype was significantly dif-
ferent from another in association with a particular specimen
source.
Sputum appears to be the major source for M. intracellu-

lare, since 11 of our 22 isolates originated from that speci-
men type. No M. intracellulare serotype isolate could be
identified from stool samples.

Geographic distribution. Medical centers in California and
New York State contributed over 50% of the M. avium

complex isolates from AIDS patients. The serotypes found
in these states were compared with each other and with
those isolated in other western and eastern states (Table 3).
M. avium serotypes 4 and 8 have a regional distribution. In
California, serotype 8 was found slightly more often than
serotype 4, and these two serotypes accounted for over 50%
of cultures submitted from the state. In contrast, serotype 4
alone was identified in over 50% of the isolates from New
York State AIDS patients. When isolates from western
states other than California were examined, serotype 4 was
found in slightly larger numbers than serotype 8. This again
contrasts with isolates from eastern states other than New
York, where the frequency of serotype 4 far exceeded that of
serotype 8. Serotypes 1, 9, and 10 appear to have an even
distribution in each region.

Serotypes of isolates from three cities that represent the
largest centers of infection for M. avium complex in AIDS
patients, New York City, Los Angeles, and San Francisco,
were compared (Table 4). Los Angeles was found to have a
high concentration of serotype 8 isolates, which accounted
for 36% of the isolates from that city. Serotype 4 was found
among only 14% of the isolates in Los Angeles. In contrast,
the isolation frequency of serotype 4 was very high in New
York City (49%) and San Francisco (42%), while the fre-
quency of serotype 8 was low in New York City (8%) and
San Francisco (16%). The numbers of serotype 4 and 8
isolates from Los Angeles were found to be significantly
different from those from New York City and San Francisco
when Fisher two-tailed exact P values were calculated.

DISCUSSION
M. avium complex serotypes 4 and 8 are the isolates

encountered most often from AIDS patients in the United
States, but their frequency of appearance can vary widely
depending on geographic location.
When we examined 236 isolates from New York City

AIDS patients, 49% (115 isolates) were serotype 4 and 8%

TABLE 3. Geographic distribution of M. avium complex serotypes from AIDS patients

No. of isolates of serotype (% of total for region):
Region

1 2 4 6 8 9 10 4/8 cross Other Nontypeable

California 11 (7) 6 (4) 37 (25) 1 (1) 43 (28) 6 (4) 10 (5) 4 (3) 15 (10) 21 (14)
Other western stateSa 8 (10) 0 (0) 22 (28) 0 (0) 16 (20) 3 (3) 5 (6) 0 (0) 9 (12) 15 (19)
New York 23 (9) 4 (2) 125 (51) 10 (4) 24 (10) 4 (2) 3 (1) 13 (5) 9 (4) 32 (13)
Other eastern stateSb 22 (9) 1 (9) 106 (42) 2 (1) 41 (17) 10 (4) 9 (4) 13 (5) 15 (6) 29 (12)

a States located west of Mississippi River including Alaska and Hawaii.
b States located east of Mississippi River including Commonwealth of Puerto Rico.
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TABLE 4. Comparison of M. avium complex serotypes from AIDS patients in New York City, Los Angeles, and San Francisco

No. of isolates of serotype (% of total for city):
City

1 2 4 6 8 9 10 4/8 cross Other Nontypeable

New York 23 (10) 4 (2) 115 (49) 9 (4) 20 (8) 2 (1) 3 (1) 10 (4) 12 (5) 38 (16)
Los Angeles 8 (12) 3 (4) 10 (14) 0 (0) 25 (36) 3 (4) 6 (9) 2 (3) 4 (6) 8 (12)
San Francisco 3 (7) 0 (0) 19 (42) 0 (0) 7 (16) 2 (4) 4 (9) 1 (2) 2 (4) 7 (16)

(20 isolates) were serotype 8. Horsburgh et al. (8) serotyped
23 isolates from New York City AIDS patients and found
that 61% (14 isolates) were serotype 4 and 9% (2 isolates)
were serotype 8. They suggested that either the high inci-
dence of serotype 4 in New York City represents a localized
outbreak or this serotype is the most common pathogenic
one in the New York City environment. Our data demon-
strated that serotype 4 is the predominant serotype isolated
from AIDS patients not only in New York City but also in all
eastern states as a region. An argument can be made for
localized outbreaks in California; Los Angeles had a high
concentration of serotype 8 isolates (36%) and San Francisco
had a high concentration of serotype 4 isolates (42%). Other
western states as a region had a more even distribution of
serotype 4 (28%) and serotype 8 (20%) isolates.
Blood was the major specimen source for isolation of M.

avium serotypes from AIDS patients. High numbers of
organisms are present in the blood of these patients with
disseminated disease, and commercial equipment has been
designed for their detection (19). The association of M.
avium complex with the intestinal tracts of AIDS patients
(4, 7, 10, 16) supports the conclusion that entry is gained
either through ingestion or by some damage to the anorectal
area (4).
M. intracellulare serotypes represented only 3% of our

isolates from AIDS patients. Sputum was the only major
source of isolation, and no isolates were recovered from
stool samples. The respiratory tract may be the only major
route of infection for these organisms. The low isolation rate
of M. intracellulare from blood suggests that it is rarely
associated with disseminated disease in AIDS patients.

Isolates from non-AIDS patients had a distribution of
serotypes different from those from AIDS patients. We
serotyped 59 isolates from non-AIDS patients over the same
period as those from patients with AIDS. Our results re-
vealed that 32% of the isolates were M. intracellulare
serotypes and 30% were M. avium serotypes, and the
remainder would not type with our antisera (unpublished
data). The major serotypes found in non-AIDS patients were
M. avium serotype 8 (five isolates) and M. avium serotype 1
(four isolates), with the rest of the isolates spread over a
wide range of serotypes. Before the appearance of AIDS,
our laboratories serotyped 415 M. avium complex strains
between 1979 and 1982 (5). Serotype 8 appeared most often,
followed by serotypes 1, 14, 4, 16, 9, 42, and 6. Horsburgh et
al. (8) serotyped 75 isolates of M. avium complex collected
between 1976 and 1982 from non-AIDS patients with pulmo-
nary infection. As in our study, serotype 8 was identified
most often but serotype 1 was not isolated. During a period
from 1976 to 1978, McClatchy (11) serotyped 690 strains of
M. avium complex, of which 84% were associated with
pulmonary infection. By using the present criteria to distin-
guish species by serotype, 302 isolates were M. intracellu-
lare, 304 isolates were M. avium, and 84 isolates were M.
scrofulaceum. Again, the most frequent isolate was serotype
8, followed by 16, 4, 19, 42, and 1.
M. avium serotypes, particularly types 4 and 8, need to be

better characterized for epidemiological studies to investi-
gate environmental sources of infection and the possibility of
direct transmission. Serotypes could be subdivided by nu-
merous methods used individually or in combination, such
as plasmid profiles, DNA restriction patterns, phage typing,
antibiotic resistance patterns, and multilocus enzyme elec-
trophoresis. Multilocus enzyme electrophoresis has been
successful in identification of M. fortuitum strains involved
in cardiac infections and in locating the same electrophoretic
types in environmental sources (17). We are presently using
this method to examine M. avium serotypes from AIDS
patients and to attempt to find similar electrophoretic types
in food and water.
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