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Mycobacterium avium-complex Infections and
Development of the Acquired Immunodeficiency Syndrome:

Casual Opportunist or Causal Cofactor?

Since its first recognition in 1981 as a new
immunodeficiency disease afflicting homo-
sexual men in New York and San Fran-
cisco,' . 2 the number of cases of acquired im-
munodeficiency syndrome (AIDS) reported
each year to the Centers for Disease Control
(CDC) in Atlanta, Georgia, U.S.A., has in-
creased exponentially, reaching epidemic
proportions in the U.S.A.,' in Europe,' and

' Gottlieb, M. S., Schroff, R., Schanker, H. NI., Weis-
man, J. D., Peng Thim Fan, Wolf, R. A. and Saxon,
A. Pneumocystis caninii pneumonia and mucosal can-
didiasis in previously healthy homosexual men. Evi-
dence of a new acquired cellular immunodeficiency.
N. Engl. J. Med. 305 (1981) 1425-1431.

= Hymes, K. B., Cheung, T., Greene, J. B., Prose, N.
S., Marcus, A., Ballard, H., William, D. C. and Lau-
benstein, L. J. Kaposi's sarcoma in homosexual men—
a report of eight cases. Lancet 2 (1981) 598-600.

Update: acquired immunodeficiency syndrome
(AIDS)—United States. Morb. Mort. Wkly. Rep. 34
(1985) 245-248.

' Update: acquired immunodeficiency syndrome
(AIDS)—Europe. Morb. Mort. Wkly. Rep. 33 (1984)
2I-31.

in Africa.' The total number of cases in the
U.S. presently meeting CDC criteria for this
disease' now exceeds 16,000, 3 continues to
double yearly (Fig. 1), and is expected to
reach more than 40,000 over the next two
years.' Although this figure is still relatively
small, the overall mortality for this disease
presently stands at 50% (with a two-year
survival rate approaching zero). This chill-
ing statistic, combined with recent reports
that the AIDS virus is spreading into the
heterosexual populations has generated a
level of public awareness and concern about

Clumeck, N., Van de Perrc, P., Carael, NI., Rou-
vroy, D. and Nzaramba, D. Heterosexual promiscuity
among African patients with Aids. (Letter) N. Engl. J.
Med. 313 (1985) 182.

'Jaffe, H. W., Bregman, D. J. and Selik, R. M. Ac-
quired immune deficiency syndrome in the United
States: the first 1,000 cases. J. Infect. Dis. 148 (1983)
330-345.

' Wong-Staal, F. and Gallo, R. C. Human T-Iym-
photrophic retroviruses. Nature 317 (1985) 395-403.

Landesman, S. H., Ginzburg, H. NI. and Weiss, S.
H. The AIDS epidemic. N. Engl. J. Med. 312 (1985)
521-525.
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this new disease far out of proportion to its
present incidence.

The primary causative agent of AIDS is
a retrovirus' ) . '" called human T-lympho-
trophic virus-Ill (HTLV-III) or lymphad-
enopathy-associated virus (LAV). The dis-
ease is spread via infected blood, semen,
and saliva, with the virus parasitizing the
T4 lymphocyte population" to produce de-
clining T4/T8 cell ratios and an increasing
level of immunodepression.' 2 Only 5%-10%
of AIDS-virus infected individuals go on to
develop the terminal form of the disease,"
which is usually diagnosed following the de-
velopment of a life-threatening opportunis-
tic lung infection or an unusually malignant
form of Kaposi's sarcoma.' 4 Death is most
frequently due to disseminated Pneunto-
cystis carinii, Candida albicans, Ilistoplas-
ma capsulation, Taxoplastna gondii, or
Mycobacterium avium lung disease (Fig. 2).
However, a number of other lung, intesti-
nal, and urogenital pathogens have also been
recovered from these patients, many of
whom go on to develop severe intestinal,
central nervous system, and septicemic
complications.'' Most of these opportunis-

Gallo, R. C., Salahuddin, S. Z., Popovic, M., Shear-
er, G. M., Kaplan, M., Haynes, B. F., Palker, T. J.,
Redfield, R., Oleske, J., Safai, B., White, G., Foster,
P. and Markham, P. D. Frequent detection and iso-
lation of cytopathic retroviruses (I ITLV-II I) from pa-
tients with AIDS and at risk for AIDS. Science 224
(1984) 500-502.

Montagnier, L., Gruest, J., Chamaret, S., Dauguet,
C., Axler, C., Guétard, D., Nugeyre, NI. T., Barrii-Si-
noussi, F., Chermann, J.-C., Brunet, J. B., Klatzmann,
D. and Gluckman, J. C. Adaptation of lymphadenop-
athy  associated virus (LAV) to replication in EBV-
transformed B lymphoblastoid cell lines. Science 225
(1984) 63-66.

" Katzmann, D., Barré-Sinoussi, F., Nugeyre, M. T.,
Dauguet, C., Vilmer, E., Griscelli, C., Brun-Vezinet,
C., Gluckman, J. C., Chermann, J.-C. and NIontagnier,
L. Selective tropism of lymphadenopathy associated
virus (LAV) for helper-induced T lymphocytes. Science
225 (1984) 59-63.

' 2 Fauci, A. S. Acquired immunodeficiency syn-
drome: epidemiologic, immunologic and therapeutic
considerations. Ann. Intern. Med. 110 (1984) 92-106.

Lane, H. C. and Fauci, A. S. Immunologic aspects
of acquired immunodeficiency syndrome. Adv. Host
Defense Mech. 5 (1985) 131-148.

" Acquired immunodeficiency syndrome—an as-
sessment of the present situation in the world: mem-
orandum for a WHO meeting. Bull. WHO 62 (1984)
419-432.

14001

10001

9000

8000

7000

6000

5000

4000

3000

2000

1000

0L
79^80^81^82^83^84^85

YEAR
FIG. 1. Numbers of patients reported yearly to the

U.S. Centers for Disease Control suffering from clinical
AIDS, together with total number of cases reported up
to September 1985. Data from footnote references 3
and 14.

tic pathogens appear to be members of the
normal nasopharyngcal, intestinal, and gen-
itourinary flora, and are able to invade the
tissues only after the normal T-cell defenses
have been depleted in some manner. Many
of these organisms have also been isolated
from leukemia, organ and bone-marrow
transplant, and cancer chemotherapy pa-
tients. 15- '

" Feld, R., Bodcy, G. P. and Groschel, D. Myco-
bacteriosis in patients with malignant disease. Arch.
Intern. Med. 136 (1976) 67-70.

16 Millar, J. W. and Home, NI. W. Tuberculosis in
immunosuppressed patients. Lancet 1 (1978) 1176-
1178.

' 7 Winston, D. J., Gale, R. P., Meyer, D. V. and
Young, L. S. Infectious complications of human bone
marrow transplantation. Medicine (Baltimore) 58
(1979) 1-31.
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PRIMARY CAUSE OF DEATH IN AIDS PATIENTS IN U.S.A. OPPORTUNISTIC PATHOGENS PRESENT IN AIDS PATIENTS

FIG. 2. Primary cause of death in AIDS patients diagnosed over the period 1981-1983. Total percentage of
infections in the right hand pie exceeds 100% because many patients were multiply infected with opportunistic
pathogens. Data from footnote references 12 and 14.

One unexpected finding to emerge from
the early AIDS autopsy data was the pres-
ence of disseminated M. aviunz'0 and M.
intracellulare infections in a surprisingly
high proportion of these patients.'" These
infections often present a picture of massive
tissue involvement 20 analogous to that not-
ed previously in human lepromatous
leprosy'' and bovine paratuberculosis. 22

Cultural studies quickly confirmed the pres-
ence of mycobacteria in the lungs, liver,
spleen, bone marrow, and intestines of these
patients who came from all of the major
high-risk groups (Table 1). On the average,
up to 40% of patients examined for acid-

18 Berlin, 0. G., Zakowski, P., Bruckner, D. A., Clan-
cy, M. N. and Johnson, B. L., Jr. Mycobacterium avi-
um: a pathogen of patients with acquired immuno-
deficiency syndrome. Diagn. Microbiol. Infect. Dis. 2
(1984) 213-218.

19 Welch, K., Finkbeiner, W., Alpers, C. E., Blu-
menfeld, W., Davis, R. L., Smuckler, E. A. and Beck-
stead, J. H. Autopsy findings in the acquired immune
deficiency syndrome. JAMA 252 (1984) 1152-1159.

Dryjanski, J. and Gold, J. W. M. Infections in
AIDS patients. Clin. Hematol. 13 (1984) 709-726.

21 Bullock, W. E. Immunobiology of leprosy. Comp.
Immunol. 8 (1981) 369-390.

22 Merkel, R. S. Paratuberculosis. Microbiol. Ser. 15
(1984) 1237-1250.

fast bacilli (AFB) were found to be culture
positive for M. avium complex (MAC) (Fig.
2), together with a few strains of Al. tuber-
culosis, Al. gordonae and M. ,fortuitum. 23

While some of these patients may have been
tuberculous-'' prior to their exposure to the
AIDS virus (especially those of Haitian or-
igin), surprisingly few cultures of virulent
tubercle bacilli were recovered from the
AIDS population as a whole. 25 Out of a total
of 421 AIDS patients examined in 30 sep-
arate investigations, only 46 (1 1%) were in-
fected with M. tuberculosis, and most of
them were Haitians living in Miami.'-` Cul-

23 Armstrong, D., Gold, J. W. M., Dryjanski, J.,
Whimbey, E., Polsky, B., Hawkins, C., Brown, A. E.,
Bernarad, E. and Kiehn, T. E. Treatment of infections
in patients with the acquired immunodeficiency syn-
drome. Ann. Intern. Med. 103 (1985) 738-743.

24 Pitchenik, A. E., Burr, J. and Cole, C. H. Tuber-
culin testing for persons with positive serologic studies
for HTLV-III. N. Engl. J. Med. 314 (1986) 447.

25 Pitchenik, A. E., Cole, C., Russell, B. W., Fischl,
M. A., Spira, T. J. and Snider, D. E., Jr. Tuberculosis,
atypical mycobacteriosis and the acquired immuno-
deficiency syndrome among Haitian and non-Haitian
patients in South Florida. Ann. Intern. Med. 101 (1984)
641-645.

26 Pitchenik, A. E. and Fischl, M. A. Disseminated
tuberculosis and the acquired immunodeficiency syn-
drome. Ann. Intern. Med. 97 (1983) 112.
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TABLE 1. Opportunistic pathogens, including M. avium complex recovered from AIDS
patients.

Patient population No. P.C.a K.S.h CMV' Mtbd MAC'
ly0

Mortality

Footnote
refer-
ence

Homosexual males 17 17 6 15 — I 4 100 106
Homosexual males 36 24 18 25 — 6 100 19
Homosexual males
Homosexual males

38
32

16
—

—
4

7
—

—
—

6
2

21
0

107
104

Homosexual males 5 2 — 4 — 5 80 108
Homosexual males 4 2 1 — — 4 100 109
Homosexual males 9 8 4 5 — 8 90 110
Homosexual males 13 8 10 12 — 1 100 1^1^1
Homosexual males 2 — — — — 2 100 112
Homosexual males 2 — 2 — — 2 50 103
Homosexual males 1 — — — — 1 0 113
Homosexual male 1 — 1 I — 1 100 114
Homosexual male 1 — 1 — — 1 100 40
Homosexual male 1 — — — — I 100 115
Homosexual male I — 1 — — I 0 116
Hemophiliac 1 1 — 1 — I 100 117
Hemophiliac 1 1 — — — 1 0 118
Haitian 45 — — — 27 5 — 25
Haitian 29 2 1 4 6 I 62 119
Haitian 20 7 I 4 7 1 50 120
Haitian 10 4 — — 6 1 60 121
Drug-abuse males 14 7 — 12 — 1 36 122
Male 1 1 — — 1 100 123
Males 7 — 1 — — 1 100 31
Males 30 21 — — 10 — 101
Female consorts 5 — 5 — 2 0 124
Female consorts 5 5 — — — 5 60 125
Various 71 — — — — 30 100 27
Various 13 — — — 8 — 126
Various 9 2 — — 9 — 29

Total 421 46 (11%) 122 (29%)

P.C. = Pneuniocystis carinii.
K.S. = Kaposi's sarcoma.
CMV = cytomegalovirus.

d Mtb = Al. tuberculosis.
MAC = Al. avium complex.

f — = Not reported.

tural and serological typing of the 168 my-
cobacterial isolates indicated that 3 out of
4 were members of the M. avium complex
(Table 1). In one recent study, 30/55 (55%)
of the AIDS patients were infected with M.
avium or M. intracellulare; 27 in another, 18/
36 (50%) were similarly infected. 20 Such in-
fections may precede clinical AIDS by
months or years, and arc sufficiently fre-
quent to justify routine tuberculin skin test-

" Kiehn, T. E., Edwards, F. F., Brannon, P., Tsang,
A. Y., Maio, M., Gold, J. W., Whimbey, E., Wong, B.,
McClatchy, J. K. and Armstrong, D. Infections caused
by Mycobacterium avium complex in immunocom-
promised patients: diagnosis by blood culture and fecal
examination, antimicrobial susceptibility tests, and
morphological and seroagglutination characteristics. J.
Clin. Microbiol. 21 (1985) 168-173.

ing of all HTLV-III/LAV antibody-positive
individuals. 24 The use of PPD-A and
PPD-B 28 could also be useful. Many of these
patients exhibit extensive lung and intesti-
nal involvement,'' with the tissue sections
being filled with large, foamy macrophages
packed with AFB. 29 This histological pic-
ture resembles that once seen in children
suffering with tuberculous ileitis after drink-
ing unpasteurized cow's milk, 3" in some

" Snider, D. E., Jr. The tuberculin skin test. Am.
Rev. Respir. Dis. 125 (1982) S108-118.

ze Damsker, B. and Bottone, E. J. Mycobacterium
avium - M. intracellulare from the intestinal tracts of
patients with acquired immunodeficiency syndrome:
concepts regarding acquisition and pathogenesis. J. In-
fect. Dis. 151 (1985) 179-181.

" Francis, J. Tuberculosis in Animals and Man.
London: Cassell and Co., 1958.
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cases of Whipple's disease," and in Johne's
disease in cattle. 22 A similar type of histo-
pathology has also been reported in tuber-
culous monkeys.

The data in Table 1 raise a number of
important questions regarding the role
played by these opportunistic mycobacteria
during the development of AIDS. The small
number of M. tuberculosis isolates (com-
pared to MAC) in the American patients''
was reversed in the Haitian AIDS popula-
tion, although they must have been just as
widely exposed to the atypical mycobactcria
as their American counterparts. The inci-
dence of nontuberculous mycobactcrial dis-
ease in both populations has not changed
greatly over the past two decades," sug-
gesting that infection by the atypical my-
cobacterial species should have been equal-
ly widespread in AIDS patients from both
countries. Possibly, the Haitians have a ge-
netic predisposition toward AI. tuberculosis
infections (childhood exposure to this or-
ganism is also known to be very high in
Haiti) but, at present, there is little direct
evidence for such a genetic effect."

MAC infections usually take the form of
a self-limiting lymphadenitis in infants and
young children." Al. scrofulaceum isolates
outnumber both M. avium and M. intro-
cellulare. 36 However, asymptomatic infec-
tions (colonization) of the nasopharyngeal
and intestinal membranes by the latter
species may be more widespread than com-
monly believed. 37 In the past, the presence

3 ' Roth, R. J., Owen, R. L. and Keren, D. F. AIDS
with Mycobacterami avium - intracellulare lesions re-
sembling those of Whipple's disease. (Letter) N. Engl.
J. Med. 309 (1983) 1324-1325.

" Good, R. C. Diseases in non-human primates. In:
The Mycobacteria —A Source Book. Kubica, G. P. and
Wayne, L. G., eds. New York: Marcel Dekker, Inc.,
1984, Part A, pp. 903-924.

" Farer, L. S., Lowell, A. M. and Meador, M. P.
Extrapulmonary tuberculosis in the United States. Am.
J. Epidemiol. 109 (1979) 205-217.

14 Fine, P. E. M. Immunogenetics of susceptibility
to leprosy, tuberculosis and leishmaniasis. An epide-
miological perspective. Int. J. Lepr. 49 (1981) 437-
454.

" Wolinsky, E. Nontuberculous mycobacteria and
associated diseases. Am. Rev. Respir. Dis. 119 (1979)
107-159.

" Codias, E. K. and Reinhardt, D. J. Distribution
of serotypes of the M. avizon - iiztracellulare - scrofula
ceum complex in Georgia. Am. Rev. Respir. Dis. 119
(1979) 965-970.

of atypical mycobacteria in clinical speci-
mens collected from apparently normal
adults has been accorded only minimal
pathologic significance. 18 However, with the
growing number of immunosuppressed pa-
tients in the community, this assumption
may no longer he valid, and the presence of
these AFB in lung3 ') or intestinal''' biopsy
material taken from high-risk and AIDS-
related complex (ARC) patients must now
be recognized as being diagnostic ofAIDS. 26

Intestinal involvement of immunocom-
petent adults by members of the MAC is
relatively unusual, 35 but may be more com-
mon in ARC patients.'' Colonization prob-
ably follows the ingestion of contaminated
food or water.'' It usually leads to systemic
involvement only after the local cellular de-
fenses have been depleted in this case by
the HTLV-III/LAV infection. 4 ' If the op-
portunistic pathogen can cross the intestinal
or bronchial mucosae, it will drain to the
lymphatics and enter the bloodstream."
From there, the infection spreads to the lungs
to produce a life-threatening tuberculous
pneumonia in the immunodepressed pa-
tient.'"

The dearth of M. tuberculosis and M.
kansasii infections in these patients cannot
be readily explained, and may indicate some
kind of potentiative relationship between
the MAC and AIDS." The present review
examines some of these possible relation-

Tsukamura, M. Clinical significance of casual iso-
lation of acid-fast organisms from sputum of tuber-
culosis patients. Am. Rev. Respir. Dis. 108 (1973) 1429-
1430.

" Atwell, R. J. and Pratt, P. C. Unclassified myco-
bacteria in gastric contents of healthy personnel and
patients of a tuberculosis hospital. Am. Rev. Respir.
Dis. 81 (1960) 888-892.

39 Hopewell, P. C. and Luce, J. M. Pulmonary in-
volvement in the acquired immunodeficiency syn-
drome. Chest 87 (1965) 104-112.

4° Strom, R. L. and Gruninger, R. P. AIDS with
Mycobacterium avium - intracellulare lesions resem
bling those of Whipple's disease. (Letter) N. Engl. J.
Med. 309 (1983) 1323-1324.

41 Mosier, D. E., Yetter, R. A. and Morse, H. C.
Retroviral induction of acute lymphoproliferative
disease and profound immunosupprcssion in adult
C57BL/6 mice. J. Exp. Med. 161 (1985) 766-784.

42 Collins, F. M. Cellular antimicrobial immunity.
CRC Crit. Rev. Microbiol. 7 (1979) 27-91. [496 ref.]

Sinkovics, J. G., Gyorkey, F., Melinick, J. L. and
Gyorkey, P. Acquired immune deficiency (AIDS);
speculations about its etiology and comparative im-
munology. Rev. Infect. Dis. 6 (1984) 745-760.
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TABLE 2. Distribution of M. tuberculosis, M. kansasii, and M. avium complex in
normal, immunosuppressed, and AIDS patients.

Population^No. patients
Case rate
per 105
per year

Mycobacterial isolates
Footnote

AI. tuber -

culosis 'II. kansasii M. av ium reference

Normal U.S.A. —" 14 90% 5% 14% 127
High risk U.S.A. — 270 70% 15% 11% 28
Normal Japan — 50 95% — 4% 37
Normal Haitian — 650 98% — 5% 25
Tuberculosis U.K. 100 — 70% — 27% 127
Tuberculosis U.S.A. 100 — 85% 3-10% 3% 47
Tuberculosis Japan 40 — 30% — 70% 84
Tuberculosis U.S.A. 576 — 32% 42% 20% 128
Atypical U.S.A. 340 — — 66% 33% 57
Atypical Japan
Immunodepressed patients

537 2 — 8% 90% 84

Renal disease 172 — 7% — — 54
Kidney transplant 13 — 60% 7% 25% 129
Cancer patients 162 — 75% 14% 13% 130
Silicotics 83 — 12% I 0% 4% 55

AIDS patients
Homosexual 77 — 5% 9% 40%6
Hemophiliac 2_ — 0% 0% 100%6
Drug abuser 52 10% 0% 25%6
Female consort 10 — 0% 0% 70V
Haitian 59 — 35% 0% 5%b

— = Not reported.
Consolidated data taken from Table I.

ships using an experimental mouse infection
model to explore the nature of the host-
parasite interactions as they develop in nor-
mal and immunosuppressed animals. This
could provide a better assessment of the po-
tential role played by these opportunistic
pathogens during the development of the
terminal stages of this important new hu-
man immunodeficiency disease.

MAC infections seen in normal
individuals

Pulmonary tuberculosis is usually caused
by M. tuberculosis," but about 5% of these
infections arc due to a number of atypical
mycobacterial species. 35 More than half of
these isolates have been classified as M.
kansasii, 45 while most of the rest are mem-
bers of the MAC. 4(' Tuberculin skin testing

" Tuberculosis—United States 1984. Morb. Mort.
Wkly. Rep. 34 (1985) 299-307.

" Ahn, C. H., Lowell, J. R., Onstad, G. D., Shuford,
E. H. and Hurst, G. A. A demographic study of disease
due to Mycobacterium kansasii or M. itztracellzdare-
arium in Texas. Chest 75 (1979) 120-125.

" Chapman, J. S. The atypical mycobacteria. Am.
Rev. Respir. Dis. 125 (1982) S119-124.

using PPD-A and PPD-B, 2 ° as well as iso-
lation data obtained from around the coun-
try," indicate a widespread (though usually
low grade) exposure to these organisms, most
of which are probably of environmental or-
igin. 46 However, some of them may be pri-
mary bird and animal pathogens. 4" Most
normal adults are resistant to systemic in-
fection by these organisms although several
small outbreaks of MAC disease have been
reported."• 50 . 51 This suggests that exposure

47 Good, R. C. and Snider, D. E. Isolation of non-
tuberculous mycobacteria in the United States, 1980.
J. Infect. Dis. 146 (1982) 829-833.

" Falkinham, J. 0., Parker, B. C. and Gruft, H. Ep-
idemiology of infection by nontuberculous mycobac-
teria. I. Geographic distribution in the eastern United
States. Am. Rev. Respir. Dis. 121 (1980) 931-937.

4' Meissner, G. and Anz, W. Sources of IL arium
complex infection resulting in human disease. Am. Rev.
Respir. Dis. 116 (1977) 1057-1064.

5" Rosenzweig, D. Y. Pulmonary mycobacterial in-
fections due to Mycobacterium intracellulare - aviuta
complex. Chest 75 (1979) 115-119.

51 Weisenthal, A. M., Powell, K. E., Kopp, J. and
Splinter, J. W. Increase in M. avium-complex isolates
among patients admitted to a general hospital. Public
Health Rep. 97 (1982) 61-65.
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to these opportunistic pathogens occurs in
many parts of this country, and that colo-
nization of the bronchial and intestinal
membranes may be quite frequent," espe-
cially in heavy smokers or individuals suf-
fering from chronic bronchitis or colitis."
However, few of these mucosal "infections"
go on to produce active lung disease unless
some other potentiating factor (emphyse-
ma, silicosis, Hodgkin's disease) is also
present."

One of the most intriguing questions to
emerge from these studies is: Why should
a relatively rare group of opportunistic my-
cobacteria infect the lungs (and intestines)
of so many AIDS patients coming from var-
ious parts of the country and all of the major
high-risk groups? If it were simply a matter
of the virally induced T-cell depletion en-
hancing susceptibility to intracellar patho-
gens in general, one would expect to find
more Al. tuberculosis and Al. kansusil in-
fections in both AIDS and chemotherapy
patients. In fact, more than 60% of myco-
bacterial isolates from silicotic and terminal
renal failure patients are Al. tuberculosis or
M. kansasii. 54 ' 55 On the other hand, those
cancer and transplant patients who are in-
fected with MAC 15 . '' seem to yield domi-
nant serotypes which are different from those
found in AIDS." Finally, M. scrofillaceum
infections are relatively common in young
children," but are virtually absent 'from
AIDS and leukemia patients." Thus, the
distribution pattern for mycobacteria in both
ARC and AIDS patients fails to conform to
that predicted on the basis of infections seen
in the rest of the population (Table 2).

5'_ ^E. Non-specific sensitization to old tuber-
culin: asymptomatic infection with mycobacteria. Tu-
bercle 46 (1965) 270-272.

" Wolinsky, E. When is an infection disease? (Edi-
torial) Ref. Infect. Dis. 3 (1981) 1025-1027.

54 Andrew, 0. T., Schoenfield, P. Y., Hopewell, P.
C. and Humphreys, M. H. Tuberculosis in patients
with end-stage renal disease. Am. J. Med. 68 (1980)
59-65.

" Bailey, W. C., Brown, M., Bucchner, H. A., Weill,
H., Ichinose, H. and Ziskind, M. Silico-mycobacterial
disease in sandblasters. Am. Rev. Respir. Dis. 110
(1974) 115-125.

Saitz, E. W. Cervical lymphadenitis caused by
atypical mycobacteria. Pediatr. Clin. North Am. 28
(1981) 823-839.

" Lincoln, E. M. and Gilbert, L. A. Disease in chil-
dren due to mycobacteria other than If. tuberculosis.
Am. Rev. Respir. Dis. 105 (1972) 683-714.

The MAC consists of at least 31 sero-
types," most of which are environmental
(soil and water) species." Some of the more
virulent of these serotypes may invade the
nasopharyngeal, bronchial, and intestinal
membranes of normal individuals,'"' result-
ing in some local inflammation which may
be detected by means of fiber optic exam-
ination or by culturing biopsy speci-
mens."'" Detection of small numbers of
AFB in specimens collected from appar-
ently normal individuals is a technically de-
manding procedure, especially if their pres-
ence is only ephemeral and the specimen is
heavily contaminated with commensal or-
ganisms."' However, many ARC patients
develop chronic diarrhea as their disease
progresses, and these individuals may ex-
crete large numbers of AFB in their feces,
greatly simplifying this diagnostic proce-
dure. 62

The recovery of MAC serotypcs 1, 4, and
8 from so many AIDS patients" could sim-
ply reflect their higher virulence for man
and experimental animals, compared to that
for other serotypes. 4 `) Significantly, these
same serotypes have also been isolated from
a number of cases of simian AIDS." How-
ever, the presence of AI. avium in AIDS
patients from New York, Miami, and San
Francisco (and the corresponding lack of AI.

" McClatchy, J. K. The seroagglutination test in the
study of nontuberculous mycobacteria. Rev. Infect. Dis.
3 (1981) 867-870.

" Caya, J. G., Cohen, E. B., Allcndorph, M. M., et
al. Atypical mycobacterial and cytomegalovirus infec-
tion of the duodenum in a patient with acquired im-
munodeficiency syndrome: cndoscopic and histopath-
ologic appearance. Wisconsin Med. J. 83 (1984) 33-
36.

6" Stover, D. E., White, D. A., Romano, P. A. and
Gellene, R. A. Diagnosis of pulmonary disease in ac-
quired immune deficiency syndrome (AIDS). Role of
bronchoscopy and bronchoalveolar lavage. Am. Rev.
Respir. Dis. 130 (1984) 659-662.

61 Runyon, E. H., Karlson, A. G., Kubica, G. P. and
Wayne, L. G. Mycobacterium. In: Manual of Clinical
Microbiology. 2nd ed. Washington, D.C.: American
Society for Microbiology, 1974, pp. 148-174.

62 Burnham, W. R., Lennard-Jones, J. E., Stanford,
J. L. and Bird, R. G. Mycobacteria as a possible cause
of inflammatory bowel disease. Lancet 2 (1978) 693-
696.

Henrickson, R. V., Maul, D. H., Osborn, K. G.,
Sever, J. L., Madden, D. L., Ellingsworth, L. R., An-
derson, J. H., Lowenstine, L. J. and Gardner, M. B.
Epidemic of acquired immunodeficiency in rhesus
monkeys. Lancet 1 (1983) 388-390.
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kansasii) does reflect known differences in
the distribution of these organisms across
the United States.47 The question then be-
comes: Do these atypical mycobacteria be-
have as simple opportunistic bystanders in
these patients, or do they also make a direct
contribution to the immunodepression ini-
tiated by the retroviral infection'? Put
another way, does the HTLV-III/LAV in-
fection simply increase the frequency and
severity ofexisting mycobacterial infections
by depleting those T-cell defenses which,
until then, had limited the systemic spread
of the infection, or does the Al. avium pop-
ulation actively contribute to the immu-
nosuppressive process? If the latter is true,
then why do only three M. milli)! serotypes
seem to provide the secondary infectious
stimulus needed to drive the ARC patient
into the terminal stage of this disease? One
possible explanation could be the presence
of specific receptors on Al. avium and AI.
intracellulare which permit them to adhere
preferentially to nasopharyngeal or intesti-
nal mucosal cells, thus allowing more effec-
tive colonization of those membranes. The
more virulent MAC serotypes thus persist
within the tissues where the presence of some
unique metabolic or antigenic factor allows
them to interact during the final immuno-
suppressive phase of the disease more ef-
fectively than other mycobacterial species.
The immunological characteristics of AIDS
differ substantially from those seen in most
other immunodeficiency diseases," and it
may be that a secondary infectious .'" and
allogenic stimulus"' is necessary before the
immunosuppression characteristic of AIDS
can reach life-threatening proportions.' 3 At
present, it is unclear how much this disease
depends upon the nature of this secondary
stimulus and how much on the immuno-
suppressive effect of the AIDS-virus infec-
tion per se. 4 In an attempt to obtain answers

" Fahey, J. L., Prince, H., Weaver, NI., Groopman,
J., Visscher, B., Schwartz, K. and Detels, R. Quanti-
tative changes in T helper or T suppressor/cytotoxic
lymphocyte subsets that distinguish acquired immune
deficiency syndrome from other immune subset dis-
orders. Am. J. Med. 76 (1984) 95-100.

" Tung, K. S. K., Koster, F., Bernstein, D. S., Krie-
bel, P. W., Payne, S. M. and Shearer, G. M. Elevated
allogeneic cytotoxic T lymphocyte activity in periph-
eral blood leukocytes of homosexual men. J. Immunol.
135 (1985) 3163-3171.

to this last point, some of the interactions
which occur between M. avium and the cel-
lular defenses of increasingly immunosup-
pressed mice will be examined.

MAC infections in the
immunosuppressed host

Different Al. avium and Al. intracellulare
serotypes can vary extensively in their abil-
ity to multiply and survive within the tis-
sues of intravenously challenged mice (Fig.
3). Al. avium TMC 724 (serotype 2) was
selected as the most mouse-virulent strain
available. It will induce a slowly progressive
lung and spleen infection which eventually
kills most of the animals." Other Al. avium
strains (such as TMC 702) will produce per-
sistent infections, but little active growth of
the organisms occurs in either the lungs or
the spleen (Fig. 3). On the other hand, M.
intracellulare serotypes 14 and 16 fail to
establish active systemic infections in any
of the test organs,`'' even when injected in
very large doses." The reason(s) for these
differences in growth behavior are still un-
clear, but seem to correlate with colony
morphology (flat, translucent vs opaque,
domed) and antigenic composition."' 70

However, the nature of these so-called "vir-
ulence" factors remains elusive, and may
also involve some host responses" which
makes comparison of virulence data ob-
tained in different laboratories more diffi-
cult to evaluate objectively.

Most human isolates ofAf. avium are also
virulent for mice, rabbits, and monkeys. 49

On the other hand, most Al. intracellulare
strains are far less virulent for experimental

66 Collins, F. M., Morrison, H. E. and Nlontalbine,
V. Immune response to persistent mycobacterial in-
fection in mice. Infect. Immun. 19 (1978) 430-438.

67 Schaefer, W. B. Incidence of serotypes of M. (ilium
and atypical mycobacteria in human and animal dis-
ease. Am. Rev. Respir. Dis. 97 (1968) 18-23.

" Watson, S. A. & Collins, F. M. The specificity of
suppressor T cells induced by M. cilium infections in
mice. Clin. Exp. Immunol. 43 (1981) 10-19.

69 Brennan, P. J. Antigenic peptidoglycolipids, phos-
pholipids and glycolipids. Microbiol. Series 15 (1984)
467-490.

70 Schaefer, W. B., Davis, C. L. and Cohn, M. L.
Pathogenicity of translucent, opaque and rough vari-
ants of M. anion, in chickens and mice. Am. Rev.
Respir. Dis. 102 (1970) 499-506.

7 ' Segal, W. Growth dynamics of in vivo and in vitro-
grown mycobacterial pathogens. Microbiol. Series 15
(1984) 547-573.



M. avitop. 724
8

6 ^
10 —m^

8
o Control
• T cells

■Sp cells

20^40^GO^80 100

466^ International .Journal qt . Lepravy^ 1986

I

2
0^2^4^6^0^2^4^6

TIME IN MONTHS

FIG. 3. Growth curves for M. avium,M. intracel-
!Ware, and M. scrofillaceum in intravenously infected
116D2 hybrid mice. A = lungs; ■ = spleen. Standard
error for 5 determinations per time point was usually
less than 10% of the mean. Numbers of deaths were
recorded up to 12 months following challenge.

animals, and can be eliminated from the
normal host with little sign of an acquired
immunity.'' The mouse virulent strain of

intracellulare (D673) will induce an ini-
tial cellular response, followed by a 'pro-
longed period of antigenic unresponsive-
ness with minimal signs ofa cellular response
by the host defenses.'' This lack of anti-
microbial resistance in the MAC-infected
host contrasts sharply with that seen when
equivalent numbers of virulent tubercle ba-
cilli or BCG are introduced into the tis-
sues.' This persistently unresponsive state
has been variously ascribed to the devel-

" Collins, F. M. Kinetics of the delayed-type hy-
persensitivity response in tuberculous guinea pigs and
mice tested with several mycobacterial antigen prep-
arations. Am. Rev. Respir. Dis. 127 (1983) 599-604.

" Collins, F. M. and Watson, S. R. Immune re-
sponses to atypical mycobacterial lung infections. Rev.
Infect. Dis. 3 (1981) 981-989.

74 Collins, F. M. Tuberculosis. In: Bacterial ac-
cines. Germanier, R., ed. New York: Academic Press,
1984, pp. 373-418.

TIME IN DAYS
FR;. 4. Growth curve for M. anion! 724 in intra-

venously infected normal 136D2 hybrid mice (top).
Spleens were removed at intervals during the infection,
and whole spleen cells (■) and T-ccll enriched (0) sus-
pensions were tested for blastogenic activity to PHA
in vitro.

opment of an infectious tolerance, 75 to some
sort of antigenic "overload" phenome-
non, 76 or to the development of a popula-
tion of suppressor cells within the heavily
infected spleen. 77 The concomitant loss of
tuberculin hypersensitivity by these mice can
be correlated with a sharp reduction in mi-
togenic responsiveness when spleen cells
from the anergic host are exposed to PHA
or PPD in vitro." This sharp decline in tri-
tiated thymidine ( 3 H-TdR) uptake (70% or
more) coincides with the beginning ofa pro-
longed plateau in the growth curve (Fig. 4).
However, as the infection continues, so the
3 H-TdR uptake rate slowly returns toward
control levels, despite the continued pres-

Gershon, A. R. K. and Kondo, L. Infectious im-
munological tolerance. Immunology 21 (1971) 903-
914.

' Rook, G. A. W. The immunological consequences
of antigen "overload" in experimental mycobacterial
infections in mice. Clin. Exp. Immunol. 19 (1975) 167-
178.

7 ' Watson, S. R. and Collins, F. M. Development of
suppressor T cells in mice heavily infected with my-
cobacteria. Immunology 39 (1980) 367-373.
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ma1, 8 ' and its relevance to human AIDS
remains in doubt.

Galt^The virulence of many mycobacteria de-
pends on the medium and the age of the

lg^culture used to prepare the inoculum. 82 Pre-
Sp sumably, these differences depend on nu-

tritional, metabolic, and antigenic varia-
tions in the resulting cell suspensions. In
vivo-grown cells also differ in their virulence
from the corresponding in vitro -grown
preparations. 71 Much of this effect can be
explained as differences in the degree of dis-
persion of the two preparations. Substantial
differences also occur if the challenge in-
oculum is introduced into the tissues by dif-
ferent routes. 83 For instance, intravenous
injection of 10 6 viable mycobacteria into
normal B6D2 hybrid mice results in lung
and splenic growth curves which differ sub-
stantially from those seen when the same
inoculum is introduced via the foot pad
route (Collins and Stokes, unpublished data).
On the other hand, if equivalent numbers
of tubercle bacilli (10 3 to 10 4 CFU) are in-
troduced into the lungs by the aerogenic and
intravenous routes, extensive growth will
occur in the lungs of both groups of animals
but the resulting disease will be much more
severe in the aerogenic group, with death
usually occurring in a matter of weeks in-
stead of months. On the other hand, if the
mice were challenged orally, very large dos-
es of viable bacilli (10 8 to 10' CFU) would
be required in order to infect the gut-asso-
ciated lymphoid tissues, even in a highly
susceptible strain of mouse. The resulting
systemic infection will be relatively indolent
but eventually some systemic spread does
occur (Fig. 5). Similar data were obtained
using the mouse virulent strain oil/. intro-
cellulare D673, but not when the non-per-

Galt

0^1^2^3 0

TIME IN MONTHS
FIG. 5. Growth of M. avoin; 724 (top left), .11. in-

tracellulare 673 (top right), ,Af. intracellulare1406 (bot-

tom left), and .scrnfitlaceunt 1306 (bottom right)

following intragastric inoculation of C57BL/b mice with

approximately 10 8 viable units in 0.2 ml of 5% bicar-

bonate solution. Q = gut-associated lymphoid tissues

(GALT) Pcyer's patches and mesenteric lymph nodes;

■ = spleen; • = lungs.

once of large numbers of viable mycobac-
teria within the spleen. Cell-mixing exper-
iments indicate that both T cells and
adherent cells (macrophages) harvested from
these heavily infected animals will block the
mitogenic and allogenic activity of an in-
dicator T-cell suspension taken from nor-
mal donors!' 8 However, much of this pu-
tative suppressor cell activity can be reversed
by the addition of an exogenous source of
interleukin-2 (IL-2) to the culture medium,
suggesting that the suppression may be due
to the absorption or destruction of this es-
sential T-cell growth factor by activated cells
present in the heavily infected spleen. 75 Non-
persister MAC strains do not induce this
type of suppression, 7 " and spleen cells taken
from these mice may even be mildly stim-
ulatory when assayed in this system.`" How-
ever, it is still not clear whether this in vitro
data can be extrapolated to the whole ani-

" Orme, I. M., Ratcliffe, M. J. H. and Collins, F. M.
Acquired immunity to heavy infections with M. bovi.s .

(BCG) and its relationship to the development of non-
specific unresponsiveness in vitro. Cell. Immunol. 88
(1984) 285-296.

" Hepper, K. P. and Collins, F. M. Immune re-
sponsiveness of mice heavily infected with H. kansasii.
Immunology 53 (1984) 357-364.

B 0 Hepper, K. P. and Collins, F. M. Adoptive transfer
ofacquired resistance to M. kansasii infection by splen-
ic T cells harvested from chronically infected mice.
Immunology 53 (1984) 819-825.

8 ' Orme, I. M. and Collins, F. NI. Immune response
to atypical mycobacteria: immunocompetence of
heavily infected mice measured in vivo fails to sub-
stantiate immunosuppression data obtained in vitro.
Infect. Immun. 43 (1984) 32-37.

" Collins, F. M., Wayne, L. G. and Montalbine, V.
The effect of cultural conditions on the distribution of
M. tuberculosis in the spleens and lungs of specific
pathogen-free mice. Am. Rev. Respir. Dis. 110 (1974)
147-156.

Collins, F. M. and Montalbine, V. Relative im-
munogenicity of streptomycin-susceptible and -resis-
tant strains of BCG. II. Effect of the route of inoculation
on growth and immunogenicity. Am. Rev. Respir. Dis.
111 (1975) 43-51.
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sistent Al. haracellulare TMC 1406 or
serolillaccum TMC 1306 were used. Pre-
sumably, the avirulent MAC strains were
inactivated as fast as they were able to cross
the intestinal mucosa.

The relevance °Hills oral mouse infection
data to the human AIDS patient remains
largely speculative at this time. However, it
seems likely that AI. avium enters the body
via the respiratory or intestinal mucosae. In
most cases, the resulting colonization pro-
duces nothing more than a self-limiting
lymphadenitis." However, the continued
entry of the MAC antigen(s) into the mu-
cosa-associated lymphoid tissues (MALT)
could induce a state of specific immune tol-
erance or feedback suppression within the
host." In effect, the virulent Al. avium be-
comes a part of the commensal nasopharyn-
geal or intestinal flora which causes this an-
tigenic unresponsiveness to continue
indefinitely, just as it does in other chronic
human diseases such as lepromatous lep-
rosy, systemic leishmaniasis, and mucocu-
taneous candidiasis. 2 ' Experimentalaly, this
type of effect can be induced by heavily in-
fecting normal mice with 11. avium TMC
724 or M. intracellulare D673." This type
of experimental model may, therefore, be
useful in the study of some of the immu-
nological parameters associated with the de-
velopment of this type of acquired immu-
nodeficiency.

Effect of immunodepletion on the
growth and survival of MAC in vivo

Virulent mycobacteria can survive within
normal mouse macrophages, multiplying
intracellularly until they kill the phago-
cyte.' Following inoculation, the challenge
organisms are quickly taken up by the res-
ident tissue macrophages to establish a pri-
mary granuloma or tubercle by drawing large
numbers of blood-derived monocytes into
the developing lesion.'' During this process,

" Tsukamu ra , M., Shimoide, H., Kita, N., Kawa-
kami, K., Ito, T., Nakajima, N., Kondo, H., Yama-
moto, Y., Matsuda, N., Tamura, M., Yoshimoto, K.,
Shirota, N. and Kuse, A. Epidemiological studies of
lung disease due to mycobacteria other than .Ifyco-
bacterium tuberculosis in Japan. Rev. Infect. Dis. 3
(1981) 997-1007.

" Waksman, B. H. Tolerance, the thymus and sup-
pressor T cells. Clin. Exp. Immunol. 28 (1977) 363-
374.

many of the macrophages become suffi-
ciently nonspecifically activated to restrict
the further intralesional growth of the
pathogen, and the growth curve passes into
a prolonged plateau.''' However, these
phagocytic cells cannot eliminate the viru-
lent mycobacteria from the tissues, a pro-
cess which requires the entry of specifically
sensitized T cells into the granuloma. 74 On
exposure to the specific sensitin, these cells
release lymphokines which can immuno-
logically arm the macrophage in such a way
that it kills the pathogen." Depletion of the
host of its T-cell population prior to chal-
lenge has little effect on the early stages of
the infection (phagocytosis and granuloma
formation), but will ablate the cell-mediated
immunity (CMI) needed to eliminate the
pathogen from the tissues. Many of these
T-cell-depleted mice die from an uncon-
trolled, ongoing lung infection, with pro-
gressive tissue consolidation and fibrosis.
Tissue sections prepared from these mice
are filled with foamy macrophages packed
with AFB." However, the spleens of these
animals can still express substantial levels
of nonspecific antibacterial activity against
an unrelated intracellular pathogen such as
Listeria monocytogenes. 7 ` ) For this reason,
it is important to distinguish between non-
specific and specific macrophage activity in
the lungs and spleen, especially when using
inherently resistant and susceptible inbred
strains of mice. For instance, both resistant
(A/J) and susceptible (BALB/c) mice pos-
sess equivalent numbers of T cells and mac-
rophages within their spleens and peritoneal
cavities, so that the reasons for the striking
differences in the growth of M. avium in
these two strains of mouse is still not clearly
understood (Stokes, unpublished data). This
effect should be taken into account when
comparing virulence data obtained in mice
from differing genetic backgrounds."'

T-cell depletion greatly enhances the se-
verity of a tuberculous challenge," even by

86 Morrison, N. E. and Collins, F. M. Immunoge-
nicity of an aerogenic 13CG vaccine in T-cell depleted
and normal mice. Infect. Immun. 11 (1975) 1110-1121.

" Goto, Y., Nakamura, R. NI., Takahashi, H. and
Tokunaga, T. Genetic control of resistance to H. in-
tracellulare infection in mice. Infect. Immun. 46 (1984)
135-140.
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an attenuated species such as BCG which
induces a potentially lethal mycobacteriosis
in severely immunosuppressed individu-
als. 74 When normal mice are depleted of
their T-cell defenses (usually by thymecto-
my and lethal irradiation, but also by the
use of congenitally athymic mice), viable
BCG will persist within the lymphoreticular
organs for many months, with little or no
sign of either tuberculin hypersensitivity or
acquired antituberculous immunity." As a
result, many of these mice will die from a
widely disseminated disease unless the cel-
lular defect is reversed by an infusion of
immunocompetent T cells harvested from
an immunized donor."

When T-cell-depleted mice are chal-
lenged with a virulent strain of Al. cilium,
little difference is seen in early growth be-
havior within the immunodeficient host
compared to the normal controls (Fig. 6).
However, after about 40 days of infection,
the growth curve for the athymic mouse lung
increases sharply and many of these mice
ultimately die. Bacterial growth within the
thymectomized-irradiated (Thxb) mouse is
not as greatly affected, and most of these
animals will survive the challenge despite
the presence of large numbers of viable my-
cobacteria within the lung and spleen at the
completion of the experiment.

One of the most puzzling features about
the MAC infections seen in the AIDS pa-
tient population has been the lack of M.
scrofulaceum isolates, despite its known
presence both in the environment" and in
pediatric populations. 56 Normal mice are
highly resistant to infection with M. scrofie-
laceum (Fig. 3), so attempts were made to
infect T-cell-depleted mice with this species
using Al. vaccae as a known avirulent con-
trol."" Both organisms were eliminated from
nude and Thxb mice with no obvious dif-

" Ueda, K., Yamazaki, S. and Someya, S. Experi-
mental mycobacterial infection in congenitally athy-
mic "nude" mice. J. Reticuloendothel. Soc. 19 (1976)
77-90.

' 9 Orme, I. M. and Collins, F. M. Protection against
Al. tuberculosis infection by adoptive immunotherapy.
J. Exp. Med. 158 (1983) 74-83.

90 Watson, S. R., Morrison, N. E. and Collins, F. M.
Delayed hypersensitivity responses in mice and guinea
pigs to Al. leprae„If. vaccae, Al. tzotichrommtetticum
cytoplasmic proteins. Infect. Immun. 25 (1979) 229-
236.

ference from the control response. Presum-
ably, the nonpersister MAC species were
inactivated by a nonspecific killing mech-
anism which could not be enhanced by T-cell
depletion. 83 For this reason, M. scrol-
ulaceum would not be expected to induce

Ho. 6. a = Growth of Al. avium 724 in nu/nu (s),
Thxb (■), or normal (A) mouse spleens (^) or lungs
(— — —) following an intravenous challenge. b =^scroll
ulaceum -challenged mice. c =^vaccae -challenged
mice.
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disseminated lung or bowel disease in either
ARC or AIDS patients.'-'

It is still not clear whether the HTLV-II I/
LAV-induced T-cell depletion allows the
MAC species to invade the gut or lung mu-
cosae or merely exacerbates an already es-
tablished involvement into life-threatening
proportions. However, atypical mycobac-
teria have been isolated from bone-marrow
biopsy samples taken from some ARC pa-
tients,"' suggesting that these infections may
be already established within the tissues be-
fore the AIDS virus plays a direct immu-
nosuppressive role in the development of
this disease.

Potentiative effects of MAC
infections in ARC patients

Clinical AIDS usually develops after some
sort of secondary infectious or alloantigenic
stimulus which drives the disease into its
terminal phase. 92 Concomitant infections
with cytomegalovirus, herpes, or hepatitis
B virus may provide such a trigger in many
homosexual AIDS patients,' but other bac-
terial, fungal, and parasitic agents are also
likely to perform this function. 14 The more
virulent M. avium serotypes appear to be
especially effective in providing this kind of
immunosuppressive trigger, possibly by
disrupting normal lymphocyte recirculation
patterns and thereby reducing the ability of
the host to mount an effective T-cell'-me-
diated response.' They can also act as po-
tent polyclonal B-cell activators, resulting
in a persistent hyper-gammaglobulinemia,
with excess antigen-antibody complex for-
mation and a reduced CMI." 4 In effect, this
systemic MAC infection deflects an already
limited T-cell resource in the AIDS-virus-
infected individual into an enhanced, though
nonprotective humoral response (a char-

91 Pitchenik, A. E. and Robinson, H. A. The radio-
graphic appearance of tuberculosis in patients with ac-
quired immune deficiency syndrome (AIDS) and pre-
Aids. Am. Rev. Respir. Dis. 131 (1985) 393-396.

Fauci. A. S. and Lane, H. C. The acquired im-
munodeficiency syndrome (AIDS): an update. Int. Arch.
Allergy Appl. Immunol. 77 (1985) 81-88.

" Bullock, W. E., Evans, P. E., and Filomeno, A. R.
Impairment of cell-mediated immune responses by in-
fection with Mycobacterium lepraemurium. Infect. I m-
mun. 18 (1977) 157-164.

94 Bloom, B. R. and Mehra, V. Immunological un-
responsiveness in leprosy. Immunol. Rev. 80 (1984)
5-28.

acteristic also noted in lepromatous leprosy
patients).'' The HTLV-III/LAV virus also
acts as a potent 13-cell mitogen, and the two
effects may combine in an immunological
defect not unlike that of systemic lupus er-
ythematosus."

Conclusions
The interrelationships which may exist

between MAC and AIDS can be summa-
rized as follows:

The relationship may be entirely fortui-
tous. The MAC are widely distributed
throughout the environment, 48 and silent
infections caused by aerosols of these op-
portunistic pathogens may be relatively
common in many communities," 5 judging
from the widespread tuberculin hypersen-
sitivity expressed against PPD-A and PPD-13
observed in a number of epidemiological
surveys. 28 Thus, the presence of the MAC
in AIDS patients from New York, Miami,
and San Franciso could simply reflect this
widespread natural geographic distribution.
However, one would also expect a larger
number of AI DS patients to be infected with
Al. kansasii, Al. gordonac or M. fortuituni,
since these species are just as widely dis-
tributed in the community. 47

Tolerance induction by intestinal MAC
infections. A relatively small number of Al.
arium serotypes (1, 2, 4, 8, 12, and 16) seem
to be responsible for most of the nontuber-
culous infections seen in normal adults. 58

These strains are also more virulent for
chickens, rabbits, pigs, and monkeys.`' MAC
infections are not uncommon in children,"
and so it seems likely that silent coloniza-
tion of the bronchial membranes by these
organisms may be relatively common in the
pediatric population.'" The more virulent
serotypes should also have some survival
advantage, since they would be present for
longer periods of time within the lymphoid
organs of the normal host. The continued
presence of their sensitin(s) within the mu-
cosa-associated lymphoid tissues could in-

" Paramasivan, C. N., Govindan, D., Prabhakar, R.,
Somasundaram, S., Subbammal, S. and Tripathy, S.
P. Species level identification of non-tuberculous my-
cobacteria from South Indian BCG trial area during
1981. Tubercle 66 (1985) 9-15.

96 Romanus, V. Childhood tuberculosis in Sweden.
Tubercle 64 (1983) 101-110.
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FIG. 7. Possible interactions between HTLV-III/LAV and various opportunistic pathogens during the evo-

lution of acquired immune deficiency syndrome. EBV = Epstein-Barr virus; CMV = cytomegalovirus; HBV =
hepatitis B virus; MAC = M. arium complex; K. S. = Kaposi's sarcoma; P.C. = Pneumocystis carinii; Toxopl. =
taxoplasma; M.tb. = M. tuberculosis.

duce a persistent immune tolerance within
the host. 85 This would, in turn, reduce the
ability of the host to respond effectively
against a subsequent re-infection by the same
organism (Fig. 7). Intestinal colonization of
normal healthy individuals by these oppor-
tunistic mycobacteria would be very difficult
to detect, since they induce little obvious
signs of inflammation or gut pathology. 29

The more virulent MAC serotypes will per-
sist more effectively within the gut-associ-
ated lymphoid tissue (GALT) organs (Fig.
5), and so produce a more substantial sys-
temic disease once the HTLV-III/LAV in-
fection begins to deplete the T-cell defenses.

The systemic MAC infection will also in-
duce a substantial T-cell proliferative re-
sponse on the part of the host defenses"' 8 '

which provide an expanded source of acti-
vated T cells for the HTLV-III/LAV virus
to multiply in." Several investigators have

" McDougal, J. S., Mawle, A., Cort, S. P., Nicholson,
J. K. A., Cross, G. D., Scheppler-Campbell, J. A., Hicks,
D. and Sligh, J. Cellular tropism of the human retro-
virus HTLV-III/LAV. I. Role of T cell activation and
expression of the T4 antigen. J. Immunol. 135 (1985)
3151-3162.

noted that enhanced allogenic and parasit-
ically induced T-cell activation occurs in
many high-risk males. 65 • 98 The presence of
such cells in AIDS patients (as in attempts
at T-cell replacement therapy) merely en-
hances HTLV-III/LAV growth in vivo, and
does not appear to be therapeutically use-
ful." Thus, the MAC may provide a potent
mitogenic stimulus to the T-cell population
which, in turn, will increase the viral load
within the tissues. 4 ' The end result will be
an overall acceleration to the virally in-
duced immunodepression.

Immunodepletion by the systemic M. avi-
um infection. Some mycobacterial infec-
tions modulate the cellular responsiveness
within the heavily infected host, 68 probably
by inducing some sort of antigen overload
or tolerance. 75 ' 76 This permits the organ-
isms to continue multiplying in vivo without
the expression of an effective cellular im-
mune response within the lesions. 85 As the
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infectious load increases, so more and more
viable bacilli will enter the bloodstream
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to control the further growth and spread of
this opportunistic pathogen." Eventually,
the infection reaches the point where so
many AFB accumulate within the tissues (as
many as 10 10 AFB per gram have been re-
ported in some infections'') that a perma-
nent state of immunological tolerance is in-
duced. Some investigators ascribe this to the
presence of a population of suppressor cells
within the spleen." 4 However, much of this
suppressor-cell activity is based on in vitro
mitogen assays" which may not always be
validly extrapolated to the whole animal.'"
In many cases, the anergic (suppressed) an-
imal will still respond immunologically to
other unrelated antigens,'" and the spleen
contains large numbers of activated mac-
rophages which can partly compensate for
any reduced T-cell activity seen in these an-
imals. 8° Furthermore, the anergic host can
express an enhanced humoral (helper T cell)
response against many of the mycobacterial
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Suppressor-cell induction by the systemic
MAC infection. Many mycobacterial infec-
tions induce the production of large num-
bers of activated macrophages within the
spleen which may limit the in vivo growth
of the pathogen before the T-cell responses
(DTH and CMI) can be fully expressed.'"
Often the only indication that activated
macrophages are present within the infected
tissues will be the appearance of a plateau
in the growth curve (bacteriostasis). Adop-
tive transfer studies carried out with spleen
cells harvested during the early phase of the
infection suggest a lack of sensitized T cells.'"
While suppressor T cells may be responsible
for this effect," there is also evidence that
activated macrophages arc involved.' These
cells may also be responsible for excessive
antigen (sensitin) destruction within the
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granuloma so that it does not reach the
draining lymph node in sufficient quantities
to stimulate a detectable T-cell response. 8 '

Suppressor (modulator) T cells are known
to be present in the lymphoreticular organs
of the normal host." The function of these
cells is thought to be to down-regulate the
cellular immune response once the infection
has been brought under control. MAC se-
rotypes 1, 4, and 8 may possess unique met-
abolic or antigenic factors able to stimulate
the overproduction of these regulatory T
cells early in the infection period. There may
be some precedence for the existence of such
a factor. Recently, a phenolic glycolipid an-
tigen from M. leprae was postulated to in-
duce the persistent lepromin anergy seen in
human lepromatous leprosy patients.' The
existence of such an antigen is still largely
inferential, but the presence of such a factor
in Al. cilium could help to explain the ap-
parent association between these MAC se-
rotypes and AIDS. In the same way, the
absence of such a factor from other atypical
mycobacteria such as Al. kansasii and Al.
simiae would help to explain their absence
from this immunosuppressed population.
Avirulent members of the MAC may or may
not possess this factor, but their inability to
invade the normal tissues to reach the toler-
ogenic threshold would, in any case, explain
their lack of involvement in this disease.
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The data shown in Figure 1 and Table 1
forebode an increasing epidemic of MAC
infections in the United States as the num-
ber of AIDS patients continues to in-
crease." The ability of these organisms to
multiply silently to enormous tissue loads,
combined with their high degree of antitu-
berculous drug resistance, makes the clini-
cal management of these patients both dif-
ficult and frustrating.'' At present, the
prognosis for the MAC-infected AIDS pa-
tient is particularly bleak,' ' and we urgently
need new immunological tools (recombi-
nant interferon, IL-2, cloned T cells) to more
effectively treat these patients. Before we
can apply many of these reagents to this
disease, however, we need to learn a lot more
about the immunological parameters asso-
ciated with the normal immune response to
these opportunistic pathogens. 5 ' The mouse
infection model may help to throw new light
on some of the parameters controlling the
evolution of this disease.

In summary, the M. avium complex
(MAC) can induce pulmonary infections in
children and some immunocompetent
adults, although they usually behave as sim-
ple opportunistic pathogens in the latter
group. The MAC and M. tuberculosis are
present in as many as 50% of AIDS patients
examined for the presence of acid-fast ba-
cilli. The pattern of MAC serotypes isolated
from these patients differs from that seen in
normal, cancer, and transplant patient
groups. Thus, the presence of three MAC
serotypes in so many AIDS patients suggests
that they may play some sort of causative

role in the evolution of the terminal form
of this immunodeficiency disease. Virulent
MAC serotypes 1, 4, and 8 may possess
some predisposing factor (possibly a recep-
tor which enables them to attach to the na-
sopharyngeal or intestinal mucosae) which
allows them to more effectively colonize and
invade these membranes, compared to the
other atypical mycobacteria. A v irulent
MAC serotypes lack the ability to invade
the normal host tissues and so are unable
to establish a progressive systemic infec-
tion, even after the AIDS virus has depleted
the T-cell defenses. A specific immune tol-
erance induced by the persistent coloniza-
tion of the intestinal mucosa by members
of the MAC may contribute to the HTLV-
III/LAV-induced immunodepletion, thus
helping to drive the ARC patient into the
terminal stage of this disease. If this is true,
then the M. aviunz complex could be con-
sidered a cofactor in the development of this
important human immunodeficiency dis-
ease.
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