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Abstract Before highly active antiretroviral therapies (HAART) were available for the
treatment of persons with HIV infection, disseminated Mycobacterium avium-
intracellulare complex (MAC) infection was one of the most common opportu-
nistic infections that affected people living with AIDS. Routine use of chemopro-
phylaxis with a macrolide has been advocated in guidelines for the treatment of
HIV-infected individuals if they have a circulating CD4+ cell count of <50 cells/
pL. In addition, lifelong prophylaxis for disease recurrence has been recommen-
ded for those with a history of disseminated MAC infection.

The introduction of HAART has resulted in a remarkable decline in the
incidence of opportunistic infections and death among persons living with AIDS.
Considerable reconstitution of functional immune responses against opportunistic
infections can be achieved with HAART. In the case of infection with MAC, there
has been a substantial reduction in the incidence of disseminated infections in the
HAART era, even in countries where the use of MAC prophylaxis was never
widely accepted. Moreover, the clinical picture of MAC infections in patients
treated with potent antiretroviral therapies has shifted from a disseminated disease
with bacteraemia to a localised infection, presenting most often with lymphade-
nopathy and osteomyelitis.

Data from several recently conducted randomised, double-blind, placebo-
controlled trials led to the current practice of discontinuing primary and secondary
prophylaxis against disseminated MAC infections at stable CD4+ cell counts
>100 cells/uL. These recommendations are still conservative as primary or
secondary disseminated MAC infections are only rarely seen in patients who
respond to HAART, despite treatment initiation at very low CD4+ cell counts.

Potential adverse effects of macrolide therapy and drug interactions with
antiretrovirals also metabolised via the cytochrome P450 enzyme system must be
critically weighed against the marginal benefit that MAC prophylaxis may pro-
vide in addition to treatment with HAART. These authors feel that, unless patients
who initiate HAART at low CD4+ cell counts do not respond to HIV-treatment,
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routine MAC prophylaxis should not be recommended. Nevertheless, the patient
population for whom MAC prophylaxis may still be indicated in the era of
HAART needs to be identified in prospectively designed clinical trials.

Since the discovery of the HIV in the early
1980s, the HIV pandemic has become a major threat
to human life and the economy worldwide. Approxi-
mately 40 million people are infected globally, of
whom about 3 million die each year.['l Infections
and deaths are expected to continue to increase. HIV
causes morbidity and mortality through depletion of
CD4+ T cells leading to AIDS, with an average time
of infection to clinical disease of around one dec-
ade.”! This progressive loss of immune function
results in loss of immune control of latent infections
such as tuberculosis, and increased vulnerability to
otherwise benign environmental or colonising or-
ganisms such as Pneumocystis jiroveci (formerly
named Pneumocystis carinii). The spectrum of op-
portunistic infections is quite broad, however, and
becomes even broader as immunity wanes. Opportu-
nistic infections seen at high frequency in developed
countries include Pneumocystis pneumonia (PCP),
dissemination of Mycobacterium avium-intracellu-
lare complex (MAC), retinal and gastrointestinal
cytomegalovirus (CMV) infections, cryptosporidi-
osis and cerebral toxoplasmosis.>*! Infections im-
portant in certain geographical locations include
histoplasmosis in parts of the USP! and Penicillium
marneffi in Thailand.[®!

The pattern of opportunistic infections seen in
patients living with HIV is reflected in particular by
the progressive impairment of cell-mediated immu-
nity as CD4+ cell counts decrease over time with
ongoing viral replication. Progressive immuno-
deficiency in HIV infection also leads to cell-medi-
ated loss of tumour-controlling immune surveil-
lance, putting affected persons at an increased risk
for the development of malignancies, especially
those associated with infections such as Kaposi’s
sarcoma.l’l Even before the introduction of antire-
troviral therapies that could effectively suppresses
viral replication, prophylactic treatment against the
development of some of the opportunistic infections
such as PCP, disseminated MAC and cerebral toxo-
plasmosis reduced the incidence of these infections
in HIV-infected patients with a concomitant im-
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provement in lifespan.’®” With the introduction of
highly active antiretroviral therapies (HAART) that
allow for control of viral replication and restoration
of antigen-specific immune responses in HIV-
infected patients,'%!3 HIV-related morbidity and
mortality has decreased dramatically by as much as
80% in countries where these therapies are widely
available.[14-16]

Many recommendations on primary prophylaxis
against opportunistic infections in AIDS patients
still use studies undertaken in the era before
HAART.!'7181 Over 7 years after HAART became
available, it is still uncertain whether immune recon-
stitution achieved by potent antiretroviral therapies
alone makes prophylaxis against opportunistic in-
fections, even in patients who start HAART at ad-
vanced stages of HIV infection, still necessary. Pri-
mary prophylaxis against disseminated MAC infec-
tion must be critically questioned, as it has never
been widely accepted, even in developed countries,
partly because the benefits appeared to be small and
partly because it was not commonly seen in some
regions.!'%211 This review discusses the epidemiolo-
gy and clinical presentation of MAC infection in
patients living with AIDS, mechanisms of MAC-
specific immunodeficiency and treatment options,
and focuses on the question of whether prophylactic
therapy against MAC disease should still be recom-
mended for HIV-infected patients in the era of
HAART.

1. Mycobacterium avium-intracellulare
Complex (MAC)

1.1 History and Clinical Presentation

MAC infection in patients with HIV infection is
distinct from what is usually seen in individuals not
infected by HIV. In non-immunocompromised
adults, what is usually seen is an indolent pulmonary
illness and it may be difficult to determine whether
the organism is commensal or pathogenic, even in
those with underlying lung disease.”” In children,
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MAC often presents with isolated cervical lym-
phadenopathy and may be cured by an excisional
biopsy of the lymph node without further therapy.??!

Early in the AIDS epidemic a syndrome of sys-
temic MAC infection was described that was pre-
viously only seen in patients with cell-mediated
immune defects such as hairy cell leukaemia.[?3-26]
MAC caused an illness characterised by symptoms
of fever, night sweats, anorexia, fatigue and wasting,
sometimes with diarrhoea or evidence of other focal
organ involvement.!?”-?8] Anaemia, generalised lym-
phadenopathy and hepatosplenomegaly were often
present on examination.””! MAC was typically seen
in those HIV-infected individuals with advanced
immunodeficiency, generally with a CD4+ cell
count <50 cells/uL.3%3 Another clue on bio-
chemical testing was often a raised alkaline phos-
phatase.[*! Patients were usually diagnosed clinical-
ly, and the diagnosis confirmed on positive my-
cobacterial blood cultures. Stool cultures positive
for MAC could also be indicative of incipient clin-
ical disease.!*?!

Natural history studies suggest MAC infection
may still develop in up to 30% of patients with
advanced HIV disease,?*** and incidence rates may
also largely depend on seasonal and geographical
variations.*!

1.2 Treatment for Disseminated MAC

Treatment for HIV-associated MAC infection
advanced slowly using a plethora of antimycobacte-
rial medications, including amikacin, clofazimine,
ethambutol, isoniazid, rifampicin and rifabutin. In
the early to mid 1990s clinical studies documented
the advantage of combination therapy using macro-
lides and ethambutol as a backbone.’%37 Studies
showing benefit with clarithromycin monotherapy
were also published,?®3 followed by randomised,
prospective multidrug trials.!**4?) The proportion of
patients becoming blood culture negative using the
combination of clarithromycin and ethambutol was,
respectively, 65142 and 69%™ in two studies. The
addition of rifabutin to a regimen based on clarithro-
mycin and ethambutol did not increase the propor-
tion of patients becoming blood culture negative
(69%) but the three-drug regimen led to a lower
relapse rate (68% relapse with the two drugs versus
12% relapse with the three drugs) at 36 weeks. 0!
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Recently, a multicentred, prospective clinical trial
demonstrated a survival benefit for patients receiv-
ing a three-drug regimen based on clarithromycin,
ethambutol and rifabutin compared with patients
who received a two-drug regimen with clarithro-
mycin and either ethambutol or rifabutin.[**! In con-
trast, the addition of clofazimine to clarithromycin
and ethambutol led to a worse outcome.[*?

These trials confirmed the superiority of macro-
lide therapy in combination with ethambutol, and
led to the cessation of use of several other agents,
including clofazimine and isoniazid, for this indica-
tion. Rifabutin and ciprofloxacin** have become
the recommended third agents where more than two
drugs were felt indicated. However, the concomitant
use of rifabutin and clarithromycin has been asso-
ciated with anterior uveitis.*3 This therapy antici-
pated the widespread use of protease inhibitor-based
HAART in 1996, but resulted in a decrease in recur-
rent bacteraemia in the order of 70% if a three-drug
regimen was used for treatment.[*® Most authorities
recommend lifelong therapy for as long as the pa-
tient has low CD4+ cell counts.*”

1.3 Prophylaxis

MAC affected up to half of patients with AIDS in
the pro-HAART era and became relatively more
important as widespread use of PCP prophylaxis led
to a decline in the incidence of that condition.[®%18!
The initial infection with MAC occurs by inhalation
to the lungs or by ingestion via the gastrointestinal
tract. MAC was demonstrated to be present in water,
cheese and fish, and no intervention aimed at avoid-
ance of exposure consistently worked.[*¥-521 Subse-
quently, it became apparent the organism is environ-
mentally ubiquitous, so pharmacological primary
prophylaxis became a more important strategy.

Some early studies showed a benefit to prophy-
laxis with rifabutin at a dosage of 300 mg/day.5!
Although that benefit was in the order of 50% (with
an overall incidence in the placebo arm of 17-18%),
there were other issues of drug interactions related
to the cytochrome P450 system and mycobacterial
resistance to rifabutin monotherapy and its wider
implication for rifampicin resistance in individuals
infected with Mycobacterium tuberculosis. Never-
theless, some authorities recommended the routine
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use of rifabutin prophylaxis in persons with CD4+
cell counts <100 cells/uL.>4

Larger randomised, placebo-controlled trials on
primary prophylaxis of MAC in HIV infection were
published in 1996, just before potent antiretroviral
therapies became available. In a large randomised
trial patients with a CD4+ cell count of <100 cells/
UL received either clarithromycin 500mg twice a
day or placebo. The incidence of MAC bacteraemia
was decreased from about 16 to 6% by prophylaxis
and this was accompanied by a significant increase
in survival (hazard ratio 0.75, p = 0.026; i.e. mor-
tality was about 25% greater in the placebo arm,
perhaps not solely due to the prevention of MAC but
also to decreases in other bacterial infections at 10
months).53 A similar benefit in preventing MAC
infection (24.7 versus 10.6%) was also seen in a
study of once-weekly macrolide prophylaxis with
azithromycin 1200mg,® although there was no sta-
tistically significant difference in all-cause mor-
tality. Yet another trial demonstrated the superiority
of azithromycin compared with rifabutin for prima-
ry prophylaxis.’”! Clinical trials on primary prophy-
laxis against disseminated MAC infection in the pre-
HAART era are summarised in table I. Azithro-
mycin prophylaxis also reduces risk of PCP and
bacterial infections in HIV-infected individu-
als,16-381 but rapid development of macrolide resis-
tance of colonising facultative pathogenic bacteria
of the upper respiratory tract, including Streptococ-
cus pneumoniae, Haemophilus influenzae and
Staphylococcus aureus, have been observed in those
who receive prophylaxis.’>”

The results of the primary prophylaxis studies
have led to the inclusion of macrolide prophylaxis in
treatment guidelines as primary prophylaxis at low
CD4+ cell counts (e.g. guidelines from the US Pub-
lic Health Service/Infectious Diseases Society of
Americal*’! and from Australial®?'). Although math-
ematical models suggested cost effectiveness of pre-
ventive treatment against MAC with azithromycin
for patients with advanced HIV infection in the US
and Europe,!®>% implementation of primary pro-
phylaxis for disseminated MAC has been problem-
atic in clinical settings. Adherence to therapy plays
the key role in the effectiveness of HIV treatment
but many HIV infected persons fail to adhere to
HAART and prophylaxis against opportunistic in-
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fections because of a high daily pill burden and
adverse effects of the therapy.®% In one study,
42% of patients reported non-adherence 1 year after
they initiated prophylaxis.[’®! Thus, instead of in-
creasing the risk of non-adherence and subsequent
treatment failure by the additional pill burden of
primary prophylaxis against MAC, many patients
profit from simplification of treatment regimens and
restriction to the essential drugs of HAART for
successful therapy.

2. Prophylactic Therapy Against Other
Opportunistic Infections

The experience with MAC prophylaxis mirrors
that seen with other opportunistic infections.

For primary prophylaxis against PCP, cotrimoxa-
zole (sulfamethoxazole/trimethoprim) at CD4+ cell
counts <200 cells/uL is widely recommended and
has unquestioned efficacy.*”) There are several
trials of cessation of primary and secondary prophy-
laxis that demonstrate lack of development of PCP
in the setting of HAART. These include both obser-
vational studies and open, randomised trials.['7>! In
general, it is therefore considered safe to stop pro-
phylaxis now once the CD4+ cell count has been
>200 cells/uL for 3 months or more, although rare
failures of this strategy occur.[’!

A series of studies have been conducted in other
forms of secondary prophylaxis, including
CMV, 777 cerebral toxoplasmosis,”7#%8!) candidia-
sis®? and cryptococcosis,”733 resulting in similar
recommendations and findings. The current US
guidelines now recommend that secondary prophy-
laxis for PCP can be ceased once CD4+ cell counts
have reached >200 cells/uL for 3 months or more,
and that they can be ceased for MAC, cryptococ-
cosis, toxoplasmosis and CMV-retinitis after reach-
ing >100-200 cells/uL for 6 months or more depen-
ding on the organism and duration of previous ther-

apy.[17j

3. Immunodeficiency in AIDS and
Co-infection with MAC

Normally, CD4+ T cells act as the conductors of
an orchestrated immune response,3436! but in HIV
infection they themselves become functionally im-
paired and numerically depleted as they act as the
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Table 1. Clinical trials evaluating the efficacy of primary prophylaxis against disseminated Mycobacterium avium-intracellulare complex (MAC) infection in patients with HIV infection
at times when potent antiretroviral therapies were not yet available

Study Year Country/region  No. of CD4+ cell Follow-up  Agent Dosage MAC (%) Hazard ratio  Survival
patients count (days) (mg/day) hazard
(cells/uL) ratio
Nightingale et al.[53 1993 USA 292 <200 231 Rifabutin 300 8.2
298 <200 214 Placebo 1741 0.43 NS
Nightingale et al.[53 1993 USA and 274 <200 185 Rifabutin 300 8.8
Canada
282 <200 190 Placebo 18.1 0.47 NS
Pierce et al.l5% 1996 USA and 333 <100 427 Clarithromycin 500 5.7 0.31 0.75
Europe
334 <100 402 Placebo 15.9
Havlir et al.l" 1996 USA 236 <100 296 Rifabutin 300 23.3 AVR 0.53 NS
233 <100 315 Azithromycin 1200/wk 13.9 A+RvR 0.28 NS
224 <100 344 Rifabutin + 300 + 1200/wk 8.3 A+RvA 0.53 NS

azithromycin

Maslo et al.[5% 1997 France 371 <100 249 Rifabutin 300 4.6 0.41 NS
198 <100 361 Placebo 11.1
Oldfield et al.l58! 1998 USA 89 <100 400 Azithromycin 1200/wk 10.6
91 <100 340 Placebo 247 0.34 NS
Benson et al.l6" 2000 USA 398 <100 574 Rifabutin 300450 15.0 RvC 0.56 NS
391 <100 595 Clarithromycin 1000 9.0 R+CvR 0.43 NS
389 <100 595 Rifabutin + 300-450/1000 7.0 R+CvC 0.79 NS

clarithromycin

A = azithromycin; C = clarithromycin; NS = not significant; R = rifabutin; v = versus.

LIVVH Jo exg a3 ur DVIA 105 stxejdydorg

€89



684

Lange et al.

Table Il. Clinical trials on discontinuing maintenance therapy (secondary prophylaxis) against disseminated Mycobacterium avium-intracel-

lulare complex (MAC) infection in patients with HIV infection

Study Year Country/region No. of CD4+ cell count at MAC CD4+ cell count at Events per person-

patients diagnosis (cells/uL) therapy interruption  years of follow-up
[median] (cells/uL) [median]

Kirk et al.l24 1999 Denmark 66 9 187 0/5.7

Rossi et al.l'8] 2001 Switzerland 24 11 127 0/56.6

Shafran et al.l'?? 2002 Canada 52 16 230 1/86.6

Kirk et al.l’”] 2002 Europe 103 16 190 2/222

Zeller et al.l'2] 2002 France 26 10 105 4/100

Aberg et al.l'20] 2003 USA 48 Not mentioned 240 1.4/100

host cell for viral replication. Although HIV-specif-
ic CD4+ T cells are preferentially targeted by the
virus, in chronic HIV infection the majority of vi-
ruses replicate in CD4+ T cells specific for antigens
unrelated to HIV.[871 Thus, HIV infection is funda-
mentally characterised by a progressive, polyclonal
decrease in CD4+ T-cell number and function that
renders those infected vulnerable to the acquisition
of opportunistic infections and neoplasms.[88-90)

As advanced immunodeficiency develops MAC-
specific T-helper cell functions are also dimin-
ished.®!41  Despite upregulation of proinflam-
matory cytokines, such as tumour necrosis factor-o
and interleukin-6,1°>"1 defence mechanisms against
MAUC, such as the killing of intracellular organisms
by macrophages, the killing of infected macro-
phages by cytotoxic T lymphocytes or granuloma
formation, are also severely and progressively im-
paired.[®® Consequently, there is loss of local con-
trol of MAC infection and the potential for its dis-
semination through the body, via both lymphatic
and haematogenous spread.*3-100]

Disseminated MAC infection in HIV infection is
almost exclusively seen in patients with advanced
immunodeficiency, when circulating CD4+ cell
counts fall below 50 cells/uL.3*1911 When MAC
infects HIV-infected individuals there is an addi-
tional suppression of CD4+ cell function that can be
directly attributable to MAC antigen®* and upregu-
lation of HIV.[192 Furthermore, replication of HIV
in MAC-containing macrophages!'®3! can be observ-
ed that may accelerate further T-cell activation and
destruction of the immune defence system.
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4. Reconstitution of Immune Responses
Against MAC on Highly Active
Antiretroviral Therapies

With the advent of HAART in recent years, ther-
apeutic suppression of viral replication can be
achieved, resulting in significant increases in circu-
lating CD4+ T cells.[101213.104-107] Thege in vitro
indices of immune reconstitution are reflected by a
dramatic decline in HIV-related morbidity and mor-
tality in places where HAART is avail-
able.[1415108,1091 Although restoration of the immune
phenotype and immune function may remain incom-
plete when HAART is initiated at advanced stages
of HIV-1 infection,/!1%-112] substantial clinical bene-
fits can still be achieved.!''3! Following the initiation
of HAART, MAC-directed cell-mediated immunity
can be rapidly reconstituted even in patients with
advanced HIV disease. In a study on the restoration
of MAC-specific immune responses, following the
introduction of HAART, in vitro responsiveness to
MAC was detected as early as 3 months after the
initiation of antiretroviral therapy and approached
levels comparable with uninfected controls after 6
months of treatment.!''¥ Since the majority of early
CD4+ T cell redistribution is attributed to
CD45RO+ memory T cells,'” these antigen-
specific helper cell responses are most likely to
never be lost, but rather attenuated, even in the later
stages of AIDS. Decreases in MAC incidence ob-
served since the introduction of HAART have been
attributed to a direct effect of antiretroviral therapies
leading to immune reconstitution rather than to in-
creased adherence to prophylaxis, which tends to
decline in many areas and only seems to be of
additional benefit in regions with high incidence of
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MAUC, such as the central southern region of the
USs.[115-118]

5. Discontinuation of
Secondary Prophylaxis

As MAC-specific immunity can be partially re-
stored with antiretroviral therapy, lifelong secon-
dary prophylaxis is no longer recommended.!!'!
Indeed, a series of more recent clinical trials demon-
strate secondary prophylaxis against MAC can safe-
ly be discontinued in patients with a history of
disseminated MAC who respond to HAART and
reach sustained CD4+ cell counts >100 cells/uL
(table H).[W’l 18,120-123]

In all of these studies combined, the average
incidence rates for MAC after interruption of main-
tenance therapy was 2.7% (range 0—11%). Not un-
expectedly, the relapse rate was highest in the study
with the lowest median CD4+ cell count at the time
of maintenance therapy interruption (table II). The
presenting features of the illnesses seen were not
typical of MAC in the pre-HAART era. Of the seven
patients who were characterised with MAC relapse
after interruption of secondary prophylaxes, three
presented with osteomyelitis, one with an abscess
and one without apparent clinical illness but a posi-
tive cerebrospinal fluid culture for MAC. One of the
two additional patients was solely diagnosed by
clinical features and only one patient presented with
classical with MAC bacteraemia. In contrast with
systemic disease, osteomyelitis and lymphade-
nopathy seem now to be the characteristic presenta-
tions of MAC in the era of HAART.!'?-1281 Of the
six patients in the secondary prophylaxis interrup-
tion studies with documented CD4+ cell counts at
the time of MAC relapse, five had CD4+ cell counts
>100 cells/uL (mean 189, range 126-270 cells/uL).
Only one patient relapsed with virological failure at
a CD4+ cell count <50 cells/uL. The lack of dissem-
inated disease in most of the patients who relapsed,
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the unusually high CD4+ cell counts in these cases
and the in vitro evidence on immune reconstitution
led to the speculation that MAC disease in these
patients occurs primarily in privileged sites at which
immune surveillance is limited and where MAC has
been able to maintain itself despite reconstitution of
the immune system.!!2"]

6. Discontinuation of Primary Prophylaxis

The beneficial effect of HAART in the reduction
of the incidence of MAC has been clearly demon-
strated in two large, double-blind, placebo-control-
led trials(!?*13% and one prospective, multicentre
cohort study®” (table III). These studies examined
the question of discontinuation of primary MAC
prophylaxis with azithromycin in patients whose
CD4+ cell counts had increased from <50 to >100
cells/uL. Of the 1418 patients in these three studies
(614 of whom received azithromycin; 804 received
placebo or did not take prophylaxis) who were fol-
lowed for a median of >1 year, only two cases of
MAC occurred. Again, these patients, who belonged
in a placebo group, presented with MAC osteomye-
litis at relatively high CD4+ cell counts of 203 and
306 cells/uL, respectively.

As a result of these clinical studies, it has been
recommended to discontinue MAC prophylaxis at
sustained CD4+ cell counts >100 cells/uL. Since the
incidence of MAC infection after successful re-
sponses to HAART is very low, regardless of pro-
phylaxis with azithromycin,?%117:129.1301 and since
prophylaxis does not prevent the development of
MAC despite HAART,!3! it is unclear whether
patients who are treated with HAART benefit from
MAC prophylaxis at all. The effect of MAC prophy-
laxis on the incidence of MAC infection in all pa-
tients of a cohort of HIV-infected individuals who
initiate HAART at CD4+ cell counts <50 cells/uL
has not been investigated prospectively to date. Pa-
tients whose CD4+ cell counts remain <50 cells/uL

Table Ill. Clinical trials on discontinuing primary prophylaxis against disseminated Mycobacterium avium-intracellulare complex (MAC)

infection in patients with HIV infection

Authors Year Country No. of CD4+ cell count nadir  CD4+ cell count at Events per person-
patients (cells/uL) study entry (cells/uL)  years of follow-up

Furrer et al.l2 2000 Switzerland 253 10 >100 0/364

Currier et al.[29 2000 USA 643 <50 226 0.5/100

El-Sadr et al.l'30 2000 USA 520 23 230 0-0.15/100
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despite HAART clearly have an ongoing increased
risk of opportunistic infections and death!'3! and are
likely to benefit from MAC prophylaxis. The situa-
tion is less clear in patients whose CD4+ cell counts
increase above 50 cells/uL but does not reach 100
cells/uL, or who are treated with HAART only for a
short period of time. In the Swiss HIV Cohort
Study,[3? 21 of 2410 patients who started HAART
at a median CD4+ cell count of 16 cells/uL subse-
quently developed MAC infection, 16 of those with-
in the first 3 months of therapy. The majority of
these cases may be attributed to inflammatory re-
sponses in the process of immune reconstitution to
previously subclinical infection.[26:133:1341 A recent
study from Canada attributed 23% of MAC infec-
tions in the era of HAART to localised lymphade-
nopathy.!!33! These infections also occurred in the
first few months after initiation of therapy. Interest-
ingly, while MAC prophylaxis with azithromycin
was related to a significant risk reduction (incidence
rates 2.7 events/100 person-years versus 8 events/
100 person-years) in that study, this protection did
not seem to affect immune reconstitution disease
and it was only relevant for those patients who were
either not taking or not responding to HAART.!3]

In the cohort of the Frankfurt University Hospital
HIV clinic in Germany where no patient received
primary prophylaxis against MAC infection, 4.4%
of patients (36 of 824) who presented with an AIDS-
defining illness in the HAART era in the years
1996-2002 had a MAC infection (figure 1) [RH
Brodt, unpublished data]. Eleven of those patients
initially presented with MAC infection at the time of
the HIV diagnosis and six patients where non-adher-
ent to medications. Out of the 19 of 824 patients
(2.3%) who may have benefited from a primary
MAC prophylaxis, 16 (84%) developed the infec-
tion between 4 and 8 weeks after the initiation of
HAART and the majority of these cases may again
be attributed to immune reconstitution disease.

A prospective, randomised, placebo-controlled
trial is needed to address the question of whether
primary MAC prophylaxis is still necessary in HIV-
infected individuals who initiate treatment with anti-
retroviral therapies at CD4+ cell counts of <50 cells/
uL.

Similarly, it remains to be ascertained whether
patients whose CD4+ cell counts drop again to <100
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Fig. 1. Numbers of newly diagnosed HIV infections and Mycobacte-
rium avium-intracellulare complex (MAC) infections by year (as de-
fined by microbiological diagnosis and clinical symptoms) in the
Frankfurt (Germany) HIV clinic cohort between the years 1982 and
2003. The arrow indicates the advent of highly active antiretroviral
therapy (HAART) in 1996. No patient in this cohort received primary
prophylaxis against disseminated MAC infection.

cells/uL, after previous increases in their CD4+ cell
counts on therapy, need to restart primary or secon-
dary prophylaxis.

7. MAC Prophylaxis in Resource
Poor Settings

In the pre-HAART era, infection with MAC was
the most prevalent bacterial opportunistic infection
in patients living with AIDS in developed coun-
tries.101-136] T contrast, disseminated MAC infec-
tion has been reported to be relatively uncommon in
developing countries, especially sub-Saharan Afri-
ca, the area with the highest burden of HIV-infection
in the world.['3-1491 For example, the annual fre-
quency of disseminated non-tuberculous bacteria-
related infections in the Black African population in
Cape Town, South Africa, has been estimated to be
<1%,1411 although one study from Johannesburg
recently reported a point prevalence of 10% for
disseminated MAC infection in patients with CD4+
cell counts <100 cells/uL."*?! Lower rates of dis-
seminated MAC infection in patients with AIDS in
developing countries have been attributed to less
exposure and differences in immunity.'*! It has
been speculated that Bacille Calmette Guerin vacci-
nation, which is frequently given at birth in Africa,
or latent tuberculosis, which is highly prevalent,
may protect against MAC infection.['*!1 In contrast,
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tuberculosis is the most serious HIV-associated in-
fection in developing countries and the most com-
mon cause of death in Africans living with
AIDS.U'41 Under these circumstances, many pa-
tients susceptible to mycobacterial infections with
AIDS die of tuberculosis and other opportunistic
infections before reaching the advanced stage of
immunodeficiency that puts them at risk for MAC
infection. Lower incidence of MAC infection, lack
of identification of patients at risk for MAC infec-
tion by laboratory surveillance and limited financial
resources have thus far prevented the application of
MAC prophylaxis in developing countries.

8. Conclusions

As a result of immune reconstitution, disseminat-
ed MAC infections in patients with AIDS have
dramatically declined in all countries where antire-
troviral therapies are the standard of care for HIV-
infected patients, even though primary MAC pro-
phylaxis was not widely accepted in most countries
outside of North America. Regional differences in
following the guidelines for primary MAC prophy-
laxis among physicians taking care of HIV-infected
patients in the era of HAART are a result of varia-
tions of MAC incidence rates, and of diverging
opinions about benefits and risk of prescribing a
prophylaxis with relatively low efficacy. Random-
ised clinical trials have shown that it is safe to
interrupt primary prophylaxis against disseminated
MAC infection at stable CD4+ cell counts >100
cells/uL in patients who started this prophylaxis at
advanced stages of AIDS while CD4+ cell counts
were <50 cells/uL. However, even guidelines based
on these results may be too conservative. There is
currently little to support recommending primary
prophylaxis against disseminated MAC infection for
HIV-infected patients, even for those with CD4+
cell counts <50 cells/uL, unless these patients do not
respond or adhere to HAART. In consequence, in-
terruption of primary MAC prophylaxis should be
offered to all patients with stable response to
HAART. Similarly, secondary prophylaxis for dis-
seminated MAC infection should not be recommen-
ded indefinitely for those who respond to HAART
but can be offered to be discontinued once stable
CD4+ cell counts >100 cells/uL have been reached.
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As incidence rates for disseminated MAC infec-
tions are very low once HAART has been initiated,
clinical trials enrolling large numbers of patients
will be needed to show a significant benefit of
primary prophylaxis. In recent years, many HIV-
infected patients at risk for MAC infections in de-
veloped countries have either never received, are
intolerant to or do not adhere to HAART and MAC
prophylaxis. In certain situations, such as in geo-
graphical regions with a high incidence of MAC
(e.g. the south central region of the US), primary
prophylaxis against disseminated MAC should still
be considered in patients with good compliance but
without immunological responses to HAART or in
patients who undergo treatment interruptions when
CD4+ cell counts are very low. Patients who begin
HAART at CD4+ cell counts <50 cells/uL should be
followed carefully for clinical signs of MAC infec-
tion in the first months after treatment initiation.
With response to therapy, the risk of disseminated
MAC infection thereafter is extremely low and can
most probably not be prevented by prophylaxis.

A number of open questions still need to be
addressed. For example, are there individual risk
factors for recurrence of MAC other than CD4+ cell
counts? How long should CD4+ cell counts be
above the current consensus threshold of 100 cells/
UL before secondary prophylaxis can safely be in-
terrupted and when should secondary prophylaxis
be restarted once CD4+ cell counts drop below this
level again?

Even in some patients who profit from HAART
and secondary prophylaxis, MAC will continue to
cause morbidity despite treatment. Physicians treat-
ing patients with HIV infections need to be aware
that the clinical presentation of MAC infection has
shifted from a systemic infection to predominantly
localised diseases in those receiving potent antire-
troviral therapies.

Acknowledgements

No sources of funding or conflicts of interest were de-
clared by the authors.

References
1. Piot P, Bartos M, Ghys PD, et al. The global impact of HIV/
AIDS. Nature 2001; 410 (6831): 968-73

Drugs 2004; 64 (7)



688

11.

12.

13.

15.

16.

17.

18.

19.

. Chaisson RE, Keruly J, Richman DD, et al.

. Mellors JW, Munoz A, Giorgi JV, et al. Plasma viral load and

CD4+ lymphocytes as prognostic markers of HIV-1 infection.
Ann Intern Med 1997; 126 (12): 946-54

. Selik RM, Karon JM, Ward JW. Effect of the human immuno-

deficiency virus epidemic on mortality from opportunistic
infections in the United States in 1993. J Infect Dis 1997; 176
(3): 632-6

. Kaplan JE, Masur H, Holmes KK, et al. USPHS/IDSA guide-

lines for the prevention of opportunistic infections in persons
infected with human immunodeficiency virus: introduction.
USPHS/IDSA Prevention of Opportunistic Infections Work-
ing Group. Clin Infect Dis 1995; 21 Suppl. 1: S1-11

. Hajjeh RA. Disseminated histoplasmosis in persons infected

with human immunodeficiency virus. Clin Infect Dis 1995; 21
Suppl. 1: S108-10

. Chariyalertsak S, Sirisanthana T, Supparatpinyo K, et al. Case-

control study of risk factors for Penicillium marneffei infection
in human immunodeficiency virus-infected patients in north-
ern Thailand. Clin Infect Dis 1997; 24 (6): 1080-6

. Moylett EH, Shearer WT. HIV: clinical manifestations. J Aller-

gy Clin Immunol 2002; 110 (1): 3-16

. McNaghten AD, Hanson DL, Jones JL, et al. Effects of antire-

troviral therapy and opportunistic illness primary chemopro-
phylaxis on survival after AIDS diagnosis: Adult/Adolescent
Spectrum of Disease Group. AIDS 1999; 13 (13): 1687-95
Pneumocystis
prophylaxis and survival in patients with advanced human
immunodeficiency virus infection treated with zidovudine: the
Zidovudine Epidemiology Group. Arch Intern Med 1992; 152
(10): 2009-13

. Autran B, Carcelain G, Li TS, et al. Positive effects of com-

bined antiretroviral therapy on CD4+ T cell homeostasis and
function in advanced HIV disease. Science 1997; 277 (5322):
112-6

Connick E, Lederman MM, Kotzin BL, et al. Immune reconsti-
tution in the first year of potent antiretroviral therapy and its
relationship to virologic response. J Infect Dis 2000; 181 (1):
358-63

Lederman MM, Connick E, Landay A, et al. Immunologic
responses associated with 12 weeks of combination antiretro-
viral therapy consisting of zidovudine, lamivudine, and ritona-
vir: results of AIDS Clinical Trials Group Protocol 315. J
Infect Dis 1998; 178 (1): 70-9

Li TS, Tubiana R, Katlama C, et al. Long-lasting recovery in
CD4 T-cell function and viral-load reduction after highly
active antiretroviral therapy in advanced HIV-1 disease. Lan-
cet 1998; 351 (9117): 1682-6

. Mocroft A, Vella S, Benfield TL, et al. Changing patterns of

mortality across Europe in patients infected with HIV-1:
EuroSIDA Study Group. Lancet 1998; 352 (9142): 1725-30

Palella Jr FJ, Delaney KM, Moorman AC, et al. Declining
morbidity and mortality among patients with advanced human
immunodeficiency virus infection: HIV Outpatient Study In-
vestigators. N Engl J Med 1998; 338 (13): 853-60

Brodt HR, Kamps BS, Gute P, et al. Changing incidence of
AIDS-defining illnesses in the era of antiretroviral combina-
tion therapy. AIDS 1997; 11 (14): 1731-8

Masur H, Kaplan JE, Holmes KK. Guidelines for preventing
opportunistic infections among HIV-infected persons: 2002.
Recommendations of the US Public Health Service and the
Infectious Diseases Society of America. Ann Intern Med 2002;
137 (5 Pt 2): 435-78

Powderly WG. Prophylaxis for opportunistic infections in an era
of effective antiretroviral therapy. Clin Infect Dis 2000; 31 (2):
597-601

Lundgren JD, Phillips AN, Vella S, et al. Regional differences
in use of antiretroviral agents and primary prophylaxis in 3122
European HIV-infected patients: EuroSIDA Study Group. J

© 2004 Adis Data Information BV. All rights reserved.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

38.

Lange et al.

Acquir Immune Defic Syndr Hum Retrovirol 1997; 16 (3):
153-60

Furrer H, Telenti A, Rossi M, et al. Discontinuing or withhold-
ing primary prophylaxis against Mycobacterium avium in pa-
tients on successful antiretroviral combination therapy: the
Swiss HIV Cohort Study. AIDS 2000; 14 (10): 1409-12

Asch SM, Gifford AL, Bozzette SA, et al. Underuse of primary
Mpycobacterium avium complex and Pneumocystis carinii pro-
phylaxis in the United States. J Acquir Immune Defic Syndr
2001; 28 (4): 340-4

Wolinsky E. Mycobacterial diseases other than tuberculosis.
Clin Infect Dis 1992; 15 (1): 1-10

Bennett C, Vardiman J, Golomb H. Disseminated atypical
mycobacterial infection in patients with hairy cell leukemia.
Am J Med 1986; 80 (5): 891-6

Weinstein RA, Golomb HM, Grumet G, et al. Hairy cell
leukemia: association with disseminated atypical mycobacteri-
al infection. Cancer 1981; 48 (2): 380-3

Macher AM, Kovacs JA, Gill V, et al. Bacteremia due to
Mycobacterium avium-intracellulare in the acquired immuno-
deficiency syndrome. Ann Intern Med 1983; 99 (6): 782-5

Greene JB, Sidhu GS, Lewin S, et al. Mycobacterium avium-
intracellulare: a cause of disseminated life-threatening infec-
tion in homosexuals and drug abusers. Ann Intern Med 1982;
97 (4): 539-46

Havlik Jr JA, Horsburgh Jr CR, Metchock B, et al. Disseminat-
ed Mycobacterium avium complex infection: clinical identifi-
cation and epidemiologic trends. J Infect Dis 1992; 165 (3):
577-80

Kalayjian RC, Toossi Z, Tomashefski Jr JF, et al. Pulmonary
disease due to infection by Mycobacterium avium complex in
patients with AIDS. Clin Infect Dis 1995; 20 (5): 1186-94

Benson CA, Ellner JJ. Mycobacterium avium complex infection
and AIDS: advances in theory and practice. Clin Infect Dis
1993; 17 (1): 7-20

Crowe SM, Carlin JB, Stewart KI, et al. Predictive value of
CD4 lymphocyte numbers for the development of opportunis-
tic infections and malignancies in HIV-infected persons. J
Acquir Immune Defic Syndr 1991; 4 (8): 770-6

Brodt HR, Enzensberger R, Kamps BS, et al. Impact of dissemi-
nated Mycobacterium avium-complex infection on survival of
HIV-infected patients. Eur J Med Res 1997; 2 (3): 106-10

Chin DP, Hopewell PC, Yajko DM, et al. Mycobacterium
avium complex in the respiratory or gastrointestinal tract and
the risk of M. avium complex bacteremia in patients with
human immunodeficiency virus infection. J Infect Dis 1994;
169 (2): 289-95

Hoover DR, Saah AJ, Bacellar H, et al. Clinical manifestations
of AIDS in the era of pneumocystis prophylaxis: Multicenter
AIDS Cohort Study. N Engl J Med 1993; 329 (26): 1922-6

Nightingale SD, Byrd LT, Southern PM, et al. Incidence of
Mpycobacterium avium-intracellulare complex bacteremia in
human immunodeficiency virus-positive patients. J Infect Dis
1992; 165 (6): 1082-5

Horsburgh Jr CR, Schoenfelder JR, Gordin FM, et al. Geo-
graphic and seasonal variation in Mycobacterium avium
bacteremia among North American patients with AIDS. Am J
Med Sci 1997; 313 (6): 341-5

Hoy J, Mijch A, Sandland M, et al. Quadruple-drug therapy for
Mycobacterium avium-intracellulare bacteremia in AIDS pa-
tients. J Infect Dis 1990; 161 (4): 801-5

. Benson CA. Treatment of disseminated disease due to the

Mycobacterium avium complex in patients with AIDS. Clin
Infect Dis 1994; 18 Suppl. 3: S237-42

Dautzenberg B, Truffot C, Legris S, et al. Activity of clarithro-
mycin against Mycobacterium avium infection in patients with
the acquired immune deficiency syndrome: a controlled clin-
ical trial. Am Rev Respir Dis 1991; 144 (3 Pt 1): 564-9

Drugs 2004; 64 (7)



Prophylaxis for MAC in the Era of HAART

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Chaisson RE, Benson CA, Dube MP, et al. Clarithromycin
therapy for bacteremic Mycobacterium avium complex dis-
ease: a randomized, double-blind, dose-ranging study in pa-
tients with AIDS: AIDS Clinical Trials Group Protocol 157
Study Team. Ann Intern Med 1994; 121 (12): 905-11

Dube MP, Sattler FR, Torriani FJ, et al. A randomized evalua-
tion of ethambutol for prevention of relapse and drug resis-
tance during treatment of Mycobacterium avium complex
bacteremia with clarithromycin-based combination therapy:
California Collaborative Treatment Group. J Infect Dis 1997;
176 (5): 1225-32

May T, Brel F, Beuscart C, et al. Comparison of combination
therapy regimens for treatment of human immunodeficiency
virus-infected patients with disseminated bacteremia due to
Mycobacterium avium: ANRS Trial 033 Curavium Group.
Agence Nationale de Recherche sur le Sida. Clin Infect Dis
1997; 25 (3): 621-9

Chaisson RE, Keiser P, Pierce M, et al. Clarithromycin and
ethambutol with or without clofazimine for the treatment of
bacteremic Mycobacterium avium complex disease in patients
with HIV infection. AIDS 1997; 11 (3): 311-7

Benson CA, Williams PL, Currier JS, et al. A prospective,
randomized trial examining the efficacy and safety of clari-
thromycin in combination with ethambutol, rifabutin, or both
for the treatment of disseminated Mycobacterium avium com-
plex disease in persons with acquired immunodeficiency syn-
drome. Clin Infect Dis 2003; 37 (9): 1234-43

Keiser P, Nassar N, Skeist D, et al. A retrospective study of the
addition of ciprofloxacin to clarithromycin and ethambutol in
the treatment of disseminated Mycobacterium avium complex
infection. Int J STD AIDS 1999 Dec; 10 (12): 791-4

Gioulekas J, Hall A. Uveitis associated with rifabutin therapy.
Aust N Z J Ophthalmol 1995; 23 (4): 319-21

Shafran SD, Singer J, Zarowny DP, et al. A comparison of two
regimens for the treatment of Mycobacterium avium complex
bacteremia in AIDS: rifabutin, ethambutol, and clarithromycin
versus rifampin, ethambutol, clofazimine, and ciprofloxacin:
Canadian HIV Trials Network Protocol 010 Study Group. N
Engl J Med 1996; 335 (6): 377-83

US Public Health Service (USPHS); Infectious Diseases Society
of America (IDSA); USPHS/IDSA Prevention of Opportunis-
tic Infections Working Group. 2001 USPHS/IDSA guidelines
for the prevention of opportunistic infections in persons infect-
ed with human immunodeficiency virus. HIV Clin Trials 2001;
2 (6): 493-554

Ristola MA, von Reyn CF, Arbeit RD, et al. High rates of
disseminated infection due to non-tuberculous mycobacteria
among AIDS patients in Finland. J Infect 1999; 39 (1): 61-7

Ostroff SM, Spiegel RA, Feinberg J, et al. Preventing dissemi-
nated Mycobacterium avium complex disease in patients in-
fected with human immunodeficiency virus. Clin Infect Dis
1995; 21 Suppl. 1: S72-6

von Reyn CF, Maslow JN, Barber TW, et al. Persistent
colonisation of potable water as a source of Mycobacterium
avium infection in AIDS. Lancet 1994; 343 (8906): 1137-41

Montecalvo MA, Forester G, Tsang AY, et al. Colonisation of
potable water with Mycobacterium avium complex in homes of
HIV-infected patients [letter]. Lancet 1994; 343 (8913): 1639

von Reyn CF, Arbeit RD, Horsburgh CR, et al. Sources of
disseminated Mycobacterium avium infection in AIDS. J In-
fect 2002; 44 (3): 166-70

Nightingale SD, Cameron DW, Gordin FM, et al. Two control-
led trials of rifabutin prophylaxis against Mycobacterium avi-
um complex infection in AIDS. N Engl J Med 1993; 329 (12):
828-33

Masur H. Recommendations on prophylaxis and therapy for
disseminated Mycobacterium avium complex disease in pa-
tients infected with the human immunodeficiency virus: Public

© 2004 Adis Data Information BV. All rights reserved.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

689

Health Service Task Force on Prophylaxis and Therapy for
Mycobacterium avium Complex. N Engl J Med 1993; 329
(12): 898-904

Pierce M, Crampton S, Henry D, et al. A randomized trial of
clarithromycin as prophylaxis against disseminated Mycobac-
terium avium complex infection in patients with advanced
acquired immunodeficiency syndrome. N Engl J Med 1996;
335 (6): 384-91

Oldfield IIT EC, Fessel W], Dunne MW, et al. Once weekly
azithromycin therapy for prevention of Mycobacterium avium
complex infection in patients with AIDS: a randomized, doub-
le-blind, placebo-controlled multicenter trial. Clin Infect Dis
1998; 26 (3): 611-9

Havlir DV, Dube MP, Sattler FR, et al. Prophylaxis against
disseminated Mycobacterium avium complex with weekly
azithromycin, daily rifabutin, or both: California Collaborative
Treatment Group. N Engl J Med 1996; 335 (6): 392-8

Dunne MW, Bozzette S, McCutchan JA, et al. Efficacy of
azithromycin in prevention of Pneumocystis carinii pneumo-
nia: a randomised trial. California Collaborative Treatment
Group. Lancet 1999; 354 (9182): 891-5

Aberg JA, Wong MK, Flamm R, et al. Presence of macrolide
resistance in respiratory flora of HIV-infected patients receiv-
ing either clarithromycin or azithromycin for Mycobacterium
avium complex prophylaxis. HIV Clin Trials 2001; 2 (6):
453-9

Maslo C, Bure-Rossier A, Girard PM, et al. Clinical and
bacteriologic impact of rifabutin prophylaxis for Mycobacteri-
um avium complex infection in patients with human immuno-
deficiency virus infection. Clin Infect Dis 1997; 24 (3): 344-9

Benson CA, Williams PL, Cohn DL, et al. Clarithromycin or
rifabutin alone or in combination for primary prophylaxis of
Mycobacterium avium complex disease in patients with AIDS:
a randomized, double-blind, placebo-controlled trial. The
AIDS Clinical Trials Group 196/Terry Beirn Community Pro-
grams for Clinical Research on AIDS 009 Protocol Team. J
Infect Dis 2000; 181 (4): 1289-97

Post JJ. Mycobacterium avium complex. In: Hoy J, Lewin S,
editors. HIV management in Australasia. Sydney: Australasian
Society for HIV Medicine, 2003: 142-5

Bayoumi AM, Redelmeier DA. Preventing Mycobacterium avi-
um complex in patients who are using protease inhibitors: a
cost-effectiveness analysis. AIDS 1998; 12 (12): 1503-12

Sendi PP, Craig BA, Meier G, et al. Cost-effectiveness of
azithromycin for preventing Mycobacterium avium complex
infection in HIV-positive patients in the era of highly active
antiretroviral therapy: the Swiss HIV Cohort Study. J An-
timicrob Chemother 1999; 44 (6): 811-7

Trotta MP, Ammassari A, Melzi S, et al. Treatment-related
factors and highly active antiretroviral therapy adherence. J
Acquir Immune Defic Syndr 2002; 31 Suppl. 3: S128-31

Escobar I, Campo M, Martin J, et al. Factors affecting patient
adherence to highly active antiretroviral therapy. Ann Pharma-
cother 2003; 37 (6): 775-81

Wood E, Hogg RS, Yip B, et al. Is there a baseline CD4 cell
count that precludes a survival response to modern antiretrovi-
ral therapy? AIDS 2003; 17 (5): 711-20

Press N, Tyndall MW, Wood E, et al. Virologic and immuno-
logic response, clinical progression, and highly active antire-
troviral therapy adherence. J Acquir Immune Defic Syndr
2002; 31 Suppl. 3: S112-7

Raboud JM, Rae S, Woods R, et al. Consecutive rebounds in
plasma viral load are associated with virological failure at 52
weeks among HIV-infected patients. AIDS 2002; 16 (12):
1627-32

Cohn SE, Kammann E, Williams P, et al. Association of
adherence to Mycobacterium avium complex prophylaxis and
antiretroviral therapy with clinical outcomes in acquired

Drugs 2004; 64 (7)



690

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

immunodeficiency syndrome. Clin Infect Dis 2002; 34 (8):
1129-36

Weverling GJ, Mocroft A, Ledergerber B, et al. Discontinua-
tion of Pneumocystis carinii pneumonia prophylaxis after start
of highly active antiretroviral therapy in HIV-1 infection:
EuroSIDA Study Group. Lancet 1999; 353 (9161): 1293-8

Schneider MM, Borleffs JC, Stolk RP, et al. Discontinuation of
prophylaxis for Pneumocystis carinii pneumonia in
HIV-1-infected patients treated with highly active antiretrovi-
ral therapy. Lancet 1999; 353 (9148): 201-3

Lopez Bernaldo de Quiros JC, Miro JM, Pena JM, et al. A
randomized trial of the discontinuation of primary and secon-
dary prophylaxis against Pneumocystis carinii pneumonia
after highly active antiretroviral therapy in patients with HIV
infection: Grupo de Estudio del SIDA 04/98. N Engl J Med
2001; 344 (3): 159-67

Yangco BG, Von Bargen JC, Moorman AC, et al. Discontinua-
tion of chemoprophylaxis against Prneumocystis carinii pneu-
monia in patients with HIV infection: HIV Outpatient Study
(HOPS) Investigators. Ann Intern Med 2000; 132 (3): 201-5

Mussini C, Pezzotti P, Antinori A, et al. Discontinuation of
secondary prophylaxis for Pneumocystis carinii pneumonia in
human immunodeficiency virus-infected patients: a random-
ized trial by the CIOP Study Group. Clin Infect Dis 2003; 36
(5): 645-51

Quah SP, McBride M. A case of pneumocystis pneumonia after
cessation of secondary prophylaxis. Int J STD AIDS 2001; 12
(2): 126-7

Kirk O, Reiss P, Uberti-Foppa C, et al. Safe interruption of
maintenance therapy against previous infection with four com-
mon HIV-associated opportunistic pathogens during potent
antiretroviral therapy. Ann Intern Med 2002; 137 (4): 239-50

Macdonald JC, Torriani FJ, Morse LS, et al. Lack of reactiva-
tion of cytomegalovirus (CMV) retinitis after stopping CMV
maintenance therapy in AIDS patients with sustained eleva-
tions in CD4 T cells in response to highly active antiretroviral
therapy. J Infect Dis 1998; 177 (5): 1182-7

Tural C, Romeu J, Sirera G, et al. Long-lasting remission of
cytomegalovirus retinitis without maintenance therapy in
human immunodeficiency virus-infected patients. J Infect Dis
1998; 177 (4): 1080-3

Mussini C, Pezzotti P, Govoni A, et al. Discontinuation of
primary prophylaxis for Pneumocystis carinii pneumonia and
toxoplasmic encephalitis in human immunodeficiency virus
type I-infected patients: the changes in opportunistic prophy-
laxis study. J Infect Dis 2000; 181 (5): 1635-42

Abgrall S, Rabaud C, Costagliola D. Incidence and risk factors
for toxoplasmic encephalitis in human immunodeficiency vi-
rus-infected patients before and during the highly active antire-
troviral therapy era. Clin Infect Dis 2001; 33 (10): 1747-55

Gripshover BM, Valdez H, Salata RA, et al. Withdrawal of
fluconazole suppressive therapy for thrush in patients respond-
ing to combination antiviral therapy including protease inhibi-
tors. AIDS 1998; 12 (18): 2513-4

Vibhagool A, Sungkanuparph S, Mootsikapun P, et al. Discon-
tinuation of secondary prophylaxis for cryptococcal meningitis
in human immunodeficiency virus-infected patients treated
with highly active antiretroviral therapy: a prospective, multi-
center, randomized study. Clin Infect Dis 2003; 36 (10):
1329-31

Lane HC, Depper JM, Greene WC, et al. Qualitative analysis of
immune function in patients with the acquired immuno-
deficiency syndrome: evidence for a selective defect in soluble
antigen recognition. N Engl J Med 1985; 313 (2): 79-84

Miedema F, Petit AJ, Terpstra FG, et al. Immunological abnor-
malities in human immunodeficiency virus (HIV)-infected
asymptomatic homosexual men: HIV affects the immune sys-

© 2004 Adis Data Information BV. All rights reserved.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Lange et al.

tem before CD4+ T helper cell depletion occurs. J Clin Invest
1988; 82 (6): 1908-14

Douek DC, Picker LJ, Koup RA. T cell dynamics in HIV-1
infection. Annu Rev Immunol 2003; 21: 265-304

Douek DC, Brenchley JM, Betts MR, et al. HIV preferentially
infects HIV-specific CD4+ T cells. Nature 2002; 417 (6884):
95-8

Dolan MJ, Clerici M, Blatt SP, et al. In vitro T cell function,
delayed-type hypersensitivity skin testing, and CD4+ T cell
subset phenotyping independently predict survival time in
patients infected with human immunodeficiency virus. J Infect
Dis 1995; 172 (1): 79-87

Clerici M, Stocks NI, Zajac RA, et al. Detection of three distinct
patterns of T helper cell dysfunction in asymptomatic, human
immunodeficiency virus-seropositive patients: independence
of CD4+ cell numbers and clinical staging. J Clin Invest 1989;
84 (6): 1892-9

Lang W, Perkins H, Anderson RE, et al. Patterns of T lympho-
cyte changes with human immunodeficiency virus infection:
from seroconversion to the development of AIDS. J Acquir
Immune Defic Syndr 1989; 2 (1): 63-9

Silveira H, Ordway D, Dockrell H, et al. Cell-mediated immune
responses to mycobacterial antigens in patients with pulmon-
ary tuberculosis and HIV infection. Clin Exp Immunol 1997;
110 (1): 26-34

Wendland T, Furrer H, Vernazza PL, et al. HAART in HIV-
infected patients: restoration of antigen-specific CD4 T- cell
responses in vitro is correlated with CD4 memory T-cell
reconstitution, whereas improvement in delayed type hyper-
sensitivity is related to a decrease in viraemia. AIDS 1999; 13
(14): 1857-62

Forte M, Maartens G, Rahelu M, et al. Cytolytic T-cell activity
against mycobacterial antigens in HIV. AIDS 1992; 6 (4):
407-11

Novak RM, Koirala J, Sirdar ML, et al. Lymphoproliferative
responses to mitogens and prepared antigens of M. avium
complex in patients with HIV infection. J Clin Immunol 2000;
20 (1): 62-7

MacArthur RD, Lederman MM, Benson CA, et al. Effects of
Mpycobacterium avium complex-infection treatment on cyto-
kine expression in human immunodeficiency virus-infected
persons: results of AIDS clinical trials group protocol 853. J
Infect Dis 2000; 181 (4): 1486-90

Havlir DV, Torriani FJ, Schrier RD, et al. Serum interleukin-6
(IL-6), IL-10, tumor necrosis factor (TNF) alpha, soluble type
IT TNF receptor, and transforming growth factor beta levels in
human immunodeficiency virus type l-infected individuals
with Mycobacterium avium complex disease. J Clin Microbiol
2001; 39 (1): 298-303

Denis M, Ghadirian E. Mycobacterium avium infection in
HIV-1-infected subjects increases monokine secretion and is
associated with enhanced viral load and diminished immune
response to viral antigens. Clin Exp Immunol 1994; 97 (1):
76-82

Horsburgh Jr CR. The pathophysiology of disseminated Myco-
bacterium avium complex disease in AIDS. J Infect Dis 1999;
179 Suppl. 3: S461-5

Ravn P, Pedersen BK. Mycobacterium avium and purified pro-
tein derivative-specific cytotoxicity mediated by CD4+ lym-
phocytes from healthy HIV-seropositive and-seronegative in-
dividuals. J Acquir Immune Defic Syndr Hum Retrovirol
1996; 12 (5): 433-41

Torriani FJ, Behling CA, McCutchan JA, et al. Disseminated
Mycobacterium avium complex: correlation between blood
and tissue burden. J Infect Dis 1996; 173 (4): 942-9

Moore RD, Chaisson RE. Natural history of opportunistic dis-
ease in an HIV-infected urban clinical cohort. Ann Intern Med
1996; 124 (7): 633-42

Drugs 2004; 64 (7)



Prophylaxis for MAC in the Era of HAART

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

114.

115.

116.

117.

118.

3. Miller V, Mocroft A, Reiss P, et al.

Havlir DV, Haubrich R, Hwang J, et al. Human immuno-
deficiency virus replication in AIDS patients with Mycobacte-
rium avium complex bacteremia: a case control study: Califor-
nia Collaborative Treatment Group. J Infect Dis 1998; 177 (3):
595-9

Orenstein JM, Fox C, Wahl SM. Macrophages as a source of
HIV during opportunistic infections. Science 1997; 276
(5320): 1857-61

Connick E. Immune reconstitution in HIV-1-infected individu-
als treated with potent antiretroviral therapy. J Investig Derma-
tol Symp Proc 2001; 6 (3): 212-8

Plana M, Martinez C, Garcia F, et al. Immunologic reconstitu-
tion after 1 year of highly active antiretroviral therapy, with or
without protease inhibitors. J Acquir Immune Defic Syndr
2002; 29 (5): 429-34

Rinaldo CR, Liebmann JM, Huang XL, et al. Prolonged sup-
pression of human immunodeficiency virus type 1 (HIV-1)
viremia in persons with advanced disease results in enhance-
ment of CD4 T cell reactivity to microbial antigens but not to
HIV-1 antigens. J Infect Dis 1999; 179 (2): 329-36

Valdez H, Smith KY, Landay A, et al. Response to immuniza-
tion with recall and neoantigens after prolonged administration
of an HIV-1 protease inhibitor-containing regimen: ACTG 375
team. AIDS Clinical Trials Group. AIDS 2000; 14 (1): 11-21

Valdez H, Chowdhry TK, Asaad R, et al. Changing spectrum of
mortality due to human immunodeficiency virus: analysis of
260 deaths during 1995-1999. Clin Infect Dis 2001; 32 (10):
1487-93

Mocroft A, Brettle R, Kirk O, et al. Changes in the cause of
death among HIV positive subjects across Europe: results from
the EuroSIDA study. AIDS 2002; 16 (12): 1663-71

Lange C, Lederman MM, Medvik K, et al. Nadir CD4+ T-
lymphocyte count and numbers of circulating CD28/CD4+ T-
lymphocytes predict functional responses to immunizations in
chronic HIV-1 infection. AIDS 2003; 17: 2015-23

Lange CG, Valdez H, Medvik K, et al. CD4+ T-lymphocyte
nadir and the effect of highly active antiretroviral therapy on
phenotypic and functional immune restoration in HIV-1 infec-
tion. Clin Immunol 2002; 102 (2): 154-61

Valdez H, Connick E, Smith KY, et al. Limited immune
restoration after 3 years’ suppression of HIV-1 replication in
patients with moderately advanced disease. AIDS 2002; 16
(14): 1859-66

Relations among CD4
lymphocyte count nadir, antiretroviral therapy, and HIV-1
disease progression: results from the EuroSIDA study. Ann
Intern Med 1999; 130 (7): 570-7

Havlir DV, Schrier RD, Torriani FJ, et al. Effect of potent
antiretroviral therapy on immune responses to Mycobacterium
avium in human immunodeficiency virus-infected subjects. J
Infect Dis 2000; 182 (6): 1658-63

Mary-Krause M, Rabaud C, Jouan M, et al. Mycobacterium
avium complex disease in HIV seropositive patients: incidence
and risk factors before and after the introduction of highly
active antiretroviral treatments: Clinical Epidemiology Group
of the Information and Care Center for Human Immuno-
deficiency. Pathol Biol (Paris) 2000; 48 (5): 495-504

Horsburgh Jr CR, Gettings J, Alexander LN, et al. Disseminat-
ed Mycobacterium avium complex disease among patients
infected with human immunodeficiency virus, 1985-2000.
Clin Infect Dis 2001; 33 (11): 1938-43

Detels R, Tarwater P, Phair JP, et al. Effectiveness of potent
antiretroviral therapies on the incidence of opportunistic infec-
tions before and after AIDS diagnosis. AIDS 2001; 15 (3):
347-55

Rossi M, Flepp M, Telenti A, et al. Disseminated M. avium
complex infection in the Swiss HIV Cohort Study: declining

© 2004 Adis Data Information BV. All rights reserved.

119.

120.

121.

122.

124.

125.

126.

127.

128.

129.

131.

132.

133.

691

incidence, improved prognosis and discontinuation of main-
tenance therapy. Swiss Med Wkly 2001; 131 (31-32): 471-7

Kovacs JA, Masur H. Prophylaxis against opportunistic infec-
tions in patients with human immunodeficiency virus infec-
tion. N Engl J Med 2000; 342 (19): 1416-29

Aberg JA, Williams PL, Liu T, et al. A study of discontinuing
maintenance therapy in human immunodeficiency virus-in-
fected subjects with disseminated Mycobacterium avium com-
plex: AIDS Clinical Trial Group 393 Study Team. J Infect Dis
2003; 187 (7): 1046-52

Aberg JA, Yajko DM, Jacobson MA. Eradication of AIDS-
related disseminated Mycobacterium avium complex infection
after 12 months of antimycobacterial therapy combined with
highly active antiretroviral therapy. J Infect Dis 1998; 178 (5):
1446-9

Shafran SD, Mashinter LD, Phillips P, et al. Successful discon-
tinuation of therapy for disseminated Mycobacterium avium
complex infection after effective antiretroviral therapy. Ann
Intern Med 2002; 137 (9): 734-7

3. Zeller V, Truffot C, Agher R, et al. Discontinuation of secon-

dary prophylaxis against disseminated Mycobacterium avium
complex infection and toxoplasmic encephalitis. Clin Infect
Dis 2002; 34 (5): 662-7

Kirk O, Lundgren JD, Pedersen C, et al. Can chemoprophylaxis
against opportunistic infections be discontinued after an in-
crease in CD4 cells induced by highly active antiretroviral
therapy? AIDS 1999; 13 (13): 1647-51

Phillips P, Kwiatkowski MB, Copland M, et al. Mycobacterial
lymphadenitis associated with the initiation of combination
antiretroviral therapy. J Acquir Immune Defic Syndr Hum
Retrovirol 1999; 20 (2): 122-8

Race EM, Adelson-Mitty J, Kriegel GR, et al. Focal
mycobacterial lymphadenitis following initiation of protease-
inhibitor therapy in patients with advanced HIV-1 disease.
Lancet 1998; 351 (9098): 252-5

Dworkin MS, Fratkin MD. Mycobacterium avium complex
lymph node abscess after use of highly active antiretroviral
therapy in a patient with AIDS [letter]. Arch Intern Med 1998;
158 (16): 1828

Cabie A, Abel S, Brebion A, et al. Mycobacterial lymphadenitis
after initiation of highly active antiretroviral therapy. Eur J
Clin Microbiol Infect Dis 1998; 17 (11): 812-3

Currier JS, Williams PL, Koletar SL, et al. Discontinuation of
Mycobacterium avium complex prophylaxis in patients with
antiretroviral therapy-induced increases in CD4+ cell count: a
randomized, double-blind, placebo-controlled trial: AIDS
Clinical Trials Group 362 Study Team. Ann Intern Med 2000;
133 (7): 493-503

. El-Sadr WM, Burman WJ, Grant LB, et al. Discontinuation of

prophylaxis for Mycobacterium avium complex disease in
HIV-infected patients who have a response to antiretroviral
therapy: Terry Beirn Community Programs for Clinical Re-
search on AIDS. N Engl J Med 2000; 342 (15): 1085-92

Cinti SK, Kaul DR, Sax PE, et al. Recurrence of Mycobacteri-
um avium infection in patients receiving highly active antire-
troviral therapy and antimycobacterial agents. Clin Infect Dis
2000; 30 (3): 511-4

Ledergerber B, Egger M, Erard V, et al. AIDS-related opportu-
nistic illnesses occurring after initiation of potent antiretroviral
therapy: the Swiss HIV Cohort Study. JAMA 1999; 282 (23):
2220-6

Foudraine NA, Hovenkamp E, Notermans DW, et al. Immu-
nopathology as a result of highly active antiretroviral therapy
in HIV-1-infected patients. AIDS 1999; 13 (2): 177-84

. Sepkowitz KA. Effect of HAART on natural history of AIDS-

related opportunistic disorders. Lancet 1998; 351 (9098):
228-30

Drugs 2004; 64 (7)



692

138.

140.

. Phillips P, Chan K, Hogg R, et al. Azithromycin prophylaxis for

Mycobacterium avium complex during the era of highly active
antiretroviral therapy: evaluation of a provincial program. Clin
Infect Dis 2002; 34 (3): 371-8

. Horsburgh Jr CR, Selik RM. The epidemiology of disseminated

nontuberculous mycobacterial infection in the acquired
immunodeficiency syndrome (AIDS). Am Rev Respir Dis
1989; 139 (1): 4-7

. Archibald LK, den Dulk MO, Pallangyo KJ, et al. Fatal myco-

bacterium tuberculosis bloodstream infections in febrile hospi-
talized adults in Dar es Salaam, Tanzania. Clin Infect Dis
1998; 26 (2): 290-6

Gilks CF, Brindle RJ, Mwachari C, et al. Disseminated Myco-
bacterium avium infection among HIV-infected patients in
Kenya. J Acquir Immune Defic Syndr Hum Retrovirol 1995; 8
(2): 195-8

. Lucas SB, Hounnou A, Peacock C, et al. The mortality and

pathology of HIV infection in a west African city. AIDS 1993;
7 (12): 1569-79

Okello DO, Sewankambo N, Goodgame R, et al. Absence of
bacteremia with Mycobacterium avium-intracellulare in
Ugandan patients with AIDS. J Infect Dis 1990; 162 (1):
208-10

© 2004 Adis Data Information BV. All rights reserved.

Lange et al.

141. Maartens G. Opportunistic infections associated with HIV in-
fection in Africa. Oral Dis 2002; 8 Suppl. 2: 76-9

142. Pettipher CA, Karstaedt AS, Hopley M. Prevalence and clinical
manifestations of disseminated Mycobacterium avium com-
plex infection in South Africans with acquired immuno-
deficiency syndrome. Clin Infect Dis 2001; 33 (12): 2068-71

143. Fordham von Reyn C, Arbeit RD, Tosteson AN, et al. The
international epidemiology of disseminated Mycobacterium
avium complex infection in AIDS: International MAC Study
Group. AIDS 1996; 10 (9): 1025-32

144. Grant AD, Djomand G, De Cock KM. Natural history and
spectrum of disease in adults with HIV/AIDS in Africa. AIDS
1997; 11 Suppl. B: S43-54

Correspondence and offprints: Dr Christoph G. Lange,
Medical Clinic, Research Center Borstel, Parkallee 35, 23845
Borstel, Germany.

E-mail: clange@fz-borstel.de

Drugs 2004; 64 (7)



	Abstract 679
	1. Mycobacterium avium-intracellulare Complex (MAC) 680
	1.1 History and Clinical Presentation 680
	1.2 Treatment for Disseminated MAC 681
	1.3 Prophylaxis 681

	2. Prophylactic Therapy Against Other Opportunistic Infections 682
	3. Immunodeficiency in AIDS and Co-infection with MAC 682
	4. Reconstitution of Immune Responses Against MAC on Highly Active Antiretroviral Therapies 684
	5. Discontinuation of Secondary Prophylaxis 685
	6. Discontinuation of Primary Prophylaxis 685
	7. MAC Prophylaxis in Resource Poor Settings 686
	8. Conclusions 687
	Acknowledgements 687
	References 687
	Correspondence 692
	Email 692

