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Mycobacterial infections are important com

plications of HIV disease. In the past decade, 

the emerging HIV pandemic has resulted in 

dramatice increases in illness caused by my

cobacteria. In particular, the HIV epidemic 

has contributed to resurgent tuberculosis in 

developed countries, exacerbations of hyper

endemic tuderculosis in developing countries, 

and unprecedented numbers of patients with 

disseminated Mycobacterium avium-omplex 

infections.

Mycobacterium tuberculosis

The overlap of HIV and M. tuberculosis infec

tions has resulted in a number of significant 

interactions between these two pathogens. 

Epidemiologic data indicate that HIV infection 

is increasingly common in populations with a 

high prevalence of M. tuberculosis infection. In 

the United States, for example, HIV is prevalent 

in injection drug users, people from racial and 

ethnic minority groups, and residents of inner 

cities, populations with historically high rates 

of tuberculosis1). The increased susceptibility of 

these coinfected individuals to developing active 

tuberculosis contributed to a 20% increase in 

tuberculosis morbidity in the United States 

between 1985 and 19922). In developing countries 

where the prevalence of tuberculosis infection in 

adults may exceed 50%, the spread of HIV has 

caused sharp increases in tuberculosis case

 rates3). Substantial increases in tuberculosis 

morbidity have occurred in sub-Saharan Afri

can countries, Thailand, and in Latin American 

countries where HIV is prevalent. The World 

Health Organization estimates that the pre

valence of HIV-related tuberculosis doubled 

worldwide between 1990 and 1995 (from 4% to >

8% of all cases), and will increase a further 65% 

by the year 20004). As case rates of tuberculosis 

have increased as a consequence of the HIV 

epidemic, additional problems have emerged. 

Outbreaks of tuberculosis in HIV-infected 

individuals in hospitals or other congregate 

living facilities and multidrug resistant tuber

culosis are problems that have assumed 

enormous proportions5).

HIV infection profoundly alters host defenses 

against M. tuberculosis. In individuals with 

latent tuberculosis infection, the acquisition of 

HIV infection produces progressive loss of cell

mediated immunity which impairs containment 

of tubercle bacilli. A number of immunologic 

defects have been described in patients with HIV 

and M. tuberculosis infections, including im

paired T-cell proliferation, decreased cytolytic 

responses, and reduced cytokine elaboration 

in response to mycobacterial antigen challenge. 

Patients with latent tuberculosis infection and 

HIV have a 2-10% annual risk of developing 

active tuberculosis6•`9). The risk of reactivation 

rises and CD4 cell levels decline.
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The early natural history of M. tuberculosis 

infection is also greatly affected by HIV disease. 

Individuals with HIV infection who acquire new 

tuberculosis infections have an extraordinarily 

high rate of progressive, primary tuberculosis. 

In an outbreak of tuberculosis among HIV-

infected residents of a residential facility in San 

Francisco, 38% of susceptible patients developed 

active pulmonary tuberculosis with an identical 

strain of M. tuberculosis (identified by restric

tion fragment length polymorphism analysis) 

within four months of exposure to the index

 case10). The rapid progression of tuberculosis 

infection to tuberculosis disease in individuals 

with HIV infection has resulted in numerous 

epidemics of tuberculosis in institutions such as 

hospitals, nursing homes, and prisons, as well 

as in community settings. Recent studies have 

shown that approximately 40% of tuberculosis 

cases in San Francisco and northern New York 

City are epidemiologically clustered, indicating 

recent transmission and primary disease11)12). In 

both settings, HIV infection was significantly 

associated with clustering of tuberculosis cases.

While HIV has a major effect on the natural 

history of tuberculosis, there is also evidence 

that tuberculosis may affect the course of HIV 

disease. Activation of CD4 lymphocytes by 

tuberculosis enhances susceptibility to HIV 

infection in vitro, and HIV-infected CD4 cells 

stimulated by mycobacterial antigens have 

enhanced in vitro HIV replication13). Cytokine 

elaboration by lymphocytes and macrophages in 

patients with tuberculosis and HIV, in particular 
tumor necrosis factor and interleukin-2, may 

upregulate HIV expression14). Preliminary stud

ies indicate that HIV viral load is increased in 

patients with active tuberculosis and HIV infec

tion. Thus, prevention of tuberculosis in HIV-

infected persons may prevent AIDS-related 

morbidity in addition to tuberculosis.

The clinical features of tuberculosis in 

individuals with HIV infection may differ 

considerably from those seen in patients without 

HIV infection15). In patients with higher CD4 cell 

counts (e.g.,>300), tuberculosis may be more 

typical, with pulmonary disease predominantly

 and upper lobe infiltrates, with or without 

cavitation16). As CD4 cell levels decline, tuber

culosis in the HIV-infected patient is more 

likely to be disseminated, both within the lung 

and throughout the body17). The pulmonary 

presentation of tuberculosis in these patients 
may mimic Pneumocystis carinii pneumonia, 

with diffuse interstitial infiltrates and/or 

alveolar infiltrates. Hilar adenopathy and lower 

lobe infiltrates are found in patients with 

progressive, primary tuberculosis. In advanced 

HIV disease, extrapulmonary tuberculosis is 

more common. Sites of extrapulmonary involve

ment that are most prevalent are lymph nodes, 

the urinary tract, meninges, and blood and bone 

marrow. Mycobacteremia is not unusual, 

particularly in patients with CD4 cell counts<
100. The diagnosis of tuberculosis in the HIV-

infected patients requires a high index of 

suspicion and the utilization of appropriate 

diagnostic tests. Acid fast smears of respiratory 

secretions or tissue samples is useful, in that 

positive smears are strongly predictive of 

tuberculosis, even in populations where M.

 avium-complex is more common. Rapid 

diagnostic methods, such as radiometric culture 

systems, nucleic acid amplification, or other 

novel techniques are necessary to establish a 

timely diagnosis. Presumptive therapy for 

tuberculosis is often necessary while diagnostic 

studies are underway.

Treatment of tuberculosis in patients with HIV 

infection is extremely effective when begun

 promptly18). Early mortality from untreated or 
undertreated tuberculosis has ranged from 5 to 

18 percent of patients in various series. When 

patients with HIV-related treatment are treated 
with rifampin-based regimens, clinical re

sponses are gratifying and similar to tuber

culosis patients without HIV infection. Several 

recent studies have indicated that short course 

regimens (i.e., six months treatment) are highly 

successful, with low relapse rates19). Moreover, 

therapy given under direct supervision is 

associated with better outcomes and longer

 survivalm. Use of thiacdtazone in place of 

rifampin in developing counrties has been
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associated with a high rate of serious cutaneous 

toxicities, and responses to thiacetazone-based 

regimens are poorer than to rifampin-based 

regimens2122).

Resistance to antituberculosis agents is a 

growing problem that has been exacerbated by 

the HIV epidernic23)24). While the molecular 

mechanisms of isoniazid and rifampin resistance 

were only recently elucidated, the manner in 

which drug resistance occurs in patients has 

long been known28)•`27). Inappropriate exposure 

to antituberculosis drugs, through patient non

adherence or physician mistake, promotes 

emergence of innately resistant strains of M.

 tuberculosis28). The magnitude of drug resistant 

tuberculosis has grown substantially in recent 

years, particularly in the United States. In New 

York City, the prevalence of drug resistance in 

tuberculosis isolates from April 1991 was 

approximately 33%, while multidrug resistance 

(resistance to isoniazid and rifampin) was 

detected in 19% of isolates24). Outbreaks of 

multidrug resistant tuberculosis were reported 

in hospital patients and prison inmates in New 

York, Florida and other locations, primarily in 

HIV-infected individuals. Case fatality rates 

have approached 80% in these outbreaks. Control 

of multidrug resistant tuberculosis has required 

enormous investments in tuberculosis treatment 

programs and institutional infection control 

programs. With the emergence of multidrug 

resistant tuberculosis, the United States Centers 

for Disease Control and the American Thoracic 

Society have recommended that the initial 

treatment of active tuberculosis consist of at 

least a four drug regimen, and that therapy be 

supervised unless adherence to treatment is 

assured29). Treatment of multidrug resistant 

tuberculosis is frequently unsuccessful, even in 

immunocompetent patients, underscoring the 

importance of prevention of this complicationm. 

 Prevention of tuberculosis in HIV-infected 

persons can be achieved with isoniazid chemo

prophylaxis. Several studies have demonstrated 

the effectiveness of isoniazid preventive therapy. 

Pape and colleagues showed that isoniazid 

preventive therapy reduced the risk of both

 tuberculosis and death in HIV seropositive 

Haitian  adults31). The benefit of preventive 

therapy was only apparent in tuberculin skin 

test positive patients, although the number of 

anergic patients was too small to draw firm 

conclusions. The Centers for Disease Control 

and Prevention recommend that isoniazid 

preventive therapy be given to PPD-positive, 

HIV seropositive persons who do not have 

evidence of active tuberculosis. The role of 

prophylaxis in anergic patients remains con

troversial. Prospective studies are underway to 

determine whether preventive therapy is 

efficacious in such individuals. Alternatives to 

isoniazid prophylaxis are under study also. The 

combination of rifampin and pyrazinamide 

given for two months is extremely effective in the 

murine model of chronic tuberculosis32). One 

study has suggested that this regimen is active in 

HIV-infected, PPD-positive adults, and a larger 

study is still ongoing33). Other alternatives 

include short courses of rifampin, rifabutin, or 

the combination of isoniazid and rifampin34).

Mycobacterium avium-Complex

Disseminated M. avium-complex infection is 

an increasingly common complication of HIV35). 

While prior to the AIDS epidemic disseminated 

M. avium-complex infections were extremely 

rare, tens of thousands of cases have occurred in 

the United States alone among AIDS patients36). 

Common signs and symptoms of disseminated 

M. avium-complex include fever, sweats, weight 

loss, diarrhea, malaise, hepatomegaly, anemia, 

and elevated liver enzymes. The diagnosis of 

disseminated M. avium-complex is usually 

made by isolation of organisms from blood or 

bone marrow cultures. M. avium-complex may 

be restricted to the lymph nodes, gastrointe

stinal tract or the lungs in occasional patients. 

 Several risk factors for disseminated M. avium-c

omplex have been identified. The most 

important predictor of subsequent disseminated 

M. avium-complex is low CD4 lymphocyte 

count37)38). Several prospective studies have 

shown that as CD4 counts fall to <100/mm3, the 

annual incidence of M. avium-complex bac
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teremia rises substantially39). For patients with 

CD4 counts < 50/mm3, the risk of M. avium

complex bacteremia is between 10 and 20 percent 

per year. Prior colonization of the respiratory 

and gastrointestinal tracts increase the risk of 

disseminated  M. avium—complex significantly, 

but most patients with M. avium-complex 

bacteremia never show evidence of coloniza

tion40), Recent data suggest that genetic 

susceptibility to M. avium-complex infection 

may be related to the HLA B35 haplotype41). The 

role of other genes in host resistance to M. 

avium-complex and other mycobacterial infec

tions in humans is not clear.

The pathogenesis of M. avium-complex infec

tions in patients with HIV is not precisely 

understood. Exposure to the organism presu

mably occurs from ingestion of contaminated 

water or food. Colonization of the gastro

intestinal or respiratory systems ensue, and 

seeding of other organs, such as lymph nodes, 

may also occur. Subsequent dissemination 

develop when cell mediated immunity has been 

ablated by HIV progressive infection. For some 

time it has been hypothesized that M. avium

complex bacteremia is an "overflow" pheno

menon, with organisms spilling into the blood 

from heavily infected organs. Several recent 

studies suggest that bacteremia precedes 

dissemination, however, and transient bac

teremia with less severe clinical disease may be 

present in 10-15 percent of patients42). An 

autopsy study of patients with previous myco

bacteremia showed that evidence of M. avium

-complex in organs was found in 50 percent of 

patients who died within one month of being 

bacteremic but in > 90 percent of patients who 

died more than six months after developing 

bacteremia43).

Because disseminated M. avium-complex 

infection is a predictable late complication of 

HIV disease, chemoprophylaxis is desirable. 

Rifabutin, a semisynthetic rifamycin S deriva

tive, was shown in two placebo-controlled trials 

to reduce the incidence of M. avium-complex 

bacteremia in AIDS patients with CD4 counts 

< 200/mm3 by 50 percent44). The United States

Public Health Service has recommended that 

lifelong rifabutin preventive therapy be offered 

to HIV-infected patients with CD4 counts < 100/

mm345). Rifabutin given at a dose of 300mg 

daily was well tolerated in the clinical trials, 

though there have been recent reports of uveitis 

in patients treated with rifabutin in higher

 doses46). Concomitant use of fluconazole or 

clarithromycin increases serum rifabutin levels 

and may result in a greater risk of this toxicity. 

Failure of rifabutin prophylaxis does not appear 

to select for drug-resistant M. avium-complex 

organisms. A recent, unpublished study suggests 

that clarithromycin is also effective in preventing 

M. avium-complex bacteremia in patients with 

HIV infection, though selection of resistant 

organisms may occur47).

Treatment of disseminated M. avium-complex 

in patients with AIDS has been daunting, as 

many standard antimycobacterial agents have 

been found to have minimal activity against this 

pathogen. Four to five drug combination 
regimens have shown moderate to good effect in 

some studies48)49). The extended spectrum 

macrolides clarithromycin and azithromycin 

have been shown to have superior activity 

against M. avium-complex disease in several 

studies. Clarithromycin at doses of 500 to 2000 

mg twice daily significantly reduces levels of 

bacteremia and is associated with clinical 

improvement. Lower doses of clarithromycin 

are better tolerated and may be associated with 

better survival. Use of clarithromycin alone for 

the treatment of M. avium-complex bacteremia 

is associated with high rates of emergence of 

resistant organisms. Azithromycin also reduces 

the level of bacteremia, and its use as mono

therapy similarly results in emergence of drug

-resistant disease50). The United States Public 

Health Service Task Force recommends that 

combination therapy for disseminated M. avium

-complex should consist of clarithromycin or 

azithromycin with at least one other antimyco

bacterial agent. Other agents with known 

activity against M. avium-complex are etham

butol and rifabutin51). Other drugs also used 

include ciprofloxacin, amikacin, rifampin, and
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clofazimine. Recently, interferon gamma has 

been shown to be active in controlling disse

minated M. avium-complex infections in 

patients without HIV52). The efficacy of inter
feron gamma in AIDS patients is not known.

Other Mycobacteria

Patients with HIV infection are susceptible to 

a number of other mycobacterial infections, 

though these are less common than tuberculosis 

or M. avium-complex. M. kansasii infections 

generally mimic tuberculosis, presenting in 
severely immunocompromised HIV-infected 

patients with cavitary or diffuse pulmonary
 infiltrates53). Bacteremia, osteomyelitis and soft 

tissue infections are also seen. Treatment with 

isoniazid, rifampin and ethambutol for 18 

months is recommended. M. genavense causes 

disseminated disease in advanced immunode

ficiency, with bacteremia and other organ

 involvement54). The organism grows poorly in 

liquid media and cannot be cultured on solid 

media. It is detectable by amplification of 

genomic sequences by the polymerase chain 
reaction. Formal studies of treatment for M. 

genavense infections have not been conducted, 
but anecdotal information suggests that regi
mems active against M. avium-complex are 

also effective for this organism. M. hemophilum 

may cause skin and soft tissue infections in 

AIDS patients, and case reports of infections 

with M. fortuitum, M. chelonei, and M. xenopi 

have appeared.
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