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Mycobacterium avium Complex

Definition

Mycobacterium avium complex (MAC) comprises two closely related acid-fast bacteria, M. avium
and M. intracellulare. The most common clinical presentation of disease due to these organisms in
adults is infection of the respiratory tract, primarily seen in immunocompetent individuals with
underlying chronic pulmonary disease, while disseminated infection is primarily a complication of
advanced human immunodeficiency virus (HIV) infection. Although the incidence of disseminated
MAC infection (dMAC) has declined significantly with the widespread use of potent combination
antiretroviral therapy (ART), it still remains an important complication of advanced HIV infection.

Epidemiology

Mycobacterium avium complex organisms are thought to have little virulence in the normal host,
and prior to the onset of the HIV epidemic had mostly been recognized as a cause of localized
pneumonia in persons with chronic pulmonary disease. Reports of dMAC infection were extremely
rare prior to 1980, when there were only 24 cases reported in the literature (Horsburgh 1991). After
the onset of the HIV epidemic, MAC infection became increasingly recognized as a cause of illness

in individuals with advanced HIV, as defined by a CD4 T cell count of less than 100 cells/mm?3, and
the incidence of dMAC infection increased as the HIV epidemic worsened. MAC typically presents as
disseminated disease in HIV-infected individuals not on ART, although localized MAC disease can
occur in HIV-infected individuals on ART, presenting as localized lymphadenitis, pericarditis,
osteomyelitis, skin and soft tissue infection, or central nervous system infection.

MAC has been isolated from water, soil, foods, and a variety of animal species, and is thought to be
ubiquitous in the environment (Gordin and Horsburgh 2005). Water is the main source for infection
and MAC has been isolated from tap drinking water, ice machines, swimming pools, hot tubs, and
spas (Corti and Palmero 2008). The ubiquitous nature of MAC in the environment has made
infection difficult to prevent. It is estimated that 7-12% of adults have been previously infected with
MAC (Benson 1994b), and before the widespread availability of ART up to 40% of patients with
acquired immune deficiency syndrome (AIDS) developed dMAC. With the widespread availability of
ART and MAC prophylaxis, the incidence of dMAC has significantly decreased and occurs rarely in
those on ART even with low CD4 T cell counts.



The most significant risk factor for dMAC is a CD4 cell count less than 50 cells/mm?3. No
environmental exposure or specific behavior has consistently been associated as a risk factor
(Karakousis et al. 2004). Prior opportunistic infections including Pneumocystis jirovecii pneumonia
(PJP), severe anemia, and interruptions in antiretroviral therapy may increase the risk for dMAC
(Benson 1994b), as do high plasma HIV RNA levels (>100,000 copies/mL) and previous colonization
of the respiratory or gastrointestinal (Gl) tract with MAC (Benson 1994b). Neither gender nor
racial/ethnic group appears to be associated with dMAC (Benson 1994b). It should be noted that
assessment of risk has largely been done prior to the availability of effective ART, and most risk
factors were evaluated in individuals not receiving effective ART.

Pathogenesis

MAC is made up of two closely related organisms, M. avium and M. intracellulare, which can be
distinguished by polymerase chain reaction (PCR) and other molecular testing. M. avium complex
bacilli are acid-fast, slowly growing bacteria that are comprised of 28 serogroups, with serogroups 4
and 8 most frequently isolated from HIV-infected persons. M. avium appears to be a more
important pathogen in disseminated disease, while M. intracellulare is a more important pathogen
in causing respiratory disease (Guthertz et al. 1989; Han et al. 2005). There is no difference in
treatment of these two organisms, so they are not routinely differentiated at diagnosis. MAC
isolates from individuals with advanced HIV differ from both isolates in individuals without HIV and

isolates from environmental sources, and have been shown to be more virulent in vitro and in
animal models (Horsburgh 1991).

Person-to-person transmission of MAC does not appear likely, and those living in the same
household or close contacts of those with MAC disease do not appear to be at increased risk for
infection (Horsburgh 1999). The primary mode of transmission is via inhalation, ingestion, or
inoculation with bacilli via the respiratory or Gl tract, with the Gl tract being the most common
portal of entry (Corti and Palmero 2008). In individuals with intact immune systems, asymptomatic
colonization of the respiratory or Gl tract can occur without further dissemination.

In individuals with advanced HIV, after MAC exposure and mucosal entry, transient MAC bacteremia
occurs, followed by tissue invasion and colonization. Bacteria are taken up by polymorphonuclear
leukocytes (PMNs), mononuclear phagocytes, fibroblasts, and endothelial cells and disseminated
primarily to reticuloendothelial organs such as the liver, spleen, and bone marrow (Karakousis et al.
2004). In the absence of an effective immune response, persistent bacteremia occurs with ongoing
mycobacterial replication and increasing tissue infiltration (Corti and Palmero 2008).

Disseminated MAC may be secondary to primary infection and subsequent dissemination in an
immunocompromised host, or secondary to reactivation of MAC acquired previously, followed by
dissemination (Gordin and Masur 1994). Cell-mediated immunity is probably the most important
factor in immunological control of MAC and protection from infection. In a prospective study of
individuals with HIV and CD4 cell counts less than 50 cells/mm3, the risk of developing MAC
bacteremia within 1 year was 60% in those colonized with MAC in the respiratory or Gl tract, with a
greater risk in those with colonization of the Gl tract (Corti and Palmero 2008).



Clinical Manifestations

In individuals not infected with HIV, MAC is most commonly a localized infection of the respiratory
tract and causes pneumonia in individuals with chronic lung disease from etiologies such as chronic
obstructive pulmonary disorders (COPD) and silicosis. In individuals infected with HIV who are not
on effective ART, disseminated disease is most common, although localized disease of the
pulmonary system can occur, presenting as pulmonary nodules, infiltrates, or cavities. Localized
MAC can also present as isolated pericarditis, intra-abdominal or soft tissue abscesses, skin lesions,
osteomyelitis, or central nervous system (CNS) lesions (Benson 1994b). MAC can also present as a
syndrome resembling Whipple's disease with localized involvement of the small intestine, although
this is likely a localized manifestation of disseminated disease (Corti and Palmero 2008). Thus, in
HIV-infected individuals not receiving effective ART, MAC is classically a disseminated disease that
involves multiple organ systems.

Clinical symptoms generally precede bacteremia by a number of weeks and are nonspecific but
include fever, night sweats, weight loss, fatigue, abdominal pain, and diarrhea (Horsburgh 1991;
Corti and Palmero 2008; Benson 1994b). All of these symptoms are nonspecific and can occur with
other opportunistic infections or advanced HIV disease. Approximately 40% of individuals with HIV
and MAC have diarrhea and 20% intractable abdominal pain, which although nonspecific may point
toward a diagnosis of dMAC (Corti and Palmero 2008). Other signs of dMAC on physical exam
include lymphadenopathy and hepatosplenomegaly. Significant anemia, neutropenia from bone
marrow infiltration, elevated alkaline phosphatase levels, and increased lactate dehydrogenase
(LDH) levels offer evidence of dMAC infection on laboratory analysis (Corti and Palmero 2008;
Benson 1994b).

Distinguishing dMAC infection from other opportunistic infections, particularly Mycobacterium
tuberculosis (MTB) infection, can be challenging. Although MAC is ubiquitous in the environment,
there is an inverse geographical relationship between MTB prevalence and MAC prevalence (Corti
and Palmero 2008), which may aid in differentiating these two pathogens. In addition, night sweats,
significant peripheral lymphadenopathy, and lung involvement are more common signs and
symptoms of disseminated MTB infection, while leukopenia, elevated alkaline phosphatase levels,
and hepatosplenomegaly are more common in dMAC (Corti and Palmero 2008).

In individuals with HIV on ART with good immunological and virological response to therapy, the
most common presentation of dMAC infection is “unmasking” immune reconstitution inflammatory
syndrome (IRIS) from a previously undiagnosed infection. Previously diagnosed or treated dMAC
can also worsen after ART initiation, termed “paradoxical” IRIS. IRIS secondary to underlying MAC
disease is clinically indistinguishable from active MAC disease, although the temporal association of
signs and symptoms compatible with dMAC after the introduction of ART points toward a diagnosis
of MAC IRIS (Corti and Palmero 2008). IRIS from underlying MAC disease may be relatively benign
and self-limiting, or may result in severe symptoms necessitating treatment with anti-inflammatory
therapy or corticosteroids at doses similar to the treatment of IRIS secondary to MTB (Phillips et al.
2005). IRIS associated with MAC typically presents with localized lymphadenitis or soft tissue
abscess, so any abscess associated with IRIS should prompt consideration for underlying MAC
infection. Treatment of both “unmasking” and “paradoxical” IRIS should include continuation of



ART, treatment of underling MAC infection, and if needed symptomatic treatment with anti-
inflammatory therapy or corticosteroids (Corti and Palmero 2008).

Diagnosis

The clinical presentation of dMAC infection can closely resemble disseminated MTB infection, so
careful consideration and workup for disseminated MTB is critical, as the treatment of MAC and
MTB differ considerably.

Diagnosis of dMAC infection is based on consistent clinical signs and symptoms, along with
isolation of MAC from blood, lymph node aspirate, bone morrow aspirate, or cultures from other
normally sterile sites (Benson 1994a). Within 14 days of the onset of symptoms, MAC bacteremia
occurs in 86-98% of individuals with dMAC (Corti and Palmero 2008), so isolation of MAC from
blood cultures is typically the easiest and least invasive way to diagnosis dMAC. Patients with dMAC
often have continuous, high-grade bacteremia with high colony counts, making one or two blood
cultures usually adequate for diagnosis (Woods 1994).

Hepatomegaly, splenomegaly, paratracheal, retroperitoneal, para-aortic, or peripheral
lymphadenopathy may be found with dMAC disease and is often easily visualized by computed
tomography (CT) scan. In cases of negative blood cultures or when further workup of
lymphadenopathy is warranted, enlarged lymph nodes are potential sites for biopsy. Except for
peripheral blood culture, all specimens obtained should be prepared for acid-fast bacilli (AFB)
smear prior to submission for mycobacterial culture (Woods 1994). Since the Gl tract is the most
frequent anatomical site involved, duodenal or mucosal biopsies can be diagnostic as well, with
white mucosal lesions visualized in the duodenum in about 80% of individuals with Gl involvement
on endoscopy (Corti and Palmero 2008). MAC can also be found on liver biopsy with disseminated
disease. In one retrospective study, 501 HIV-infected individuals with either abnormal liver function
tests, fever greater than 2 weeks, or hepatomegaly underwent percutaneous liver biopsy. The most
common diagnosis on biopsy was MAC, seen in over 17% of biopsies (Poles et al. 1996).

Isolation of MAC by conventional mycobacterial culture on solid medium generally takes 3—4 weeks,
but can be decreased to 5-12 days with culture on liquid media, such as with the radiometric
BACTEC TB system. It is generally recommended that specimens be sent for culture on both liquid
and solid media. Solid media allow for visualization of colony morphology, growth rates, and
quantification, while liquid media allow for a higher mycobacterial yield and quicker diagnosis. In
addition, commercial DNA probes are now available for confirmation of MAC within hours.

Since MAC often colonizes the respiratory and Gl tract, sputum and stool cultures can represent
colonization rather than true infection; positive cultures may be difficult to interpret. While
colonization with MAC can be predictive of future dMAC infection, routine screening with Gl or
respiratory tract cultures is not recommended as there is a lack of data supporting prophylaxis for
asymptomatic patients harboring MAC at these sites.

Prevention of MAC Infection

Because individuals who are profoundly immunosuppressed are at significantly increased risk for
developing dMAC infection, primary prophylaxis is indicated in adults and adolescents infected with



HIV who have a CD4 cell count less than 50 cells/mm3. Before initiating primary prophylaxis for
MAC disease, both dMAC and MTB infection should be ruled out. In some settings routine primary
prophylaxis is not initiated if ART is started immediately, even in cases where the CD4 cell count is

less than 50 cells/mm3, as the risk of dMAC is thought to be minimal in patients with rapid immune
reconstitution to ART (Lange et al. 2004). There is currently no evidence to support this strategy and
the recommendation is still to initiate primary prophylaxis if indicated based on CD4 cell count.

Rifabutin, a rifamycin that has activity both in vitro and in animal models against MAC and MTB,
was among the first antimycobacterial agents to be evaluated in individuals with HIV/AIDS. Two
randomized, double-blind, placebo-controlled trials of rifabutin 300 mg daily versus placebo for
prevention of dMAC disease in persons with HIV demonstrated decreased incidence of MAC in the
rifabutin arms, although there was no significant difference in survival compared to placebo
(Nightingale et al. 1993). However, potential drug interactions, high cost, limited availability,
potential for development of cross-resistance in individuals coinfected with MTB, and requirement
for daily dosing prompted the investigation of other alternatives to rifabutin, including macrolide
and azalide antibiotics also shown to have in vitro and in vivo activity against MAC.

A randomized, double-blind trial compared azithromycin 1200 mg weekly, rifabutin 300 mg daily,
and azithromycin 1200 mg weekly plus rifabutin 300 mg daily. After 1 year of follow-up the risk of
MAC was reduced in the azithromycin arm by almost 50% (MAC incidence rate of 15.3% in the
rifabutin arm compared to 7.6% in the azithromycin arm). The azithromycin plus rifabutin
combination arm had the greatest efficacy in preventing MAC with a MAC rate of 2.8% at 1 year of
follow-up, but dose-limiting toxicity was significantly more common in the combination arm (Havlir
et al. 1996).

Another randomized, double-blind, placebo-controlled trial compared clarithromycin 500 mg twice
daily, rifabutin 450 mg daily, and clarithromycin 500 mg twice daily plus rifabutin 450 mg daily.
After a median follow-up of almost 2 years, 9% of individuals developed MAC in the clarithromycin
arm versus 15% in the rifabutin arm and 7% in the combination therapy arm. While there was an
increased risk of developing MAC in the rifabutin arm, there was no significant difference in MAC
incidence between the clarithromycin and combination clarithromycin and rifabutin arms (Benson et
al. 2000).

Thus, the preferred prophylactic regimen includes either azithromycin 1200 mg weekly or
clarithromycin 500 mg twice daily (or 1000 mg extended-release tablets) in patients with a CD4 cell
count less than 50 cells/mm3 (Table 1). Azithromycin has the advantage of weekly dosing rather
than daily dosing and fewer drug-drug interactions than clarithromycin and rifabutin. In patients
who cannot tolerate either azithromycin or clarithromycin, rifabutin 300 mg daily is the
recommended alternative. Clarithromycin is associated with an increased risk of birth defects in
animal studies and miscarriage in humans (Anderson et al. 2013), so azithromycin is recommended
for primary prophylaxis in pregnant women.

M. avium Complex and Other Nontuberculous Mycobacteria and HIV, Table 1 Recommendations
for primary and secondary prophylaxis of disseminated MAC disease in HIV infection



Preferred therapy:.

Azithromycin 1200 mg
PO once weekly, or

Clarithromycin 500 mg
. o . . PO BID

Indications for initiating primary prophylaxis:
If the CD4 cell count is <50 cells/mm?3, after ruling out disseminated Alternative therapy:

MAC and Mycobacterium tuberculosis infection Rifabutin 300 mg PO

daily
In pregnancy:.

Azithromycin 1200 mg
PO once weekly

Indications for discontinuing primary prophylaxis:

If on effective ART, once the CD4 cell count is >100 cells/mm3 for greater than 3 months

Indications for restarting primary prophylaxis:

If the CD4 cell count decreases to <50 ceIIs/mm3

MAC prophylaxis can be safely discontinued for patients on effective ART once they have achieved
viral load suppression and immune reconstitution. A randomized, double-blind, placebo-controlled
trial of 520 individuals found no cases of MAC in either the placebo arm or the azithromycin 1200

mg weekly arm after 12 months in individuals who had an increase in CD4 cell count to above 100

cells/mm3 for greater than 3 months on ART (El-Sadr et al. 2000). A similar randomized, placebo-
controlled trial of azithromycin 1200 mg weekly versus placebo found that after 16 months of
follow-up, there were only 2 cases of dMAC out of 321 in the placebo group versus 0 cases out of
322 in the continued azithromycin group, with no statistically significant difference between the two
groups (Currier et al. 2000). Thus, it appears safe to discontinue MAC prophylaxis once the CD4 cell

count has increased above 100 cells/mm3 for greater than 3 months. Primary prophylaxis should be

reintroduced if the CD4 cell count decreases to less than 50 cells/mm?3.

Treatment of MAC Infection

Given the risk for the development of resistance and subsequent relapse with monotherapy, initial
treatment of MAC disease should consist of two or more antimicrobial drugs. It is recommended
that MAC isolates be tested for clarithromycin or azithromycin susceptibility in all patients (Griffith
et al. 2007).

In a randomized, double-blind study investigating clarithromycin for treatment of MAC bacteremia
in HIV-infected individuals, clarithromycin 500 mg twice daily had equivalent efficacy toward



clearance of bacteremia and decreased mortality rates at 6 weeks compared to higher
clarithromycin doses (1000 mg and 2000 mg twice daily). The lower-dose clarithromycin arm was
also better tolerated; there was a statistically significant increase in adverse effects with the 2000
mg twice daily dose. Emergence of clarithromycin-resistant strains was a significant problem with all
doses and occurred in 46% of subjects at 16 weeks (Chaisson et al. 1994).

In another randomized, open-labeled trial, individuals with dMAC were randomized to receive
either clarithromycin 500 mg twice daily or 1000 mg twice daily plus weight-based ethambutol, plus
either rifabutin 300 mg daily or clofazimine 100 mg daily. After a mean follow-up of 4.5 months,
22% of patients receiving low-dose clarithromycin died compared to 43% of those receiving high-
dose clarithromycin, leading to the discontinuation of the high-dose clarithromycin arms. There
were no differences in clinical or bacterial outcomes between the remaining arms. Thus,
clarithromycin doses greater than 1000 mg/day should be avoided due to increased mortality risk
(Cohn et al. 1999).

In a small randomized, open-labeled trial comparing azithromycin 600 mg daily plus weight-based
ethambutol and clarithromycin 500 mg twice daily plus weight-based ethambutol for the treatment
of MAC bacteremia, at 16 weeks the clarithromycin-ethambutol regimen cleared bacteremia in 86%
of patients versus 38% of patients in the azithromycin-ethambutol arm. There was no statistically
significant difference in resolution of symptoms, laboratory abnormalities, or adverse events
between the two regimens (Ward et al. 1998).

Another randomized, double-blind study investigated the treatment of MAC bacteremia in HIV-
infected individuals with weight-based ethambutol plus either azithromycin 250 mg daily,
azithromycin 600 mg daily plus, or clarithromycin 500 mg twice daily. After 24 weeks of therapy
there was no significant difference in clearance of bacteremia, relapse, or mortality rates between
the high-dose azithromycin arm and the clarithromycin arm, although the trend favored
clarithromycin. The low-dose azithromycin arm had poor clearance of bacteremia and was dropped
midway through the study (Dunne et al. 2000).

Lastly, in a multicenter, randomized, open-label trial of patients with AIDS and MAC bacteremia,
individuals were randomized to either clarithromycin 500 mg twice daily plus ethambutol 15
mg/kg/day, clarithromycin 500 mg twice daily plus rifabutin 450 mg daily, or clarithromycin 500 mg
twice daily plus ethambutol 15 mg/kg/day plus rifabutin 450 mg daily. After 12 weeks of follow-up
there was no significant difference in microbiological response between the three arms, although
there was a higher relapse rate in the clarithromycin plus rifabutin arm compared to the other two
arms. There was improved survival and a lower relapse rate in the three-drug arm, and no
significant difference in adverse events among the three arms (Benson et al. 2003).

Based on the aggregate of these data, the treatment recommendation for dMAC is either
clarithromycin 500 mg twice daily plus ethambutol 15/mg/kg day, or azithromycin 500 mg daily
plus ethambutol 15 mg/kg daily (Table 2). Rifabutin 300-450 mg daily is the recommended agent if
a third drug is to be added. The addition of a third or fourth agent should be considered in patients

with advanced immunosuppression (CD4 cell count less than 50 cells/mm?3), high mycobacterial
loads (>2 log1q colony-forming units/mL of blood), absence of effective ART, or where emergence



of drug resistance is likely. Other alternative agents including amikacin, streptomycin, or a
fluoroquinolone such as levofloxacin or moxifloxacin may be considered, although randomized
clinical trials evaluating these agents are lacking. To minimize the occurrence of drug reactions and
treatment-associated IRIS, in most cases ART and antimycobacterial therapy should not be initiated
concurrently. ART should be initiated as soon as possible following the first 2 weeks of dMAC
treatment to reduce the occurrence of other opportunistic infections.

M. avium Complex and Other Nontuberculous Mycobacteria and HIV, Table 2 Recommendations
for the treatment of disseminated MAC disease in HIV infection

Testing for drug susceptibility to clarithromycin or

azithromycin is recommended
Preferred therapy:
Standard therapy should include at least two drugs, with
consideration for a third or fourth agent with: Clarithromycin 500 mg PO BID plus

ethambutol 15 mg/kg PO daily, or
Advanced immunosuppression (CD4 count <50

Azithromycin 500 mg PO daily plus
ethambutol 15 mg/kg PO daily

cells/mm3)

High mycobacterial loads (>2 logqqg colony-forming
. Recommended third agent.
units/mL of blood)

Absence of effective ART Rifabutin 300-450 mg PO daily

If the emergence of drug resistance is likely

Other agents: Amikacin, streptomycin, levofloxacin,

Use should be based on drug susceptibility testing or moxifloxacin

For clarithromycin-resistant MAC, the recommendation is to treat with a fluoroquinolone such as
moxifloxacin or levofloxacin plus ethambutol plus rifabutin. Multiple studies looking at clofazimine
have not demonstrated improved microbiological response and its use has been associated with
increased mortality, so it is not recommended in the treatment of MAC infection (Karakousis et al.
2004). Treatment with azithromycin and ethambutol is the preferred regimen for pregnant women,
given the association of birth defects in mice and rats with clarithromycin (Corti and Palmero 2008).

An improvement in fever curve should be expected within 2 to 4 weeks after starting treatment,
although in very extensive disease or advanced immunosuppression clinical response may be
delayed. Repeat blood cultures for MAC should be obtained 4-8 weeks after initiating therapy in
patients who fail to have an adequate clinical response to treatment. It is reasonable to discontinue
therapy after individuals have completed at least 12 months of therapy, have no signs or symptoms

of MAC, and have sustained a CD4 cell count greater than 100 cells/mm3 for 6 months after ART
initiation (Aberg et al. 2003).

If individuals have a poor clinical response and persistent mycobacteremia after 4-8 weeks of
treatment, repeating susceptibility testing for azithromycin and clarithromycin is recommended.
Treatment regimens should be based on repeat susceptibility testing, and should consist of



antimicrobials from at least two new drug categories not previously used. Whether or not
continuing clarithromycin or azithromycin despite proven resistance is of additional benefit is
unknown.

Other Nontuberculous Mycobacteria (NTM) and HIV

Mycobacterium kansasii

M. kansasii is the second most common cause of nontuberculous mycobacterial disease in the
United States, and after MAC, the second most common cause in individuals with advanced HIV.
Like MAC, it is primarily an environmental pathogen and tap water is likely its primary reservoir
(Griffith et al. 2007).

M. kansasii is a slow-growing NTM that causes pulmonary disease in geographic clusters around
the world, including the south and central United States. Risk factors for pulmonary disease include
underlying chronic lung disease, malignancy, and alcoholism. In individuals with advanced HIV, M.
kansasii can present as disseminated disease, typically in individuals with a CD4 cell count less than

50 cells/mm3. Unlike with dMAC infection, pulmonary disease is also seen in over 50% of individuals
with disseminated disease, and bacteremia is uncommon, found in only 25% of individuals (Griffith
et al. 2007). M. kansasii is typically considered one of the most pathogenic NTM, and represents
true infection in 50% of patients with positive respiratory cultures (Marras and Daley 2004).

Treatment for pulmonary and disseminated disease should involve three agents, including rifampin
10 mg/kg/day, ethambutol 15 mg/kg/day, and isoniazid 5 mg/kg/day (maximum 300 mg daily),
along with pyridoxine 50 mg daily. In patients with rifampin-resistant disease, a three-drug regimen
is recommended based on drug susceptibility testing, but should include a macrolide
(clarithromycin or azithromycin), moxifloxacin, ethambutol, sulfamethoxazole, or streptomycin. In
pulmonary disease, treatment duration should entail 12 months of therapy after conversion of
sputum cultures to negative. The treatment duration for disseminated M. kansasii disease is similar
to that of disseminated MAC and includes at least 12 months of therapy if signs or symptoms have
resolved and sustained immune reconstitution has occurred on ART (Griffith et al. 2007).

Mycobacterium chelonae

M. chelonae is a rapidly growing environmental mycobacterium that can cause isolated skin, soft
tissue, and bone infections, and has been implicated as a cause of keratitis in contact lens wearers
and those that have undergone ocular surgery. It can also present as disseminated disease in
individuals with advanced HIV (Kunin et al. 2014).

An open-labeled, single-arm study of 14 patients with M. chelonae infection investigated
monotherapy with clarithromycin 500 mg twice daily. Ten patients had disseminated disease, and
eleven patients completed at least 6 months of therapy. Clarithromycin was subsequently
discontinued in 9 of the 14, with no evidence of relapse. Two other patients died of causes
unrelated to infection and one self-discontinued therapy after 3.5 months with subsequent relapse
(Wallace et al. 1993).

For significant skin, soft tissue, bone, or pulmonary disease, combination therapy with
clarithromycin plus another agent is recommended to minimize selection for clarithromycin-



resistant organisms. Antimicrobial choice should be guided by drug susceptibility testing. At least 4
months of treatment is recommended for skin and soft tissue infections, 6 months for bone
infection, and 12 months from sputum culture conversion for pulmonary infection. Surgery may be
indicated as an adjunct for skin, soft tissue, or bone infection if disease is extensive or when
antimicrobials alone fail; removal of involved foreign bodies or prosthetic devices is crucial for cure
(Griffith et al. 2007).

Mycobacterium genavense

M. genavense is a slow-growing NTM that causes both localized and disseminated disease in HIV-
infected individuals (Bottger et al. 1992). It has been isolated from the cervical lymph node of a dog
as well as a number of pet birds, including psittacine birds (Kiehn et al. 1996). Disseminated disease
has been noted in individuals with advanced HIV, and M. genavense has been recovered from
multiple reticuloendothelial sites including blood, bone marrow, liver, and spleen. M. genavense is
likely acquired through ingestion and appears to have a predilection for colonizing the Gl tract
(Doggett and Strasfield 2011).

Optimal treatment of M. genavense infections is unknown, but multidrug regimens that include
clarithromycin are recommended. Most isolates are susceptible to amikacin, rifamycins,
fluoroquinolones, macrolides, and streptomycin. Ethambutol has poor activity against M. genavense
(Griffith et al. 2007). Studies evaluating outcomes of therapy in HIV-infected individuals are limited.

Mycobacterium gordonae

M. gordonae is a slow-growing, environmental NTM that is ubiquitous in the environment and
frequently recovered from freshwater sources, soil, and tap water, including water from hospitals.
When found in cultures it is typically considered a nonpathogenic contaminant, as it can easily be
introduced into clinical specimens during collection and processing (Weinberger et al. 1992) and
can colonize the Gl and respiratory tract (Mizoshita et al. 2011). All of these factors may make it
difficult to differentiate as a contaminant or true pathogen.

Occasionally M. gordonae has been associated with clinically significant infections and has been
associated with disseminated disease, pulmonary infection, keratitis, peritonitis, and skin and soft
tissue infections, as well as in individuals with underlying immunosuppression such as advanced
HIV. Infections have also been associated with foreign bodies, which may even have been the portal
for infection (Weinberger et al. 1992).

There is a paucity of data available on optimal treatment regiments. Ethambutol, rifabutin,
clarithromycin, linezolid, and the fluoroquinolones most consistently have in vitro activity against M.
gordonae (Griffith et al. 2007).

Conclusion

Disseminated Mycobacterium avium complex (dMAC) infection is primarily a complication of
advanced HIV infection in the absence of effective ART. More common prior to the advent and
widespread use of potent combination ART, the incidence of dMAC has declined considerably over
the past two decades, although individuals with very low CD4 cell counts still remain at risk.



MAC is ubiquitous in the environment, and a CD4 cell count less than 50 cells/mm?3 is the most
significant risk factor for disseminated infection. Prophylaxis with azithromycin or clarithromycin is

recommended in persons with a CD4 cell count less than 50 cells/mm?3 and should be continued

until the CD4 cell count is maintained above 100 cells/mm3 for greater than 3 months. Optimum
treatment for dMAC includes treatment with at least two agents including clarithromycin or
azithromycin plus ethambutol, with the addition of rifabutin as a third agent for those with more
extensive disease. Although the incidence of dMAC has declined significantly with the widespread
use of effective ART, it still remains an important complication of advanced HIV infection.

Environmental mycobacteria other than M. tuberculosis and M. avium complex can cause infection
in humans. For many of these NTM, chronic pulmonary disease is a risk factor for infection of the
respiratory system, although immunodeficiency from advanced HIV infection is a risk factor for a
number of NTM as well. Treatment differs based on the pathogen and in some cases has not been
well elucidated or studied, making accurate diagnosis crucial and treatment challenging.
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