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1 Introduction 

A wide spectrum of non-tuberculous mycobacteria (NTM) has been reported as isolates 

from or causes of disease in people living with human immunodeficiency virus (HIV). This is 

typically in the context of very advanced immunosuppression (CD4 count <50 cells/mm3) in 

the absence of virological suppression with combination antiretroviral therapy (ART) [1] and 

most individuals have presented with disseminated disease. Effective ART has permitted 

control of viral replication, improvement in immune function and a significant decrease in 

the incidence of severe opportunistic infections [2-4], including disseminated 

Mycobacterium avium complex (DMAC) disease [3,5,6].   

NTM are environmental organisms. Therefore it is important to determine, prior to 

treatment initiation, whether the organism is the cause of the disease process rather than a 

reflection of subsequent colonisation. With the exception of M. avium complex (MAC), there 

is limited evidence to guide the choice or duration of treatment and expert opinion should 

be sought from a clinician experienced in managing mycobacterial disease in the context of 

HIV. Also with the exception of MAC, most of the recommendations for the treatment of 

NTM have been extrapolated from trials of treatment for NTM pulmonary disease in 

individuals without HIV although some evidence from early trials in populations with 

advanced HIV disease has added to this guidance.  

Guidance on supporting people living with HIV with opportunistic infections, including NTM 

infections, can be found on the British HIV Association (BHIVA) website 

(https://www.bhiva.org/file/6225e44b53c49/OI-guidelines-supporting-patients.pdf). 

A full review of these guidelines is due in 2028, with interim updates only if 

recommendations need updating in line with new data. 

2 Methods 

The scope, purpose and guideline topics were agreed by the writing group. The search 

(population, intervention, comparator and outcome [PICO]) questions were set and an 

independent systematic literature review performed. The Medline, Embase and Cochrane 

Library databases were searched and the literature reviewed to address each question. The 

PICO questions and search strategies are outlined in Appendix 1.  

Further details of the methodology can be found on the BHIVA website 

(https://www.bhiva.org/file/5d514ec9b503d/OI-guidelines-methods-general.pdf), including 

https://www.bhiva.org/file/6225e44b53c49/OI-guidelines-supporting-patients.pdf
https://www.bhiva.org/file/5d514ec9b503d/OI-guidelines-methods-general.pdf


 

 

the use of the Grading of Recommendations Assessment, Development and Evaluation 

(GRADE) system to assess and grade the evidence. 

3 Summary of recommendations 

From section 5.4 Prophylaxis and impact of ART  

• We suggest that primary prophylaxis against DMAC disease is not required for people 

with HIV and CD4 counts <50 cells/mm3 if ART is initiated promptly (within 2 weeks 

from presentation) (Grade 2A). 

• If MAC prophylaxis is used, we recommend stopping once ART is established and 

sustained virological suppression has been achieved (Grade 1A). 

• We recommend prophylaxis against DMAC disease for individuals with CD4 counts <50 

cells/mm3 who are not taking ART, or for whom an effective antiretroviral regimen 

cannot be constructed (Grade 1A). 

• For MAC prophylaxis, we recommend azithromycin 1250 mg once weekly or 

clarithromycin 500 mg twice daily (Grade 1A).  

From section 5.5 Treatment  

• We recommend combination treatment including a macrolide and ethambutol, with 

rifabutin or rifampicin as first-line therapy for DMAC disease (Grade 1B). 

• We recommend against macrolide monotherapy (Grade 1A). 

• We suggest that either clarithromycin or azithromycin may be used as part of 

combination treatment, depending on tolerability and drug interactions (Grade 2D). 

• We suggest that treatment for DMAC can be safely discontinued after at least                

12 months, in those with clinical improvement, culture conversion and evidence of 

successful ART with undetectable viral load and CD4 count >100 cells/mm3 for at least  

6 months (Grade 2B). 

From section 6.4 Diagnosis  

• We recommend that thorough investigation is undertaken if M. kansasii is isolated 

from a respiratory sample (Grade 1B).  

• We recommend that at least three sputum samples should be collected (on different 

days or at least 12 hours apart) for the microbiological diagnosis of M. kansasii lung 

disease. If sputum samples cannot be obtained, one sample of induced sputum or 

bronchoalveolar lavage should be collected (Grade 1B). 



 

 

• For all respiratory samples, we recommend that microscopy should be performed using 

auramine-phenol staining and samples should be cultured with liquid culture medium 

(Grade 1A).  

• We recommend that molecular techniques should be used, rather than biochemical 

tests, for identification of M. kansasii culture isolates (Grade 1B). 

• We recommend that interferon gamma release assays (IGRAs) should not be used for 

the diagnosis of M. kansasii disease (Grade 1B).  

• We recommend routine baseline susceptibility testing of M. kansasii isolates for 

rifampicin only. In the case of rifampicin resistance, we recommend resistance testing 

of other agents for the treatment of M. kansasii (Grade 1B). 

From section 6.5 Treatment  

• We recommend treating M. kansasii disease with a combination of rifampicin            

600 mg/day, ethambutol 15 mg/kg/day and isoniazid 300 mg/day (plus pyridoxine) 

(GRADE 1C). 

• We recommend continuing treatment for M. kansasii pulmonary disease for at least    

12 months after sputum culture conversion (GRADE 1C).  

• In the case of rifampicin resistance, we recommend that a regimen should be 

constructed on the basis of drug sensitivity testing results (GRADE 1C). 

 

4 Auditable outcomes 

• Percentage of people for whom MAC prophylaxis is only used when CD4 count is below 
50 cells/mm3 and this count is not expected to improve. 

• Percentage of people with DMAC who are treated with at least two drugs from the 
outset including a macrolide unless contraindicated or the organism is resistant.  

• Percentage of people for whom DMAC is confirmed by culture of blood or other 
fluid/tissue. 

• Percentage of people with M. kansasii disease for whom resistance testing for rifampicin 
is performed. 

• Percentage of people with M. kansasii disease who are treated with triple therapy as 
recommended unless contraindicated. 

5 MAC 

5.1 Background and epidemiology 

MAC is the predominant NTM affecting people with HIV, particularly those with advanced 

HIV disease and low CD4 counts. MAC organisms are present throughout the environment. 



 

 

Acquisition is via inhalation or ingestion of MAC bacilli through the respiratory or 

gastrointestinal tracts [7,8]. No activity is known to predispose to infection, and person-to-

person transmission is not believed to occur [9]. 

Prior to the use of effective ART with virological suppression, DMAC became clinically 

apparent in 20–40% of individuals with advanced HIV disease [1,6], although a higher 

prevalence was detected at autopsy [10].  

Since the widespread availability of ART, the incidence of DMAC has decreased [2,5] and the 

prognosis has improved markedly [5]. In addition, the clinical presentation has changed to 

include immune reconstitution inflammatory syndrome (IRIS) [11]. 

5.2 Clinical presentation 

DMAC typically occurs in those with advanced immunosuppression who have CD4 counts 

<50 cells/mm3 in the absence of virological suppression. Symptoms are non-specific and 

clinical signs and laboratory abnormalities may be attributed, incorrectly, to HIV progression 

or other HIV-related illnesses. Individuals with DMAC most commonly report fever, night 

sweats, diarrhoea, abdominal pain, fatigue and anorexia [12,13]. Common signs include 

weight loss, hepatomegaly, splenomegaly and lymphadenopathy. Laboratory abnormalities 

include isolated anaemia or pancytopenia, which may be more severe than expected for the 

stage of HIV disease [8,14], leukopenia, elevated alkaline phosphatase levels and 

hypoalbuminaemia [12,13]. Radiological features commonly include hepatosplenomegaly 

and intra-abdominal lymphadenopathy, which were demonstrated in one case series using 

abdominal computed tomography in 14 of 17 individuals with DMAC [15]. Other focal 

physical findings or laboratory abnormalities may occur with localised disease, which can be 

the clinical presentation in individuals responding to ART. Focal manifestations described 

include palatal and gingival ulceration, septic arthritis, osteomyelitis, endophthalmitis, 

pericarditis and pulmonary and focal lymphadenitis [4,16-24]. Localised syndromes, such as 

abscesses, new or worsening lymphadenitis, draining sinuses, intra-abdominal collections, 

skin disease or central nervous system (CNS) disease along with fever and systemic 

symptoms, may also be manifestations of IRIS [25].   

5.3 Diagnosis     

Diagnosis of DMAC requires culture from blood or a bone marrow aspirate or fluid from a 

normally sterile site or biopsy specimen, such as a lymph node. Mycobacterial blood culture 

should be performed in any person living with HIV, not on ART, with a CD4 count 

< 100cells/mm3 and fever or any other compatible symptom. 



 

 

Culture of MAC from sputum or stool, in the absence of clinical or radiological features 

suggestive of disseminated infection, is insufficient to warrant antimycobacterial therapy. In 

some situations, given the time period required before cultures can be reliably deemed 

negative, empirical treatment may be considered pending these results. Mycobacterial 

blood culture in liquid medium is usually only reported as definitively negative after 

12 weeks' incubation, but very few cultures become positive after more than 6 weeks of 

incubation. Mean time to positive blood culture has been reported as 10–23 days (range    

5–57 days [26-29]) with only 2 of 47 cultures in one study becoming positive after 6 weeks’ 

incubation [30]. The presence of NTM disease should be considered in people with long-

term symptoms, anaemia, low CD4 counts, positive sputum culture results and when acid-

fast bacilli (AFB) are seen on microscopy [31], although tuberculosis (TB) is an important 

differential diagnosis and must always be considered in designing an empirical treatment 

regimen or while awaiting organism identification from culture.  

Mycobacterial blood culture (standard and liquid) establishes the diagnosis in 86–98% of 

cases [32,33]. Mycobacteraemia can be intermittent: one blood culture identifies 91% of 

patients with MAC bacteraemia; a second blood culture increases the sensitivity to 98% [34]. 

Therefore, obtaining paired or more than two sequential blood specimens for culture to 

diagnose MAC bacteraemia is usually unnecessary [35].  

The preferred culture method is lysis of peripheral blood leukocytes to release intracellular 

mycobacteria followed by inoculation onto solid medium (e.g. Lowenstein–Jensen or 

Middlebrook 7H11 agar) or into radiometric broth [31]. Using the radiometric detection 

system, mycobacteraemia can be detected in 6–12 days, whereas a period of 15–40 days is 

required with solid medium. In addition, DNA probes can identify MAC species within 

2 hours once sufficient mycobacterial growth has occurred [36]. Multiplex polymerase chain 

reaction (PCR) has also been shown to provide a low-cost alternative to DNA probe methods 

for rapid identification of MAC [37]. 

Biopsies from other, normally sterile, body sites may aid diagnosis. Stains of biopsy 

specimens from bone marrow, lymph node and liver may demonstrate acid-fast organisms 

or granulomas before positive blood culture results are obtained [38). Although AFB staining 

of biopsy specimens is less sensitive than blood or bone marrow culture, it has been shown 

to be useful for the rapid diagnosis of DMAC infection permitting prompt initiation of 

antimycobacterial therapy [27]. DNA probes can also be applied directly to sputum, tissue or 

other body fluid specimens for rapid detection of MAC or M. tuberculosis rather than 

waiting for sufficient bacterial growth in liquid medium [39].  



 

 

In the absence of randomised clinical trials, the American Thoracic Society (ATS)/Infectious 

Diseases Society of America (IDSA) guidelines set useful criteria to distinguish between 

colonisation and disease for NTM pulmonary isolates [40] which have been adopted by the 

British Thoracic Society (BTS) [41] (see Table 1).  

 

Table 1 Clinical and microbiological criteria for diagnosing NTM lung disease  
 

Clinical (both required): 

1. Pulmonary symptoms, nodular or cavitary opacities on chest radiograph, or 
a high-resolution CT scan that shows multifocal bronchiectasis with multiple 
small nodules. 

2. Appropriate exclusion of other diagnoses. 

Microbiological (one of): 

1. Positive culture results from at least two separate expectorated sputum 
samples; if the results are non-diagnostic, consider repeat sputum AFB smears 
and cultures. 

2. Positive culture results from at least one bronchial wash or lavage. 

3. Transbronchial or other lung biopsy with mycobacterial histopathological 
features (granulomatous inflammation or AFB) and positive culture for NTM 
or biopsy showing mycobacterial histopathological features (granulomatous 
inflammation or AFB) and one or more sputum or bronchial washings that are 
culture positive for NTM. 

 
Reproduced from Thorax, British Thoracic Society guidelines for the management of non-tuberculous 
mycobacterial pulmonary disease (NTM-PD), Haworth CS, Banks J, Capstick T et al., 72, ii1–ii64, 2017 with 
permission from BMJ Publishing Group Ltd. 
Original source: Griffith DE, Aksamit T, Brown-Elliott BA, et al. An official ATS/IDSA statement: diagnosis, 
treatment, and prevention of nontuberculous mycobacterial diseases. Am J Respir Crit Care Med 2007;  
175: 367–416. 
CT, computed tomography. 
 

 

It is unknown whether NTM disease in people with HIV has the same predictors and risk 

factors as in those without HIV and disease is often extrapulmonary. The ATS/IDSA [40] and 

BTS guidelines [41] do not specifically address NTM in people living with HIV, who are at 

higher risk of infection and for whom diagnostic criteria and clinical outcomes may have 

important consequences for differentiation between colonisation, subclinical disease and 

active disease.            

In one observational study [23] in which NTM culture positivity in people living with HIV was 

categorised as infection versus colonisation, the authors concluded that NTM infection 

should be suspected in any individual with long-term symptoms, anaemia, low CD4 count 

and several positive sputum AFB cultures. The type of pathogen and the characteristics of 

the host may also be important factors in differentiating between colonisation and disease. 

When evaluating the possibility of disease, other important factors are the number of 



 

 

positive culture results and the number of bacteria (in colony-forming units [CFUs]) present 

in the sample [42].  

 

5.4 Prophylaxis and impact of ART  

Recommendations 

• We suggest that primary prophylaxis against DMAC disease is not required for people 

with HIV and CD4 counts <50 cells/mm3 if ART is initiated promptly (within 2 weeks 

from presentation) (Grade 2A). 

• If MAC prophylaxis is used, we recommend stopping once ART is established and 

sustained virological suppression has been achieved (Grade 1A). 

• We recommend prophylaxis against DMAC disease for individuals with CD4 counts 

<50 cells/mm3 who are not taking ART, or for whom an effective antiretroviral regimen 

cannot be constructed (Grade 1A). 

• For MAC prophylaxis, we recommend azithromycin 1250 mg once weekly or 

clarithromycin 500 mg twice daily (Grade 1A).  

 

5.4.1 Pre-ART studies  

A series of randomised controlled trials and observational studies conducted in the pre-ART 

era demonstrated the value of MAC prophylaxis with rifabutin, clarithromycin or 

azithromycin in reducing the burden of disease in those with advanced HIV infection.  

Two large randomised controlled trials [43] of daily rifabutin 300 mg versus placebo in 

individuals with advanced HIV disease and CD4 counts <200 cells/mm3 showed rifabutin to 

be effective in reducing the incidence of MAC bacteraemia and of DMAC, but with little 

effect on overall survival [44]. Similarly, in a non-randomised clinical trial [45] including 

536 participants with CD4 counts <100 cells/mm3 (or CD4 counts <200 cells/mm3 and an 

AIDS-defining condition), rifabutin was effective in the prevention or delay of MAC disease.   

Clarithromycin and azithromycin were subsequently used in trials of similar designs for 

DMAC prevention. In the study by Benson et al. [46], 1178 participants with CD4 counts 

<100 cells/mm3 were randomly assigned to clarithromycin or rifabutin alone or in 

combination. Clarithromycin was found to be more effective than rifabutin (risk ratio 0.56; 

95% confidence interval [CI] 0.37–0.84 for clarithromycin vs rifabutin) and as effective as 

combination therapy, but associated with fewer adverse events.   



 

 

Weekly azithromycin versus daily rifabutin, or a combination of these two agents, was 

compared in a randomised clinical trial in 693 participants with CD4 counts <100 cells/mm3 

[47]. Weekly azithromycin was more effective than rifabutin, with the incidence 

approximately halved in the azithromycin group (hazard ratio 0.53; 95% CI 0.34–0.85) 

compared with rifabutin. The combination of azithromycin and rifabutin was found to be 

more effective than azithromycin alone, but associated with an increase in adverse events 

and the potential for drug–drug interactions. Azithromycin-resistant isolates were detected 

infrequently (11%: 2 of 18 isolates) in those treated unsuccessfully with azithromycin, 

whereas resistant isolates were not detected in those receiving combination therapy where 

prophylaxis failed. 

In the absence of a direct comparison, Chu et al. [48] made an indirect treatment 

assessment between these three drugs and found that the efficacy of rifabutin versus 

placebo ranged from 41% to 44%, while the efficacies of clarithromycin and azithromycin 

were estimated to be 73% and 72%, respectively. In a Cochrane review [49] of the efficacy of 

MAC prophylaxis, individuals treated with clarithromycin and azithromycin were 40% less 

likely to develop MAC disease than those treated with rifabutin. No statistically significant 

differences in survival were found between those receiving clarithromycin, azithromycin or 

rifabutin prophylaxis.  

5.4.2 Primary prophylaxis in the ART era 

The availability of effective ART has radically reduced the risk of DMAC morbidity and 

mortality among people living with HIV [2-4]. One US-based study showed two cases of 

DMAC as a first opportunistic infection per 1000 person-years after 2010 [50].  

This is mainly due to the rapid restoration of specific immune responses to MAC after 

initiation of effective ART, even in those with severe baseline immunodeficiency and only 

partial virological suppression [51].  

Individuals with baseline CD4 counts <50 cells/mm3 who are receiving ART but not MAC 

prophylaxis do not seem to be at increased risk of MAC disease, as reported in randomised 

clinical trials and in both prospective and retrospective observational studies [52-58]. In two 

large randomised trials [52,53] no significant differences in MAC incidence were found 

between participants taking azithromycin prophylaxis weekly compared with those taking 

placebo. All eligible participants had a previous CD4 count <50 cells/mm3 and a sustained 

(>3 months) increase to >100 cells/mm3 on ART. During the follow-up period (16 months) in 

the study by Currier et al. [52], there were two cases of MAC infection in the placebo group, 



 

 

compared with none in the azithromycin group, resulting in a treatment difference of 

0.5 events per 100 person-years. In a trial by El Sadr et al. [53], in 153 participants with at 

least one CD4 count <50 cells/mm3 who had commenced ART, the incidence of MAC disease 

was not statistically different between those receiving and not receiving prophylaxis. 

In a retrospective study [54] including 369 participants with CD4 counts <50 cells/mm3 on 

ART, incidence rates of MAC infection (clinically or microbiologically diagnosed) were 

recorded over 6 months. At baseline, 65% of study participants had an HIV RNA viral load 

>10,000 copies/mL. The overall incidence of MAC infection while on ART was 0.6 per 

100 person-months (7.2 per 100 person-years), with no significant differences between 

those receiving or not receiving prophylaxis. Eleven patients developed MAC infection 

during the 6-month period of observation, all with detectable HIV viral loads 

(>1000 copies/mL). No MAC infection occurred in those with an undetectable viral load       

at baseline.  

In a large cohort study in the USA [55], risk of DMAC was investigated following the 

discontinuation of primary prophylaxis in individuals with CD4 counts maintained above 

100 cells/mm3. The proportion discontinuing prophylaxis increased from 16.7% in 1996 to 

84.9% in 2002, with no increase in risk of blood culture-confirmed DMAC in those 

discontinuing prophylaxis after ART became generally available. Similarly, no case of DMAC 

was observed during a follow-up of 364 person-years in the Swiss HIV Cohort Study [56] 

among 253 individuals with nadir CD4 counts <50 cells/mm3 who had been on ART for at 

least 3 months.  

In a further US observational study by Dworkin et al. [57], the incidence of MAC was 

compared between those receiving ART but not MAC prophylaxis whose CD4 count had 

risen by at least 100 cells/mm3 from baseline and those whose CD4 counts had not dropped 

below 50 cells/mm3. The incidence of DMAC was low (one case per 100 person-years) 

among those whose CD4 counts had risen above the threshold of risk and not higher than in 

those whose CD4 counts had never decreased below this level. 

These data highlight that primary MAC prophylaxis provides no additional benefit over ART 

for individuals with low nadir CD4 counts (<50 cells/mm3) and is therefore not necessary 

provided that ART is started promptly (within 2 weeks of presentation) and where there is 

likely to be adequate immune reconstitution. However, primary prophylaxis against MAC 

should be considered in circumstances of very low CD4 counts and low likelihood of 

virological suppression, for example in individuals with a CD4 count <50 cells/mm3, 



 

 

multidrug-resistant HIV and no ART option likely to lead to full virological suppression or  

ART adherence challenges. Primary MAC prophylaxis should also be considered in ART-  

naïve individuals with a CD4 count <50 cells/mm3 where immune-reconstitution is unlikely, 

or is likely to be delayed, due to comorbidities or concomitant immunosuppressive 

treatments, for example those with a new diagnosis of HIV and lymphoma who are     

starting chemotherapy. 

When considering MAC prophylaxis, it is important to consider and to discuss with the 

person the risks and benefits of taking macrolides, the increase in pill burden and potential 

adverse effects of the drugs, the possibility for drug–drug interactions and the probable 

sequalae of acquired drug resistance due to inadvertent monotherapy in the case of active 

MAC disease or unmasking of MAC (IRIS). Where feasible, DMAC and other mycobacterial 

disease should be excluded prior to commencing prophylaxis, through clinical assessment 

and blood cultures, along with appropriate sampling of other sites if clinically indicated.  

Of note, prophylaxis with clarithromycin or azithromycin has been associated with an 

increased incidence of macrolide-resistant bacterial colonisation of the respiratory tract 

[58]. Therefore people receiving prophylaxis presenting with lower respiratory tract 

infections should not be treated with macrolides. 

For primary prophylaxis we recommend the use of one of the following agents:  

• Azithromycin 1250 mg once weekly or  

• Clarithromycin 500 mg twice daily. 

In the case of intolerance or allergy to macrolides, rifabutin 300 mg daily is an alternative 

option when prophylaxis is indicated. Dose adjustment may be necessary because of drug–

drug interactions with ART. 

We recommend stopping prophylaxis once sustained (>3 months) virological suppression 

has been demonstrated. 

5.5 Treatment  
 

• We recommend combination treatment including a macrolide and ethambutol, with 

rifabutin or rifampicin as first-line therapy for DMAC disease (Grade 1B). 

• We recommend against macrolide monotherapy (Grade 1A). 

• We suggest that either clarithromycin or azithromycin may be used as part of 

combination treatment, depending on tolerability and drug interactions (Grade 2D). 

• We suggest that treatment for DMAC can be safely discontinued after at least 

12 months, in those with clinical improvement, culture conversion and evidence of 



 

 

successful ART with undetectable viral load and CD4 count >100 cells/mm3 for at least 

6 months (Grade 2B). 

 

5.5.1 Introduction 

In the pre-ART era, treatment of DMAC, initially with monotherapy [59] and then with 

combination therapy [60-62], was associated with short-term improvements in survival. 

Most of the literature on treatment is from the pre-ART or early ART eras and the benefits of 

modern, effective ART on longer-term survival are thus not shown in these studies. 

Effective implementation of ART was strongly associated with prolonged survival after a 

diagnosis of MAC disease [63,64] and it has been shown that treatment for DMAC could 

safely be discontinued once immune reconstitution has occurred [65]. Macrolide 

monotherapy [59,66] and prolonged ineffective combination treatments without effective 

ART are associated with treatment-emergent macrolide resistance [67]. 

Frequent involvement of the gastrointestinal tract in DMAC leads to the potential for drug 

malabsorption. Drug–drug interactions between antimycobacterial and antiretroviral agents, 

as well as between these and other drugs, need to be considered when initiating and 

monitoring therapy. 

5.5.2 Combination treatment 

In a randomised trial enrolling 160 individuals with DMAC [60], three treatment arms were 

evaluated: clarithromycin and ethambutol; clarithromycin and rifabutin; and clarithromycin 

with both ethambutol and rifabutin. Although there were no significant differences in the 

primary endpoint of microbiological response at week 12, there were significant differences 

in survival and relapse with a non-significant improvement in response in the triple therapy 

arm. A separate study evaluating the addition of rifabutin to clarithromycin and ethambutol 

[68] did not show improvement in response or survival although there was a reduction in 

treatment-emergent macrolide resistance observed in the rifabutin group (2% vs 14% at 

16 weeks of therapy). Addition of clofazimine to the combination of clarithromycin and 

ethambutol did not improve outcomes and was associated with higher mortality, with 61% 

versus 38% dying over 1 year of observation [61].  

The combination of clarithromycin, ethambutol and rifabutin has been compared with 

rifampicin, ethambutol, clofazimine and ciprofloxacin, with the three-drug regimen 

associated with improved mycobacterial clearance from blood cultures (69% vs 29%         

over 16 weeks), reduced macrolide resistance and improved survival (median survival        

8.6 vs 5.2 months) [69]. The combination of clarithromycin and clofazimine compared with 



 

 

clarithromycin, rifabutin and ethambutol [67] showed the triple therapy regimen to be 

associated with fewer clinical relapses and less emergent resistance. Clofazimine has also 

been studied in combination with clarithromycin, with or without ethambutol [70]. The 

three-drug regimen resulted in less resistance, reduced risk of relapse and longer time to 

relapse, although the study design did not permit differentiation between the effect of 

ethambutol in reducing resistance development as observed elsewhere and the effect of 

three-drug rather than two-drug therapy. Clofazimine should not be used, except after 

expert advice for example in the case of macrolide-resistant MAC isolates or in other 

situations with reduced treatment options, due to the observation of increased mortality    

in this study. The frequent absence of macrolide sensitivity data at the outset and the need 

to start treatment promptly without this information also contribute to the rationale for  

this recommendation. 

We therefore recommend three-drug therapy for DMAC, which should include a macrolide, 

ethambutol and rifabutin.  

Macrolide susceptibility testing should be requested on the first positive culture isolate, and 

in case of macrolide resistance we suggest seeking advice from experts in the treatment of 

MAC disease in the context of HIV disease. 

Rifampicin, rather than rifabutin, has been used in MAC pulmonary disease and forms part 

of the recommendations of the BTS [41]; it has also been used in some smaller studies for 

HIV-associated DMAC [69,71,72]. However there has been no direct comparison with 

rifabutin to inform a recommendation within HIV infection. Extrapolating from data in 

people without HIV with pulmonary disease, we suggest that rifampicin may be used where 

rifabutin cannot be used. Indeed a recent meta-analysis showed that in comparison to 

rifabutin, rifampin has at least similar treatment success rates in treating MAC [73].  

5.5.3 Which macrolide to use  

Dunne et al. [74] compared azithromycin with clarithromycin for DMAC treatment, both in 

combination with ethambutol. Azithromycin was given at 250 mg or 600 mg once daily and 

clarithromycin at 500 mg twice daily. At 24 weeks, the rate of relapse was similar in the 

higher dose azithromycin and the clarithromycin arms, but the lower dose azithromycin arm 

was prematurely discontinued due to poorer performance in terms of mycobacterial blood 

culture conversion.  

 

In a further study, participants were randomly assigned to azithromycin 600 mg or 

clarithromycin 1 g daily, both with ethambutol. Numbers of participants were low (37 in 



 

 

total), but mycobacterial cultures cleared in 86% of those taking clarithromycin compared 

with 38% receiving azithromycin [75]. 

Azithromycin may have advantages over clarithromycin in terms of gastrointestinal 

tolerability and fewer drug–drug interactions. There is a bidirectional drug–drug interaction 

between clarithromycin and rifabutin, with rifabutin exposure increased (potentially 

increasing the risk of uveitis) and clarithromycin exposure decreased (potentially decreasing 

efficacy). Anecdotally, and in the experience of the writing group, azithromycin is frequently 

used as the macrolide of choice in combination therapy with good efficacy.  

5.5.4 Dose of macrolide 

In monotherapy and combination therapy studies, a range of doses of clarithromycin have 

been investigated. In monotherapy, a dose-ranging study of clarithromycin compared 

bacteriological clearance in terms of median CFUs per mL blood between doses of 500 mg, 

1 g and 2 g, all given twice daily for 12 weeks to people with MAC bacteraemia [59]. The 

number of CFUs per mL decreased in all arms, but 11%, 33% and 29% of individuals were 

culture negative in the 500 mg, 1 g and 2 g arms, respectively, at 2 weeks. Despite this, 

survival time was longest in the 500 mg arm. Clarithromycin resistance occurred in 46% of 

individuals who had positive cultures at 16 weeks, with no association between 

clarithromycin dose and risk of resistance.  

In a study of clarithromycin with ethambutol with either clofazimine or rifabutin by random 

allocation, clarithromycin was prescribed at 500 mg or 1 g twice daily. The higher dose of 

clarithromycin was discontinued due to a higher observed mortality (risk ratio 2.43; 95% CI 

1.11–5.34) [76].  

Clarithromycin at weight-based doses of 750 mg or 1 g, both given twice daily, showed 

similar efficacy but reduced tolerability in the higher dose group [77].  

The lower dose of 500 mg clarithromycin twice daily therefore appears to be as effective as 

higher doses and more tolerable. The dose of clarithromycin should therefore not exceed 

500 mg twice daily although care should be taken to still monitor for toxicity particularly QT 

interval prolongation. 

Azithromycin has been used in fewer clinical trials; the 600 mg once daily dose has not 

shown evidence of excessive toxicity [74,75]. A trial of azithromycin monotherapy, using 

600 mg or 1200 mg once daily, reported fewer gastrointestinal adverse effects with 600 mg 

once daily and no increase in the number with sterilisation of blood cultures in the 1200 mg 

group compared with the 600 mg group [78]. Current tablet formulations mean that 500 mg 

is a more convenient dosing regimen. 



 

 

5.5.5 Other agents 

Several other antimycobacterial agents have been studied in DMAC, although trials have 

been small and have seldom provided conclusive data about their possible role in treatment. 

Amikacin is sometimes used if there is treatment failure with oral therapy. Fluoroquinolones 

are the most frequently used alternative oral agents. 

5.5.5.1 Amikacin 

Adding amikacin to a four-drug oral regimen of rifampicin, ciprofloxacin, clofazimine and 

ethambutol did not improve the response in terms of mycobacterial culture conversion [71]. 

As an intravenous induction therapy, amikacin with a macrolide, ethambutol and 

ciprofloxacin resulted in culture conversion in 13 of 15 participants, although the lack of a 

comparator arm and the small number of participants should be noted [79]. Evidence 

suggests an association between mitochondrial mutations (particularly the m.1555A>G 

mutation) and an increased risk of ototoxicity, although consideration of genetic testing 

should not delay the use of this drug if required. We suggest that amikacin should be 

reserved for situations in which oral therapy has been ineffective or is not feasible, for 

example in the intensive care unit.  

5.5.5.2 Ciprofloxacin and newer fluoroquinolones 

A four-drug regimen containing rifampicin, ethambutol, clofazimine and ciprofloxacin did 

not shorten time to mycobacterial clearance compared with the three-drug regimen 

clarithromycin, ethambutol and rifabutin [69]. Ciprofloxacin has been used with ethambutol 

and amikacin, with high clearance rates in the first month of therapy [79]. In a non-

randomised, observational study comparing outcomes in individuals receiving or not 

receiving ciprofloxacin as part of their MAC regimen, longer survival was observed among 

the former group [80]. In a further non-randomised study, ciprofloxacin with rifampicin, 

ethambutol and clofazimine showed a rapid reduction in CFUs, but there was no comparator 

arm [72]. Ciprofloxacin use as part of combination therapy has been described in several 

case series and reports [81,82].  

Newer fluoroquinolones such as moxifloxacin and levofloxacin are now recommended in 

guidelines for the treatment of drug-resistant TB and have been used, in particular, for 

refractory MAC pulmonary disease in people without HIV [41,83].  

There is in vitro evidence of susceptibility to moxifloxacin in MAC [84-86]. The use of 

moxifloxacin has been reported to have contributed to successful treatment in case reports 

of combination treatment for DMAC [11,87], as has the use of levofloxacin [88-90].  



 

 

In guidelines for the treatment of M. tuberculosis, levofloxacin is recommended in 

preference to moxifloxacin because of reduced drug–drug interactions with rifampicin and a 

reduced risk of QT interval prolongation [91] although there is more experience in MAC 

pulmonary disease than in DMAC with levofloxacin. 

5.5.5.3 Linezolid 

There is little evidence for the use of linezolid for DMAC in people living with HIV and it is 

not licensed for this use. Although there is a degree of sensitivity demonstrated in vitro [86], 

published clinical experience is limited to case reports of MAC pulmonary and 

extrapulmonary disease in people without HIV [92,93]. We suggest that linezolid may be 

considered as part of combination therapy where first-line therapy has failed or is 

contraindicated with close monitoring due to related toxicity.  

5.5.5.4 Bedaquiline  

Literature searches did not identify reports of the use of bedaquiline for DMAC in those 

living with HIV and it is not licensed for this use. Like linezolid, it has been used in MAC 

pulmonary disease in individuals without HIV and is an option in this setting in the BTS 

guidelines [41].  

5.5.6 Duration of treatment and secondary prophylaxis 

Until the advent of effective ART, lifelong continuation of combination therapy for MAC   

was recommended although life expectancy was short with a median survival of less than 

1 year [94]. 

Small, observational studies showed prolonged relapse-free survival among those receiving 

ART with CD4 counts rising to above 100 cells/mm3, clinical improvement in MAC disease 

and no evidence of relapse [95-97]. A non-randomised, interventional study included 

48 individuals with DMAC who stopped treatment after a median of 31 months using criteria 

of at least 12 months of treatment, sterile mycobacterial cultures, at least 16 weeks of ART 

and two consecutive CD4 counts >100 cells/mm3. Over a median follow-up of 77 weeks, 

there was a low incidence (1.44 per 100 person-years) of relapse [65].  

Smaller numbers in a study in Taiwan stopped treatment when CD4 count was 

>100 cells/mm3 with the majority having an undetectable HIV- RNA level and experiencing 

no relapses over the following 12 months [98]. Retrospective studies from Canada [99] and 

France [100] supported the finding of a very low risk of relapse when therapy for DMAC was 

stopped after 12 months in those with improvement of CD4 counts while receiving ART.  



 

 

An analysis of European cohort studies evaluating interruption of secondary prophylaxis for 

a range of opportunistic infections [101] included 379 interruptions of treatment, of which 

103 were for MAC, with a median CD4 count (at interruption) of 190 cells/mm3 (interquartile 

range [IQR] 129–290), with 86% of individuals interrupting with CD4 counts >100 cells/mm3. 

Not all (80%) participants had an undetectable HIV RNA level, but the median duration of 

therapy before interruption was 23 months (IQR 12–31 months). There were two relapses 

during follow-up, one in an individual whose prophylaxis was stopped with a CD4 count 

<100 cells/mm3 and one in an individual whose secondary prophylaxis was stopped with a 

CD4 count >100 cells/mm3 for only 8 months, with an overall incidence of MAC relapse of 

0.9 per 100 person-years (95% CI 0.11–3.25).   

The Swiss HIV Cohort Study reported a retrospective review of 24 individuals discontinuing 

MAC treatment, with no recurrence over 29 months of follow-up (upper limit of 95% CI 

5.3 per 100 person-years), although there were two deaths from other causes [64]. A UK-

based study of 15 participants with DMAC revealed no relapses on cessation of MAC 

treatment once CD4 counts were >100 cells/mm3, after a median treatment duration of 

29 months [102]. 

These small studies are consistent in their findings and we therefore recommend that 

treatment for DMAC can be discontinued with very low risk of relapse after at least 

12 months of treatment, culture conversion, evidence of effective and ongoing ART for 

6 months and CD4 counts of at least 100 cells/mm3.  

With more recent effective ART, the view of the writing group, in the absence of published 

studies, is that with clinical improvement, good immune reconstitution (confirmed CD4 

count >100 cells/mm3), culture conversion and undetectable HIV viral load, individuals 

should be able to safely discontinue MAC treatment after 6 months. If the CD4 count falls to 

<50 cells/mm3, MAC prophylaxis should be recommenced. 

5.5.7 Starting ART 

There have been no trials comparing ART regimens in DMAC. In terms of when to start ART, 

we suggest referring to the BHIVA antiretroviral treatment guidelines, which recommend, 

based on the ACTG 5164 study [103] (which notably only included 10 participants with 

mycobacterial infections), that ART is commenced within 2 weeks of specific antimicrobial 

chemotherapy in ART-naïve individuals with major opportunistic infections [104]. We also 

recommend referring to the BHIVA TB guidelines [105] for studies of the timing of ART in TB 

in people who are ART-naïve. Several high-quality studies have demonstrated mortality 

benefit from starting ART within 2 weeks of antimycobacterial therapy in those with CD4 



 

 

counts <50 cells/mm3 [106-108]. Although IRIS occurred, it was manageable and not 

associated with excess mortality. Drug interactions were manageable.  

For those already receiving ART, this should be continued if effective, changed based on 

resistance tests if there is evidence of virological failure or adjusted to manage drug–drug 

interactions.  

Drug–drug interactions and tolerability, as well as tablet burden, will be the key concerns in 

choosing ART for those receiving concurrent treatment for DMAC. We recommend using the 

University of Liverpool drug interactions tool (www.hiv-druginteractions.org) and suggest 

that integrase inhibitors may be preferred third agents. If protease inhibitors are needed, 

rifabutin dose should be reduced accordingly. If non-nucleoside reverse transcriptase 

inhibitors (NNRTIs) are used, dose adjustment of both rifabutin and the NNRTI might be 

needed (e.g. double dosing of doravirine in combination with rifabutin, or increased dose of 

rifabutin in combination with efavirenz).  

6 M. kansasii  

6.1 Epidemiology  

M. kansasii is a slow-growing NTM, widely distributed in the environment [40]. Infections 

caused by M. kansasii have been associated with exposure to contaminated municipal water 

systems, as this organism thrives in human-engineered environments with the major 

reservoir being tap water. Infection is mostly acquired through the aerosol route and may 

cause disease in both immunocompetent and immunosuppressed individuals [109]. Human-

to-human transmission is not thought to occur [110].  

M. kansasii is the second most common cause of NTM disease in European countries 

(including the UK), the USA, South America and China [111], often occurring in geographic 

clusters. In Europe, Poland has the highest M. kansasii isolation rate (35% of all NTM in 

Poland vs 5% in Europe overall) [111]. In a retrospective study conducted in California during 

the pre-ART period (1992–1996), the incidence of M. kansasii-positive respiratory isolates 

was found to be 647 per 100,000 in persons with AIDS versus 115 per 100,000 in people 

living with HIV (but without AIDS) and 0.7 per 100,000 in the general population [112].  

Up-to-date data on the incidence of M. kansasii infection in people living with HIV in the 

current ART era are lacking. It is thought to remain the second most common species of 

NTM to cause disease in people living with HIV, after MAC [113-115].  

http://www.hiv-druginteractions.org/


 

 

6.2 Risk factors and mortality 

Immunosuppression associated with HIV is one of the most important risk factors for          

M. kansasii infection. Other well-recognised risk factors are the presence of lung disease 

[116] (in particular chronic obstructive pulmonary disease, previous pulmonary TB and 

pneumoconiosis), chronic liver disease, excessive alcohol consumption, haematological 

disease, malignancy and other forms of immunosuppression (e.g. prolonged steroid 

treatment and organ transplantation) [117]. 

Of interest, a study in miners, who have additional NTM risk factors, demonstrated that     

M. kansasii pulmonary disease occurred at an earlier stage of HIV infection and more closely 

resembled disease in people without HIV than in other settings [118]. In a more recent study 

conducted in Korea, working in heavy industry and presence of low body mass index were 

also found to be independent risk factors for the development of M. kansasii lung       

disease [119].  

M. kansasii is associated with a higher mortality than other types of NTM [120] including in 

people living with HIV [121]. In a retrospective study of South African gold miners [118] 

treated for M. kansasii infection, mortality rates of 2% were found in individuals without HIV 

versus 9% in those with HIV. Both ART and therapies for M. kansasii have been shown to be 

associated with increased survival [121]; factors that predicted mortality in people living 

with HIV with M. kansasii pulmonary disease were presence of a lower CD4 cell count, lack 

of ART, positive sputum smear microscopy and a lack of adequate mycobacterial treatment. 

 

6.3 Presentation  

6.3.1 Clinical manifestation of pulmonary disease 

Unlike MAC disease, M. kansasii in people living with HIV more commonly presents with 

localised pulmonary disease than with disseminated features [122-124]. Isolated 

bacteraemia is present in only a small proportion of people with HIV affected by M. kansasii 

(approximately 10%), and disseminated disease is seen generally in those with advanced HIV 

infection [40].  

M. kansasii pulmonary disease mimics the course of TB; the most typical presenting 

symptoms are fever, cough, sputum production, weight loss and breathlessness. Other 

presentations include chest pain, haemoptysis and increased sweating [110].  

People with HIV and M. kansasii lung disease present with diverse radiographic patterns, 

most commonly consolidation and nodules, predominantly located in the middle and lower 



 

 

lung zones. This finding is in contrast to the upper lobe cavitary presentation described in 

those without HIV infection. Interstitial infiltrates and hilar lymphadenopathy are common, 

and with higher CD4 counts there is an increased risk of cavitary disease. Rarely, pulmonary 

disease can manifest with endobronchial lesions [125,126]. In a study of HIV-associated M. 

kansasii lung disease [127], abnormal chest radiographic results were found in 90% of 

patients (75/83). Consolidation (66%) and nodules (42%) were the most frequent findings, 

with middle or lower lung zones involved in 89% of patients. The pattern of radiographic 

abnormalities did not differ based on AFB smear status, the presence or absence of 

coexisting pulmonary infections or CD4 count. Cavitation was the only radiographic 

abnormality independently associated with mortality (hazard ratio 4.8). 

6.3.2 Clinical manifestations of extrapulmonary disease 

Common sites of extrapulmonary disease include lymph nodes, skin and the musculoskeletal 

and genitourinary systems. Pericarditis with cardiac tamponade, oral ulcers and chronic 

sinusitis have also been reported in people with AIDS. CNS disease can occur and most 

commonly manifests as meningitis. Patients with CNS infection have high rates of morbidity 

and mortality despite appropriate treatment. Infection of the spine is exceedingly rare, with 

few reported cases [128].  

Isolated musculoskeletal disease is rare with monoarticular synovitis and osteomyelitis 

reported following trauma to the involved joint, or bones and joints being sites of infection 

with disseminated disease [129]. Cutaneous lesions caused by M. kansasii have been 

described and most commonly manifest in the setting of concomitant pulmonary disease or 

disseminated infection [130]. The lesions are generally subacute or chronic in nature and 

require skin biopsy for histopathological and microbiological assessment.  

 

6.4 Diagnosis  

• We recommend that thorough investigation is undertaken if M. kansasii is isolated 

from a respiratory sample (Grade 1B).  

• We recommend that at least three sputum samples should be collected (on different 

days or at least 12 hours apart) for the microbiological diagnosis of M. kansasii lung 

disease. If sputum samples cannot be obtained, one sample of induced sputum or 

bronchoalveolar lavage should be collected (Grade 1B). 

• For all respiratory samples, we recommend that microscopy should be performed using 

auramine-phenol staining and samples should be cultured with liquid culture medium 

(Grade 1A).  

http://emedicine.medscape.com/article/152083-overview
http://emedicine.medscape.com/article/232791-overview
http://emedicine.medscape.com/article/232791-overview


 

 

• We recommend that molecular techniques should be used, rather than biochemical 

tests, for identification of M. kansasii culture isolates (Grade 1B). 

• We recommend that interferon gamma release assays (IGRAs) should not be used for 

the diagnosis of M. kansasii disease (Grade 1B).  

• We recommend routine baseline susceptibility testing of M. kansasii isolates for 

rifampicin only. In the case of rifampicin resistance, we recommend resistance testing 

of other agents for the treatment of M. kansasii (Grade 1B). 

 

Diagnosis of M. kansasii pulmonary disease can be made using sputum samples, induced 

sputum, bronchoalveolar lavage and bronchial washings [41]. More invasive techniques, 

such as the use of transbronchial biopsies, may be helpful but are associated with increased 

procedural risks.  

The process of investigating for M. kansasii pulmonary disease is the same as for 

M. tuberculosis and we recommend collecting at least three sputum samples (on different 

days or at least 12 hours apart). If sputum samples cannot be obtained, one sample of 

induced sputum or bronchoalveolar lavage should be collected.  

M. kansasii is a virulent species, and isolates in cultures of respiratory samples from 

individuals without HIV have been found to be clinically relevant in more than half of cases 

[131-134].   

There is uncertainty whether a single positive respiratory culture for M. kansasii in the 

context of HIV should be considered clinically relevant; some authors interpret a single 

positive M. kansasii respiratory isolate as an indicator of disease [122,135-137] as 

M. kansasii is among the most pathogenic of NTM species. Repeated positive isolates may 

signify active disease even in the absence of new symptoms.  

Given the high pathogenicity of this species, we recommend full investigation of people 

even with a single positive M. kansasii isolate from a respiratory sample, with a decision on 

whether to initiate therapy made on the basis of the clinical presentation. For instance, in 

people in whom M. kansasii is isolated from non-sterile sites, in the absence of clinical 

and/or radiological disease, specific therapy should be withheld. In the case of repeated 

positive cultures with negative smear microscopy in those who are asymptomatic, a 

watchful approach is recommended, especially in the presence of virological control and       

a high CD4 count [121]. Conversely, the finding of M. kansasii in sterile body locations        

such as blood, tissue, cerebrospinal fluid, pleural fluid and brain should be considered 

clinically significant. 



 

 

Microbiological detection methods have a relatively high sensitivity and specificity for the 

detection of localised NTM infections in people with HIV. In a population-based study, 41% 

of individuals affected by M. kansasii were sputum smear positive. Cultural pathogen 

detection had a high positive predictive value for clinically relevant infection: 85.7% and 

71.4% in individuals with and without HIV respectively [112].  

For all respiratory samples, microscopy and culture should be performed, as this remains the 

most sensitive way to detect NTM. Microscopy should be performed using auramine-phenol 

staining which allows for enhanced sensitivity compared to the Ziehl-Neelsen method. 

Samples should be processed as soon as possible and within 24 hours to avoid bacterial 

overgrowth; the sputum samples should be refrigerated if delays longer than 24 hours are 

anticipated [41].  

We recommend the use of liquid culture medium for isolation of M. kansasii; liquid culture is 

increasingly being used globally as the reference standard, including in high HIV prevalence 

settings [138].   

The use of molecular techniques can aid in the early detection of NTM versus 

M. tuberculosis [139], and should always be used as an adjunct to cultures. Of the molecular 

techniques available, line probe assays are commonly used in the UK and are useful for the 

rapid identification of the most common types of NTM. Although specific PCR tests are 

available for M kansasii [140], there is a lack of validation in people living with HIV and they 

are less sensitive than conventional AFB culture. Moreover, false-positive PCR results [141] 

for M. avium and M. kansasii have been reported in the presence of other species of NTM 

(M. scrofulaceum and M. flavescens respectively) due to the similarity in the hypervariable 

region A of 16S RNA.   

IGRAs have been found to be positive, although at a low rate, in those with M. kansasii 

infection, which carries some of the M. tuberculosis-specific antigens adopted for IGRAs 

[142]. IGRAs should not be used for diagnosing active M. kansasii infection, as this method 

does not distinguish between active disease and latent infection.   

Routine susceptibility testing of M. kansasii isolates should be performed for rifampicin only 

[143]. Resistance to rifampicin correlates well with treatment failure for M. kansasii [144]; 

moreover, when there is resistance to isoniazid and ethambutol, it is generally in the 

presence of rifampicin resistance [145]. 

In the case of rifampicin resistance, we recommend testing potential secondary agents 

which include amikacin, ciprofloxacin, clarithromycin, ethambutol, rifabutin, streptomycin, 

sulphonamides and isoniazid for the treatment of M. kansasii. In vitro minimum inhibitory 



 

 

concentrations of agents against M. kansasii are near the peak achievable serum levels and 

more than 100-fold greater than the values for M. tuberculosis. As the concentrations of 

anti-tuberculous drugs used in susceptibility testing are based on M. tuberculosis tests, some 

isolates of M. kansasii may be reported as resistant to isoniazid at 0.2 g/mL, while the 

1 g/mL standard concentration may yield variable results [146]. These isolates are in fact 

susceptible to slightly higher drug concentrations and reports of resistance to the low 

concentrations of isoniazid have no clinical or therapeutic significance as long as a regimen 

containing rifampicin is used [40].  

6.5 Treatment  

• We recommend treating M. kansasii disease with a combination of rifampicin 

600 mg/day, ethambutol 15 mg/kg/day and isoniazid 300 mg/day (plus pyridoxine) 

(GRADE 1C). 

• We recommend continuing treatment for M. kansasii pulmonary disease for at least 

12 months after sputum culture conversion (GRADE 1C).  

• In the case of rifampicin resistance, we recommend that a regimen should be 

constructed on the basis of drug sensitivity testing results (GRADE 1C). 

 

There have been no randomised clinical trials to demonstrate the optimal treatment for M. 

kansasii disease [122] and the available studies offer limited data in people living with HIV. 

It has been shown that inclusion of rifampicin in the regimen permits faster culture 

conversion with a lower risk of relapse in those with M. kansasii pulmonary disease [122]. 

Before the advent of rifampicin, only 52–80% of people achieved sputum conversion at 

6 months, with relapses in ∼10% and a frequent need for surgical resection [147]. With 

rifampicin-containing regimens, culture conversion generally occurs within the first 

4 months of treatment [147-149], with treatment failure and long-term relapse in ∼1% of 

cases if treatment is maintained for at least 12 months [150]. 

We recommend, in line with the ATS/IDSA [40] and BTS guidelines [41], treating M. kansasii 

infection with a combination of three antimycobacterial drugs including rifampicin 

600 mg/day, ethambutol 15 mg/kg/day and isoniazid 300 mg/day plus pyridoxine.  

In two retrospective cohort studies with small numbers of participants [151,152], treatment 

outcomes with clarithromycin instead of isoniazid achieved similar cure rates (80–100%).  

A macrolide (such as azithromycin 500 mg daily or clarithromycin 500 mg twice daily) can be 

used as an alternative to isoniazid. Azithromycin is preferred to clarithromycin due to the 

lower incidence of drug–drug interactions with antiretroviral agents, although clinical data 



 

 

on its efficacy are limited.  

Rifabutin may be used as an alternative to rifampicin to reduce the impact of drug–drug 

interactions particularly in the case of ART including a boosted protease inhibitor. In the case 

of resistance or intolerance, rifamycins can be replaced by moxifloxacin [40]. 

No randomised clinical trials have evaluated the optimal duration of treatment for 

M. kansasii pulmonary disease or disseminated disease in people living with HIV. The 

duration of treatment should be at least 12 months following sputum culture conversion. In 

the event that people are not able to produce subsequent sputum samples while on 

treatment, the total duration of treatment can be 12 months, as long as there has been 

clinical improvement. In pulmonary infections with initially positive sputum isolates, samples 

should be re-checked routinely (mycobacterial culture) after starting treatment, every        

4–12 weeks during treatment, and for 12 months after completing treatment to assess the 

microbiological response [41]. Treatment failure should be considered in the case of culture 

conversion failure within 4 months and/or a lack of clinical and radiographic improvement.  

M. kansasii infection can be challenging to treat given the need for multiple drugs and long 

treatment periods giving rise to additional complications including pill burden, adherence 

difficulties, potential drug interactions and adverse events [153]. Regular assessment of 

adherence, addressing barriers such as side effects and provision of ongoing support to 

maintain adherence are needed. In the case of therapeutic failure, isolates should be tested 

against a wide panel of antibiotics to guide new treatment regimens. 

Although treatment for 12 months with at least three drugs is effective for the majority of 

cases of M. kansasii lung disease, it has been shown to be insufficient for some. Treatment 

for 18 months has been associated with lower relapse rates compared with shorter 

treatment periods (9 or 12 months) [150].  

M. kansasii isolates that have become resistant to rifampicin as a result of previous therapy 

have been treated successfully with a regimen that consists of high-dose daily isoniazid 

(900 mg) with pyridoxine (50 mg/day), high-dose ethambutol (25 mg/kg/day), and 

sulfamethoxazole (1.0 g three times daily) combined with daily or five times per week 

streptomycin or amikacin for the initial 2 to 3 months, followed by intermittent (twice 

weekly) streptomycin or amikacin for a total of 6 months [145].  

There is no recommended prophylaxis or suppressive regimen for disseminated M.    

kansasii disease. 

 



 

 

7 NTM minor species  

7.1 Epidemiology 

More than 170 species of NTM that cause human disease have been described, the most 

important of which are MAC and M. kansasii. Among the remaining minor species, the most 

frequently described infections in people living with HIV include M. chelonae/abscessus, 

M. fortuitum, M. gordonae, M. simiae and M. genavense [154]. 

7.2 Risk factors and mortality 

As with MAC and M. kansasii, immunosuppression due to HIV remains one of the most 

important risk factors for infection with minor species of NTM. In a retrospective series of 

297 NTM infections in Germany, 87 (29.3%) were observed in people living with HIV, 

56 (64.4%) of whom had CD4 counts <50 cells/mm3 [155]. In a similar series from Portugal, 

66.2% of 74 NTM infections were seen in people living with HIV [156]. In South East Asian 

countries, the prevalence of NTM infection among 1060 people living with HIV was 

estimated at 2%, with current ART conferring lower odds of NTM infection [157]. In China 

the prevalence of NTM infection in people living with HIV with positive mycobacterial 

cultures was 47%, with a diagnosis of NTM versus TB being significantly associated with 

lower median CD4 counts [158]. In a case-finding study from Ghana, 8% of 473 positive 

mycobacterial cultures isolated from people living with HIV were sequenced as NTM, with 

NTM infection versus TB being associated with CD4 counts <100 cells/mm3 [159]. In the USA, 

the median annual incidence of NTM infection in people living with HIV derived from 

laboratory records was estimated at 110 per 100,000 persons, rising to 5300 per 100,000 in 

people with a CD4 count <50 cells/mm3 [160]. Among 36 case reports of NTM infection 

among people living with HIV, only five were from people with CD4 counts >100 cells/mm3 

[161-165]. 

Due to the spectrum of infecting species and clinical syndromes, it is difficult to generalise 

about the outcomes and mortality associated with NTM infection. It is clear, however, that 

survival of people living with HIV with NTM infection has increased markedly with the 

advent of ART. For example, in an international case series reported in 1995, in the pre-ART 

era, 76% of 54 people with M. genavense infections who were living with HIV had died by 

1 year, with none surviving beyond 21 months [166]. By contrast, a retrospective case series 

of 25 M. genavense infections diagnosed in individuals who were living with HIV, from 

19 centres in France and following the introduction of ART, reported markedly reduced 

mortality rates of 26% at 1 year and 50% at 5 years [167]. 



 

 

Respiratory infections account for up to 90% of all NTM isolates implicated in clinical 

disease, although there is often uncertainty as to whether the presence of NTM in 

respiratory samples represents colonisation or infection [158,168]. For example, in a series 

of 291 NTM isolates recovered from 202 people between 2001 and 2010, less than half 

(46%) of 24 different NTM species were associated with human disease, and only a minority 

with pulmonary isolates met ATS diagnostic criteria for NTM disease [169]. In the USA, only 

39% of people with pathogenic NTM isolated from bronchoscopic sampling after admission 

to hospital with pneumonia met ATS diagnostic criteria for NTM pulmonary disease [170]. 

Disseminated infections with NTM species isolated from blood cultures have also been 

reported; isolation of NTM species from blood culture was described in nearly two-thirds 

(62.5%) of individuals included in a case series [171]. A wide range of other extrapulmonary 

presentations are also recorded in case series and case reports, including vertebral 

osteomyelitis [172-174], cutaneous infection [175-178] and CNS infection [179-182]. Of 

note, M. genavense is particularly associated with complex gastrointestinal syndromes, 

including retractile mesenteritis [183-186]. Finally, it is important to be aware that NTM 

infection is also frequently implicated in the presentation of IRIS in people who are living 

with HIV [187-190].  

7.3 Diagnosis and treatment 

Despite their ubiquity, there is currently no high-quality evidence on which to base guidance 

on the diagnosis and treatment of infection with minor species of NTM. The literature 

review conducted for this guideline yielded 115 citations that addressed NTM disease. These 

included 37 case reports, 46 case series, 10 reports described as cross-sectional, prevalence 

or incidence studies and 11 studies with various other epidemiological designs. The 

remainder consisted of narrative reviews, personal opinion or other articles that did not 

present either primary data or secondary data analyses. Fewer than half of identified 

citations (53; 46.1%) were concerned specifically with NTM infection in people living with 

HIV; the majority of these were case reports (36; 67.9%). There were no randomised or 

otherwise controlled studies comparing outcomes from different treatments. 

7.3.1 Diagnosis 

When making a diagnosis of infection with NTM minor species, it is important to be aware 

that speciation does not allow for assumptions of susceptibility to antimycobacterial 

treatment. Where there is a clinical suspicion of disease, phenotypic drug sensitivity testing 

should be performed on all isolates where possible. When susceptibility testing is performed 



 

 

this should include, at a minimum, testing for sensitivity to clarithromycin and should be 

quantitative rather than qualitative (i.e. minimum inhibitory and critical concentrations 

should be reported rather than statements of ‘susceptible’ or ‘resistant’). This is in line with 

recommendations for the diagnosis and treatment of NTM pulmonary infections in the 

general population [41]. 

7.3.2 Treatment 

Where NTM minor species are isolated, phenotypic drug sensitivity testing should be 

performed on all isolates and all cases should be referred to a suitably specialised centre. 

Multidrug regimens used to treat infection with NTM minor species are often empirical and 

almost always include a macrolide (clarithromycin or azithromycin) as the core agent, most 

frequently combined with ethambutol and a fluoroquinolone. Rifabutin is also frequently 

used. This approach recognises the fact that where drug sensitivity data have been collated, 

rates of resistance to isoniazid, streptomycin and rifampicin have been high. In some regions 

considerable rates of resistance to macrolides and to ethambutol have also been reported 

[158,191-194]. M. abscessus is particularly notable as an inherently drug-resistant organism 

[43]. It is important to note that the M. abscessus subspecies abscessus and bolletii are both 

known to have the potential for inducible resistance to macrolide antibiotics, due to the 

presence of the functional erythromycin ribosomal methylase (erm) gene erm41 (this gene is 

also present in M. abscessus subspecies massiliense, but in a non-functional form) [195].  

Although macrolides may be useful for treating a proportion of M. abscessus abscessus 

infections, sequencing of the erm41 gene should be carried out in order to predict inducible 

loss of susceptibility to macrolide antibiotics, with particular caution in the case of any 

isolate demonstrating an initial mean inhibitory concentration of >8 μg/mL [196]. 

There are currently no systematic data to guide duration of therapy. Reported treatment 

lengths are highly variable and may even be lifelong in people with persistent 

immunosuppression, regardless of achieving sustained resolution of clinical and radiological 

features. Some clinicians advocate a minimum period of treatment from sterilisation of 

sputum samples (e.g. 12 months) although this is arbitrary and repeat sampling to 

demonstrate sterilisation is generally not realistic in extrapulmonary disease.  



 

 

8 References 

1. Nightingale SD, Byrd LT, Southern PM et al. Incidence of Mycobacterium avium 
intracellulare complex bacteraemia in human immunodeficiency virus-positive patients.        
J Infect Dis 1992; 165: 1082–1085. 

2. Mocroft A, Katlama C, Johnson AM et al. AIDS Across Europe 1994–98: the EuroSIDA 
study. Lancet 2000; 356: 291–296. 

3. Palella F, Delaney K, Moorman A et al. Declining morbidity and mortality among patients 
with advanced human immunodeficiency virus infection. N Engl J Med 1998; 338: 853–860. 

4. Autran B, Carcelain G, Li TS et al. Positive effects of combined anti-retroviral therapy on 
CD4+ T cell homeostasis and function in advanced HIV disease. Science 1997; 277: 112–116. 

5. Kaplan JE, Hanson D, Dworkin MS et al. Epidemiology of human immunodeficiency virus 
associated opportunistic infections in the United States in the era of highly active 
antiretroviral therapy. Clin Infect Dis 2000; 30 Suppl 1: S5–14. 

6. Chaisson RE, Moore RD, Richman DD et al. Incidence and natural history of 
Mycobacterium avium-complex infections in patients with advanced human 
immunodeficiency virus disease treated with zidovudine. The Zidovudine Epidemiology 
Study Group. Am Rev Respir Dis 1992; 146: 285–289. 

7. Karakousis PC, Moore RD, Chaisson RE. Mycobacterium avium complex in patients with 
HIV infection in the era of highly active antiretroviral therapy. Lancet Infect Dis 2004; 4:  
557–565. 

8. Horsburgh CR Jr. The pathophysiology of disseminated Mycobacterium avium complex 
disease in AIDS. J Infect Dis 1999; 179 Suppl 3: S461–S465. 

9. Reed C, Fordham von Reyn C, Chamblee S et al. Environmental risk factors for infection 
with Mycobacterium avium complex. Am J Epidemiol 2006; 164: 32–40. 

10. Klatt EC, Nichols L, Noguchi TT. Evolving trends revealed by autopsies of patients with 
the acquired immunodeficiency syndrome. 565 autopsies in adults with the acquired 
immunodeficiency syndrome, Los Angeles, Calif, 1982–1993 [corrected]. Arch Pathol Lab 
Med 1994; 118: 884–890. 

11. Faldetta KF, Sheikh VM, Roby GA et al. Clinical characteristics of patients with pulmonary 
MAC in a contemporary HIV+ IRIS cohort. Am J Respir Crit Care Med 2014; 189: A1199. 

12. Benson CA. Disease due to the Mycobacterium avium complex in patients with AIDS: 
epidemiology and clinical syndrome. Clin Infect Dis 1994; 18 Suppl 3: S218–222.   

13. Havlik JA Jr, Horsburgh CR Jr, Metchock B et al. Disseminated Mycobacterium avium 
complex infection: clinical identification and epidemiologic trends. J Infect Dis 1992; 165: 
577–180. 

14. Gascon P, Sathe SS, Rameshwar P. Impaired erythropoiesis in the acquired 
immunodeficiency syndrome with disseminated Mycobacterium avium complex. Am J Med 
1993; 94: 41–48. 

15. Heidary M, Nasiri MJ, Mirsaeidi M et al. Mycobacterium avium complex infection in 
patients with human immunodeficiency virus: a systematic review and meta-analysis. J Cell 
Physiol 2019; 234: 9994–10001. 

16. 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: 252–255. 



 

 

17. Aberg JA, Chin-Hong PV, McCutchan A et al. Localized osteomyelitis due to 
Mycobacterium avium complex in patients with human immunodeficiency virus receiving 
highly active antiretroviral therapy. Clin Infect Dis 2002; 35: E8–E13. 

18. Nyberg DA, Federle MP, Jeffrey RB et al. Abdominal CT findings of disseminated 
Mycobacterium avium-intracellulare in AIDS. Am J Roentgenol 1985; 145: 297–299. 

19. 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: 289–295. 

20. French MA, Lenzo N, John M et al. Immune restoration disease after treatment of 
immunodeficient HIV-infected patients with highly active antiretroviral therapy. HIV Med 
2000; 1: 107–115. 

21. Thaker H, Ong EL. Localized Mycobacterium avium complex in a patient on HAART. Clin 
Microbiol Infect 2000; 6: 564–566. 

22. 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: 122–128. 

23. Alvarez-Uria G, Falcó V, Martín-Casabona N et al. Non-tuberculous mycobacteria in the 
sputum of HIV-infected patients: infection or colonization. Int J STD AIDS 2009; 20: 193–195. 

 24. Hawkins CC, Gold JW, Whimbey E et al. Mycobacterium avium complex infections in 
patients with the acquired immunodeficiency syndrome. Ann Intern Med 1986; 105:        
184–188. 

25. Phillips P, Bonner S, Gataric et al. Nontuberculous mycobacterial immune reconstitution 
syndrome in HIV-infected patients: spectrum of disease and long-term follow-up. Clin Infect 
Dis 2005; 41: 1483–1497. 

26. Esteban J, Molleja A, Fernández-Roblas R, Soriano F. Number of days required for 
recovery of mycobacteria from blood and other samples. J Clin Microbiol 1998; 36:        
1456–1457. 

27. Hussong J, Peterson LR, Warren JR, Peterson LC. Detecting disseminated Mycobacterium 
avium complex infections in HIV-positive patients. The usefulness of bone marrow trephine 
biopsy specimens, aspirate cultures, and blood cultures. Am J Clin Pathol 1998; 110:        
806–809. 

28. Jacomo V, Musso D, Gevaudan MJ, Drancourt M. Isolation of blood-borne 
Mycobacterium avium by using the nonradioactive BACTEC 9000 MB system and 
comparison with a solid-culture system. J Clin Microbiol 1998; 36: 3703–3706. 

29. Oplustil CP, Leite OH, Oliveira MS et al. Detection of mycobacteria in the bloodstream of 
patients with acquired immunodeficiency syndrome in a university hospital in Brazil. Braz J 
Infect Dis 2001; 5: 252–259. 

30. Greub G, Jaton K, Beer V et al. The detection of mycobacteria in blood cultures using the 
Bactec system: 6 weeks versus 12 weeks of incubation? routine terminal Ziel-Neelsen? Clin 
Microbiol Infect 1998; 4: 401–404. 

31. Wallace JM, Hannah JB. Mycobacterium avium complex infection in patients with the 
acquired immunodeficiency syndrome. A clinicopathologic study. Chest 1988; 93: 926–932. 

32. Yagupsky P, Menegus MA. Cumulative positivity rates of multiple blood cultures for 
Mycobacterium avium intracellulare and Cryptococcus neoformans in patients with the 
acquired immunodeficiency syndrome. Arch Pathol Lab Med 1990; 114: 923–925. 

https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Phillips+P&cauthor_id=16231262
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Bonner+S&cauthor_id=16231262
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Gataric+N&cauthor_id=16231262
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Esteban+J&cauthor_id=9574731
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Molleja+A&cauthor_id=9574731
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Fern%C3%A1ndez-Roblas+R&cauthor_id=9574731
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Soriano+F&cauthor_id=9574731
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Hussong+J&cauthor_id=9844594
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Peterson+LR&cauthor_id=9844594
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Warren+JR&cauthor_id=9844594
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Peterson+LC&cauthor_id=9844594
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Jacomo+V&cauthor_id=9817902
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Musso+D&cauthor_id=9817902
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Gevaudan+MJ&cauthor_id=9817902
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Drancourt+M&cauthor_id=9817902
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Oplustil+CP&cauthor_id=11779451
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Leite+OH&cauthor_id=11779451
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Oliveira+MS&cauthor_id=11779451
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Greub+G&cauthor_id=11864356
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Jaton+K&cauthor_id=11864356


 

 

33. Stone BL, Cohn DL, Kane MS et al. Utility of paired blood cultures and smears in diagnosis 
of disseminated Mycobacterium avium complex infections in AIDS patients. J Clin Microbiol 
1994; 32: 841–842. 

34. Shanson DC, Dryden MS. Comparison of methods for isolating Mycobacterium avium-
intracellulare from blood of patients with AIDS. J Clin Pathol 1988; 41: 687–690. 

35. Kiehn TE, Edwards FF. Rapid identification using a specific DNA probe of Mycobacterium 
avium complex from patients with acquired immunodeficiency syndrome. J Clin Microbiol 
1987; 25: 1551–1552. 

36. Cousins D, Francis B, Dawson D. Multiplex PCR provides a low-cost alternative to DNA 
probe methods for rapid identification of Mycobacterium avium and Mycobacterium 
intracellulare. J Clin Microbiol 1996; 34: 2331–2333. 

37. Nichols L, Florentine B, Lewis W et al. Bone marrow examination for the diagnosis of 
mycobacterial and fungal infections in the acquired immunodeficiency syndrome. Arch 
Pathol Lab Med 1991; 115: 1125–1132. 

38. Northfelt DW, Mayer A, Kaplan LD et al. The usefulness of diagnostic bone marrow 
examination in patient with human immunodeficiency virus (HIV) infection. J Acquir Immune 
Defic Syndr 1991; 4: 659–666. 

39. Ninet B, Rutschmann O, Burkhardt K et al. Detection of mycobacterial nucleic acids by 
polymerase chain reaction in fixed tissue specimens of patients with human 
immunodeficiency virus infection. Swiss HIV Cohort Study. Diagn Mol Pathol 1999; 8:      
145–151. 

40. Griffith DE, Aksamit T, Brown-Elliott BA et al. An official ATS/IDSA statement: diagnosis, 
treatment, and prevention of nontuberculous mycobacterial diseases. Am J Respir Crit Care 
Med 2007; 175: 367–416. 

41. Haworth CS, Banks J, Capstick T et al. British Thoracic Society guidelines for the 
management of non-tuberculous mycobacterial pulmonary disease (NTM-PD). Thorax 2017; 
72 Suppl 2: ii1–ii64. 

42. Forbes BA, Banaiee N, Beavis KG et al.; Clinical and Laboratory Standards Institute. 
Laboratory detection and identification of mycobacteria. Approved guideline. Document 
M48-A. Wayne, PA. 2008.  

43. Nightingale SD, Cameron DW, Gordin FM et al. Two controlled trials of rifabutin 
prophylaxis against Mycobacterium avium complex infection in AIDS. N Engl J Med 1993; 
329: 828–833. 

44. Moore RD, Chaisson RE. Survival analysis of two controlled trials of rifabutin prophylaxis 
against Mycobacterium avium complex in AIDS. AIDS 1995; 9: 1337–1342. 

45. Di Pietro N, Kamal N. Rifabutin for the prevention of Mycobacterium avium complex 
bacteraemia in AIDS and HIV-positive patients with CD4 counts ≤ 200 cells/μl. Clin Drug 
Invest 1996; 11: 1–10. 

46. 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. J Infect Dis 2000; 181:  
1289–1297. 

47. Havlir DV, Dubé 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: 392–398. 

https://pubmed.ncbi.nlm.nih.gov/?term=Stone+BL&cauthor_id=8195404
https://pubmed.ncbi.nlm.nih.gov/?term=Cohn+DL&cauthor_id=8195404
https://pubmed.ncbi.nlm.nih.gov/?term=Kane+MS&cauthor_id=8195404


 

 

48. Chu J, Sloan CE, Freedberg KA et al. Drug efficacy by direct and adjusted indirect 
comparison to placebo: an illustration by Mycobacterium avium complex prophylaxis in HIV. 
AIDS Res Ther 2011; 8: 14. 

49. Uthman MM, Uthman OA, Yahaya I. Interventions for the prevention of mycobacterium 
avium complex in adults and children with HIV. Cochrane Database Syst Rev 2013;                 
4: CD007191. 

50. Collins LF, Clement ME, Stout JE. Incidence, long-term outcomes, and healthcare 
utilization of patients with human immunodeficiency virus/acquired immune deficiency 
syndrome and disseminated Mycobacterium avium complex from 1992-2015. Open Forum 
Infect Dis 2017; 4: ofx120.  

51. Havlir D, Schrier R, Torriani F et al. Effect of potent antiretroviral therapy on immune 
responses to Mycobacterium avium in human immunodeficiency virus-infected subjects.       
J Infect Dis 2000; 182: 1658–1663. 

52. 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: 493–503. 

53. El-Sadr W, Burman W, Grant L et al. Discontinuation of prophylaxis against 
Mycobacterium avium complex disease in HIV-infected patients who have a response to 
antiretroviral therapy. N Engl J Med 2000; 342: 1085–1092. 

54. Yangco BG, Buchacz K, Baker R et al. Is primary Mycobacterium avium complex 

prophylaxis necessary in patients with CD4 <50 cells/L who are virologically suppressed on 
cART? AIDS Patient Care STDS 2014; 28: 280–283. 

55. Brooks J, Song R, Hanson D et al. Adult and adolescent spectrum of disease working 
group, discontinuation of primary prophylaxis against Mycobacterium avium complex 
infection in HIV-infected persons receiving antiretroviral therapy: observations from a large 
national cohort in the United States, 1992–2002. Clin Inf Dis 2005; 41: 549–553. 

56. Furrer H, Rossi M, Telenti A et al. Discontinuing or withholding primary prophylaxis 
against Mycobacterium avium in patients on successful antiretroviral combination therapy. 
AIDS 2000; 14: 1409–1412. 

57. Dworkin MS, Hanson DL, Kaplan JE et al. Risk for preventable opportunistic infections in 
persons with AIDS after antiretroviral therapy increases CD4+ T lymphocyte counts above 
prophylaxis thresholds. J Infect Dis 2000; 182: 611–615. 

58. Aberg JA, Wong MK, Flamm R et al. Presence of macrolide resistance in respiratory flora 
of HIV-infected patients receiving either clarithromycin or azithromycin for Mycobacterium 
avium complex prophylaxis. HIV Clin Trials 2001; 2: 453–459. 

59. Chaisson RE, Benson CA, Dube MP et al. Clarithromycin therapy for bacteremic 
Mycobacterium avium complex disease. A randomized, double-blind, dose-ranging study in 
patients with AIDS. AIDS Clinical Trials Group Protocol 157 Study Team. Ann Intern Med 
1994; 121: 905–911.  

60. Benson CA, Williams PL, Currier JS et al.; AIDS Clinical Trials Group 223 Protocol Team. A 
prospective, randomised trial examining the efficacy and safety of clarithromycin in 
combination with ethambutol, rifabutin, or both for the treatment of disseminated 
Mycobacterium avium complex disease in persons with acquired immunodeficiency 
syndrome. Clin Infect Dis 2003 37:1234–1243.  

https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Collins+LF&cauthor_id=28748197
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Clement+ME&cauthor_id=28748197
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Stout+JE&cauthor_id=28748197
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&sort_order=asc&term=AIDS+Clinical+Trials+Group+223+Protocol+Team%5BCorporate+Author%5D


 

 

61. 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: 311–317.  

62. Horsburgh CR Jr, Havlik JA, Ellis DA et al. Survival of patients with acquired immune 
deficiency syndrome and disseminated Mycobacterium avium complex infection with and 
without antimycobacterial chemotherapy. Am Rev Respir Dis 1991; 144: 557–559.  

63. Singer J, Thorn A, Phillips P et al. Predictors of survival and eradication of Mycobacterium 
avium complex bacteremia (MAC) in AIDS patients in the Canadian randomized MAC 
treatment trial. Canadian HIV Trials Network Protocol 010 Study Group. AIDS 1999; 13:   
575–582.  

64. Rossi M, Flepp M, Telenti A et al.; Swiss HIV Cohort Study Disseminated M. avium 
complex infection in the Swiss HIV Cohort Study: declining incidence, improved prognosis 
and discontinuation of maintenance therapy. Swiss Med Wkly 2001; 131: 471–477.  

65. Aberg JA, Williams PL, Liu T et al.; AIDS Clinical Trial Group 393 Study Team. A study of 
discontinuing maintenance therapy in human immunodeficiency virus-infected subjects with 
disseminated Mycobacterium avium complex: AIDS Clinical Trial Group 393 Study Team.        
J Infect Dis 2003; 187: 1046–1052.  

66. Pelletier LL Jr, Sweet D, Harrison D et al. Clarithromycin therapy for Mycobacterium 
avium-complex infections in HIV-infected patients. Infect Dis Clin Pract 1994; 3: 434–438.  

67. May T, Brel F, Beuscart C et al.; and the ANRS Trial 033 Curavium Group. Comparison of 
combination therapy regimens for treatment of human immunodeficiency virus–infected 
patients with disseminated bacteremia due to Mycobacterium avium. Clin Iinfect Dis 1997 
25; 621–629.  

68. Gordin FM, Sullam PM, Shafran SD et al. A randomized, placebo-controlled study of 
rifabutin added to a regimen of clarithromycin and ethambutol for treatment of 
disseminated infection with Mycobacterium avium complex. Clin Infect Dis 1999; 28:     
1080–1085.  

69. 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: 377–383.  

70. Dubé MP, Sattler FR, Torriani FJ et al. A randomized evaluation of ethambutol for 
prevention of relapse and drug resistance during treatment of Mycobacterium avium 
complex bacteremia with clarithromycin-based combination therapy. California 
Collaborative Treatment Group. Clin Infect Dis 1997; 176: 1225–1232.  

71. Parenti DM, Williams PL, Hafner R et al. A phase II/III trial of antimicrobial therapy with 
or without amikacin in the treatment of disseminated Mycobacterium avium infection in 
HIV-infected individuals. AIDS Clinical Trials Group Protocol 135 Study Team. AIDS 1998; 12: 
2439–2446. 

72. Kemper CA, Meng TC, Nussbaum J et al. Treatment of Mycobacterium avium complex 
bacteraemia in AIDS with a four-drug oral regimen. Rifampin, ethambutol, clofazimine, and 
ciprofloxacin. The California Collaborative Treatment Group. Ann Intern Med 1992; 116: 
466–472. 

73. Hajikhani B, Nasiri MJ, Adkinson BC et al. Comparison of rifabutin-based versus rifampin-
based regimens for the treatment of Mycobacterium avium complex: a meta-analysis study. 
Front Pharmacol 2021; 12: 693369. 

https://pubmed.ncbi.nlm.nih.gov/?term=Sattler+FR&cauthor_id=9359722
https://pubmed.ncbi.nlm.nih.gov/?term=Hajikhani+B&cauthor_id=34557091
https://pubmed.ncbi.nlm.nih.gov/34557091/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Nasiri+MJ&cauthor_id=34557091
https://pubmed.ncbi.nlm.nih.gov/34557091/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Adkinson+BC&cauthor_id=34557091


 

 

74. Dunne M, Fessel J, Kumar P et al. A randomised, double-blind trial comparing 
azithromycin and clarithromycin in the treatment of disseminated Mycobacterium avium 
infection in patients with human immunodeficiency virus. Clin Infect Dis 2000; 31:          
1245–1252. 

75. Ward TT, Rimland D, Kauffman C et al. Randomised, open-label trial of azithromycin plus 
ethambutol vs. clarithromycin plus ethambutol as therapy for Mycobacterium avium 
complex bacteremia in patients with human immunodeficiency virus infection. Veterans 
Affairs HIV Research Consortium. Clin Infect Dis 1998; 27: 1278–1285. 

76. Cohn DL, Fisher EJ, Peng GT et al. A prospective randomised trial of four three-drug 
regimens in the treatment of disseminated Mycobacterium avium complex disease in AIDS 
patients: excess mortality associated with high-dose clarithromycin. Terry Beirn Community 
Programs for Clinical Research on AIDS. Clin Infect Dis 1999; 29; 125–133.  

77. Dautzenberg B, Truffot-Pernot C, Grosset J et al. A randomised comparison of two 
clarithromycin doses for treatment of Mycobacterium avium complex infections. Infection 
1997; 25: 16–21. 

78. Koletar SL, Berry AJ, Cynamon MH et al. Azithromycin as treatment for disseminated 
mycobacterium avium complex in AIDS patients. Antimicrob Agents Chemother 1999; 43: 
2869–2872.  

79. Roger PM, Carles M, Agussol-Foin I et al. Efficacy and safety of an intravenous induction 
therapy for treatment of disseminated Mycobacterium avium complex infection in AIDS 
patients: a pilot study. J Antimicrob Chemother 1999; 44: 129–131.  

80. Keiser P, Nassar N, Skiest 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; 10: 791–794.  

81. Riddell J 4th, Kaul DR, Karakousis PC et al. Mycobacterium avium complex immune 
reconstitution inflammatory syndrome: long term outcomes. J Transl Med 2007; 5: 50.  

82. Wu U-I, Chen M-Y, Hu R-H et al. Peritonitis due to Mycobacterium avium complex in 
patients with AIDS: report of five cases and review of the literature. Int J Infect Dis 2009; 13: 
285–290. 

83. Koh W-J, Hong G, Kim S-Y et al. Treatment of refractory Mycobacterium avium complex 
lung disease with a moxifloxacin-containing regimen. Antimicrob Agents Chemother 2013; 
57: 2281–2285. 

84. Bermudez LE, Inderlied CB, Kolonoski P et al. Activity of moxifloxacin by itself and in 
combination with ethambutol, rifabutin, and azithromycin in vitro and in vivo against 
Mycobacterium avium. Antimicrob Agents Chemother 2001; 45: 217–222.  

85. Tomioka H, Sano C, Katsumasa S, Shimizu T. Antimicrobial activities of clarithromycin, 
gatifloxacin and sitafloxacin, in combination with various antimycobacterial drugs against 
extracellular and intramacrophage Mycobacterium avium complex. Int J Antimicrob Agents 
2002; 19: 139–145.  

86. Makarova MV, Krasnova MA. Isolation, identification and drug susceptibility testing of 
non-tuberculous Mycobacteria. Am J Respir Crit Care Med 2012; 185: A4029.  

87. Kapila N, Kapila K, Wilmot J. Cholestasis in AIDS: a case of disseminated Mycobacterium 
avium complex. Am J Gastroenterol 2014; 109: S357–S358. 

88. Namkoong H, Fujiwara H, Ishi M et al. Immune reconstitution inflammatory       
syndrome due to Mycobacterium avium complex successfully followed up using                     



 

 

18F-fluorodeoxyglucose positron emission tomography-computed tomography in a patient 
with human immunodeficiency virus infection: a case report. BMC Med Imaging 2015;       
15: 24.  

89. Circo S, Dillard T, Davis W. Endobronchial mass due to MAC infection despite macrolide 
prophylaxis. Chest 2013; 144: 32A. 

90. Dean R, Subedi R, Karkee A. Chylous ascites in intra-abdominal Mycobacterium avium 
complex immune reconstitution inflammatory syndrome. J Investig Med 2018; 66: 457. 

91. World Health Organization. WHO Consolidated Guidelines on Tuberculosis, Module 4: 
Treatment - Drug-Resistant Tuberculosis Treatment. 2020. Available at: 
https://www.who.int/publications/i/item/9789240007048 (accessed February 2023). 

92. Ralli M, Stournara L, Tsaroucha EG et al. Efficacy and safety of linezolid for the treatment of 
multidrug resistant tuberculosis (MDR-TB) and disease by non tuberculous mycobacteria (NTM).   
Eur Respir J 2011; 38: 4398. 

93. Nannini EC, Keating M, Binstock P et al. Successful treatment of refractory disseminated 
Mycobacterium avium complex infection with the addition of linezolid and mefloquine.         
J Infect 2002; 44: 201–203.  

94. Horsburgh CR Jr, Gettings J, Alexander LN, Lennox JL. Disseminated Mycobacterium 
avium complex disease among patients infected with human immunodeficiency virus,   
1985-2000. Clin Infect Dis 2001; 33: 1938–1943.  

95. Martinez E, Miró JM, González J et al. Withdrawal of Mycobacterium avium complex 
suppressive therapy in HIV-1-infected patients on highly active antiretroviral therapy. AIDS 
1999; 13: 147–148.  

96. Soriano V, Dona C, Rodríguez-Rosado R et al. Discontinuation of secondary prophylaxis 
for opportunistic infections in HIV-infected patients receiving highly active antiretroviral 
therapy AIDS 2000; 14: 383–386. 

97. 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: 1446–1449.  

98. Liao C-H, Chen M-Y, Hsieh S-M et al. Discontinuation of secondary prophylaxis in AIDS 
patients with disseminated non-tuberculous mycobacteria infection. J Microbiol Immunol 
Infect 2004; 37: 50–56.   

99. Shafran SD, Mashinter LD, Phillips P et al. Successful discontinuation of therapy for 
disseminated Mycobacterium avium complex infection after effective antiretroviral therapy 
Ann Intern Med 2002; 137: 734–737.  

100. Zeller V, Truffot C, Agher R et al. Discontinuation of secondary prophylaxis against 
disseminated Mycobacterium avium complex infection and toxoplasmic encephalitis. Clin 
Infect Dis 2002; 34: 662–667. 

101. Kirk O, Reiss P, Uberti-Foppa C et al. Safe interruption of maintenance therapy against 
previous infection with four common HIV-associated opportunistic pathogens during potent 
antiretroviral therapy. Ann Intern Med 2002; 137: 239–250.  

102. Green H, Hay P, Dunn DT, McCormack S; STOPIT Investigators. A prospective 
multicentre study of discontinuing prophylaxis for opportunistic infections after effective 
antiretroviral therapy. HIV Med 2004; 5: 278–283.   

https://www.who.int/publications/i/item/9789240007048


 

 

103. Zolopa A, Andersen J, Powderly W et al. Early antiretroviral therapy reduces AIDS 
progression/death in individuals with acute opportunistic infections: a multicenter 
randomized strategy trial. PLoS One 2009; 4: e5575.  

104. Waters L, Winston A, Reeves I et al. BHIVA guidelines on antiretroviral treatment for 
adults living with HIV-1 2022. HIV Med 2022; 23 Suppl 5: 3–115. 

105. Bracchi M, van Halsema C, Post F et al. British HIV Association guidelines for the 
management of tuberculosis in adults living with HIV 2019. HIV Med 2019; 20 Suppl 6:       
s2–s83. 

106. Havlir DV, Kendall MA, Ive P et al. Timing of antiretroviral therapy for HIV-1 infection 
and tuberculosis. N Engl J Med 2011; 365: 1482–1491. 

107. Blanc F-X, Sok T, Laureillard D et al. Earlier versus later start of antiretroviral therapy in 
HIV-infected adults with tuberculosis. N Engl J Med 2011; 365: 1471–1481. 

108. Abdool Karim SS, Naidoo K, Grobler A et al. Integration of antiretroviral therapy with 
tuberculosis treatment. N Engl J Med 2011; 365: 1492–1501. 

109. Marras TK, Daley CL. A systematic review of the clinical significance of pulmonary 
Mycobacterium kansasii isolates in HIV infection. J Acquir Immune Defic Syndr 2004; 36: 
883–889. 

110. Akram SM, Rawla P. Mycobacterium kansasii. [Updated August 2020]. StatPearls 
[Internet]. Available at: https://www.ncbi.nlm.nih.gov/books/NBK430906/ (accessed 
February 2023). 

111. Hoefsloot W, van Ingen J, Andrejak C et al. The geographic diversity of non tuberculous 
mycobacteria isolated from pulmonary samples: an NTM-NET collaborative study. Eur Respir 
J 2013; 42: 1604–1613.  

112. Bloch KC, Zwerling L, Pletcher MJ et al. Incidence and clinical implications of isolation of 
Mycobacterium kansasii: results of a 5-year, population-based study. Ann Intern Med 1998; 
129: 698-704. 

113. Canueto-Quintero J, Caballero-Granada FJ, Herrero-Romero M et al. Epidemiological, 
clinical, and prognostic differences between the diseases caused by Mycobacterium kansasii 
and Mycobacterium tuberculosis in patients infected with human immunodeficiency virus: a 
multicenter study. Clin Infect Dis 2003; 37: 584–590.  

114. Faria S, Joao I, Jordao L. General overview on nontuberculous mycobacteria, biofilms, 
and human infection. J Pathog 2015; 2015: 809014. 

115. Horsburgh CJ Jr, Selik RM. The epidemiology of disseminated nontuberculous 
mycobacterial infection in the acquired immunodeficiency syndrome (AIDS). Am Rev Respir 
Dis 1989; 139: 4–7. 

116. Wolinsky E. Nontuberculous mycobacteria and associated disease. Am Rev Respir Dis 
1979; 119: 107–159.  

117. Gopinath K, Singh S. Non-tuberculous mycobacteria in TB-endemic countries: are we 
neglecting the danger? PLoS Negl Trop Dis 2010: 4: e615. 

118. Corbett EL, Churchyard GJ, Hay M et al. The impact of HIV infection on Mycobacterium 
kansasii disease in South African gold miners. Am J Respir Crit Care Med 1999; 160: 10–14. 

119. Kim JH, Kang BJ, Jegal Y et al. Risk factors for developing Mycobacterium kansasii lung 
disease: the results of case-control study in Korea. Respirology 2015; 20: 131. 

https://pubmed.ncbi.nlm.nih.gov/?term=Havlir+DV&cauthor_id=22010914
https://pubmed.ncbi.nlm.nih.gov/22010914/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Kendall+MA&cauthor_id=22010914
https://pubmed.ncbi.nlm.nih.gov/?term=Ive+P&cauthor_id=22010914
https://pubmed.ncbi.nlm.nih.gov/?term=Sok+T&cauthor_id=22010913
https://pubmed.ncbi.nlm.nih.gov/?term=Laureillard+D&cauthor_id=22010913
https://pubmed.ncbi.nlm.nih.gov/?term=Abdool+Karim+SS&cauthor_id=22010915
https://pubmed.ncbi.nlm.nih.gov/?term=Naidoo+K&cauthor_id=22010915
https://pubmed.ncbi.nlm.nih.gov/?term=Grobler+A&cauthor_id=22010915
https://www.ncbi.nlm.nih.gov/books/NBK430906/
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0036-1572556/id/JR01203-75
https://www.thieme-connect.com/products/ejournals/linkout/10.1055/s-0036-1572556/id/JR01203-75
https://www.ncbi.nlm.nih.gov/pubmed/10390373


 

 

120. Andrejak C, Peuchant O, Veziris N et al. M. Kansasii pulmonary infections in France: a 
nested cohort study. Am J Respir Crit Care Med 2014; 189: A5390. 

121. Marras TK, Morris A, Gonzalez LC, Daley CL. Mortality prediction in pulmonary 
Mycobacterium kansasii infection and human immunodeficiency virus. Am J Resp Crit Care 
Med 2004; 170: 793–798.  

122. Witzig RS, Fazal BA, Mera RM et al. Clinical manifestations and implications of 
coinfection with Mycobacterium kansasii and human immunodeficiency virus type1. Clin 
Infect Dis 1995; 21: 77–85. 

123. Campo RE, Campo CE. Mycobacterium kansasii disease in patients infected with human 
immunodeficiency virus. Clin Infect Dis 1997; 24: 1233–1238. 

124. Fitzpatrick M, Brooks JT, Kaplan JE. Epidemiology of HIV-associated lung disease in the 
United States. Sem Respir Crit Care Med 2016; 37: 181–198. 

125. Amin RP, Roe DW. An unusual presentation of Mycobacterium kansasii: the 
endobronchial mass. Am J Respir Crit Care Med 2012; 185: A6111. 

126. Kim MS, Han JW, Jin SS et al. A Case of Mycobacterium kansasii pulmonary disease 
presenting as endobronchial lesions in HIV-infected patient. Tuberc Respir Dis (Seoul) 2013; 
75: 157–160. 

127. Cattamanchi A, Nahid P, Marras TK et al. Detailed analysis of the radiographic 
presentation of Mycobaterium kansasii lung disease in patients with HIV infection. Chest 
2008; 133: 875–880. 

128. Bakhsh WR, Mesfin A. Mycobacterium kansasii infection of the spine in a patient with 
sarcoidosis: a case report and literature review. J Surg Orthop Adv 2014; 23: 162–165. 

129. Menashe L, Kerr LD, Hermann G. Mycobacterium kansasii causing chronic 
monoarticular synovitis in a patient with HIV/AIDS. J Radiol Case Rep 2015; 9: 26–35. 

130. Hojat L, Tobolowsky F, Franco-Paredes C. Cutaneous manifestations of Mycobacterium 
kansasii infection. Curr Trop Med Rep 2018; 5: 224–227. 

131. Moon SM, Park HY, Jeon K et al. Clinical significance of Mycobacterium kansasii isolates 
from respiratory specimens. PLoS One 2015; 10: e0139621.  

132. Braun E, Sprecher H, Davidson S, Kassis I. Epidemiology and clinical significance of non-
tuberculous mycobacteria isolated from pulmonary specimens. Int J Tuberc Lung Dis 2013; 
17: 96–99.  

133. Jankovic M, Samarzija M, Sabol I et al. Geographical distribution and clinical relevance 
of non-tuberculous mycobacteria in Croatia. Int J Tuberc Lung Dis 2013; 17: 836–841.  

134. Gommans EP, Even P, Linssen CF et al. Risk factors for mortality in patients with 
pulmonary infections with non-tuberculous mycobacteria: a retrospective cohort study. 
Respir Med 2015; 109: 137–145.  

135. Rooney G, Nelson MR, Gazzard B. Mycobacterium kansasii: its presentation, treatment 
and outcome in HIV infected patients. J Clin Pathol 1996; 49: 821–823. 

136. Levine B, Chaisson RE. Mycobacterium kansasii: a cause of treatable pulmonary disease 
associated with advanced human immunodeficiency virus (HIV) infection. Ann Intern Med 
1991; 114: 861–868. 

137. Valainis GT, Cardona LM, Greer DL. The spectrum of Mycobacterium kansasii disease 
associated with HIV-1 infected patients. J Acquir Immune Defic Syndr 1991; 4: 516–520. 



 

 

138. Chihota V, Grant D. Fielding K et al. Liquid vs. solid culture for tuberculosis: 
performance and cost in a resource-constrained setting. Int J Tuberc Lung Dis 2010; 14: 
1024–1031. 

139. Perry MD, White PL, Ruddy M. Potential for use of the Seegene Anyplex MTB/NTM  
real-time detection assay in a regional reference laboratory. J Clin Microbiol 2014; 52:    
1708–1710. 

140. Deggim-Messmer V, Bloemberg GV, Ritter C et al. Diagnostic molecular 
mycobacteriology in regions with low tuberculosis endemicity: combining Real-time PCR 
assays for detection of multiple mycobacterial pathogens with line probe assays for 
identification of resistance mutations. EBioMedicine 2016; 9: 228–237. 

141. Omar SV, Roth A, Ismail NA et al. Analytical performance of the Roche LightCycler® 
Mycobacterium Detection Kit for the diagnosis of clinically important mycobacterial species. 
PLoS One 2011; 6: e24789. 

142. Sato R, Nagai H, Matsui H et al. Interferon-gamma release assays in patients with 
Mycobacterium kansasii pulmonary infection: a retrospective survey. J Infect 2016; 72:   
706–712. 

143. Woods GL, Brown-Elliott BA, Conville PS et al.; Clinical Laboratory Standards Institute. 
Susceptibility testing of mycobacteria, nocardiae, and other aerobic actinomycetes. 
Approved Standard, 2nd edition. Document M24-A2. Wayne, PA. 2011. 

144. Gerogianni I, Papala M, Kostikas K et al. Epidemiology and clinical significance of 
mycobacterial respiratory infections in Central Greece. Int J Tuberc Lung Dis 2008; 12:     
807–812. 

145. Wallace RJ Jr, Dunbar D, Brown BA et al. Rifampin-resistant Mycobacterium kansasii. 
Clin Infect Dis 1994; 18: 736–743. 

146. Brown-Elliott BA, Nash KA, Wallace RJ Jr. Antimicrobial susceptibility testing, drug 
resistance mechanisms, and therapy of infections with nontuberculous mycobacteria.       
Clin Microbiol Rev 2012; 25: 545–582.  

147. Pezzia W, Raleigh JW, Bailey MC et al. Treatment of pulmonary disease due to 
Mycobacterium kansasii: recent experience with rifampin. Rev Infect Dis 1981; 3:           
1035–1039. 

148. Ahn CH, Lowell JR, Ahn SS et al. Short-course chemotherapy for pulmonary disease 
caused by Mycobacterium kansasii. Am Rev Respir Dis 1983; 128: 1048–1050. 

149. Ahn CH, Lowell JR, Ahn SS et al. Chemotherapy for pulmonary disease due to 
Mycobacterium kansasii: efficacies of some individual drugs. Rev Infect Dis 1981; 3:       
1028–1034. 

150. Santin M, Dorca J, Alcaide F et al. Long-term relapses after 12-month treatment for 
Mycobacterium kansasii lung disease. Eur Respir J 2009; 33: 148–152.  

151. Shitrit D, Baum GL, Priess R et al. Pulmonary Mycobacterium kansasii infection in Israel, 
1999–2004: clinical features, drug susceptibility, and outcome. Chest 2006; 129: 771–776. 

152. Griffith DE, Brown-Elliott BA, Wallace RJ Jr. Thrice-weekly clarithromycin-containing 
regimen for treatment of Mycobacterium kansasii lung disease: results of a preliminary 
study. Clin Infect Dis 2003; 37: 1178–1182. 

153. Larsson LO, Polverino E, Hoefsloot W et al. Pulmonary disease by non-tuberculous 
mycobacteria – clinical management, unmet needs future perspectives. Expert Rev Respir 
Med 2017; 11: 977–989.  



 

 

154. Schiff HF, Jones S, Achaiah A et al. Clinical relevance of non-tuberculous mycobacteria 
isolated from respiratory specimens: seven year experience in a UK hospital. Sci Rep 2019;  
9: 1730. 

155. Wetzstein N, Hügel C, Wichelhaus TA et al. Species distribution and clinical features of 
infection and colonisation with non-tuberculous mycobacteria in a tertiary care centre, 
central Germany, 2006-2016. Infection 2019; 47: 817–825. 

156. Ruas R, Abreu I, Nuak J et al. Nontuberculous mycobacteria in a tertiary Hospital in 
Portugal: a clinical review. Int J Mycobacteriol 2017; 6: 344–348. 

157. McCarthy KD, Cain KP, Winthrop KL et al. Nontuberculous mycobacterial disease in 
patients with HIV in Southeast Asia. Am J Respir Crit Care Med 2012; 185: 981–988. 

158. Lan R, Yang C, Lan L et al. Mycobacterium tuberculosis and non-tuberculous 
mycobacteria isolates from HIV-infected patients in Guangxi, China. Int J Tuberc Lung Dis 
2011; 15: 1669–1675. 

159. Bjerrum S, Oliver-Commey J, Kenu E et al. Tuberculosis and non-tuberculous 
mycobacteria among HIV-infected individuals in Ghana. Trop Med Int Health 2016; 21:  
1181–1190. 

160. Varley CD, Ku JH, Henkle E et al. Disseminated nontuberculous mycobacteria in HIV-
infected patients, Oregon, USA, 2007-2012. Emerg Infect Dis 2017; 23: 533–535. 

161. Dias Campos CE, Fontoura Dias C, Unis G et al. First detection of Mycobacterium triplex 
in Latin America. Int J Mycobacteriol 2016; 5: 89–91. 

162. Cross GB, Le Q, Webb B et al. Mycobacterium haemophilum bone and joint infection in 
HIV/AIDS: case report and literature review. Int J STD AIDS 2015; 26: 974–981. 

163. McGinniss JE, Villanueva M, Malinis M. Halting a rapid grower: inhaled amikacin 
mitigates M. fortuitum pulmonary infection in an HIV/AIDS patient. Am J Respir Crit Care 
Med 2015; 191: A6304. 

164. Phelippeau M, Delord M, Drancourt M, Brouqui P. Respiratory tract isolation of 
Mycobacterium europaeum following influenza infection in an immunocompromised 
patient: a case report. J Med Case Rep 2014; 8: 463. 

165. Seneviratne K, Herieka E. A rifampicin-resistant Mycobacterium marinum infection in a 
newly diagnosed HIV-1 individual. Int J STD AIDS 2013; 24: 75–77. 

166. Pechère M, Opravil M, Wald A et al. Clinical and epidemiologic features of infection 
with Mycobacterium genavense. Swiss HIV Cohort Study. Arch Intern Med 1995; 155:      
400–404. 

167. Charles P, Lortholary O, Dechartres, A et al.; The French Mycobacterium genavense 
Study Group. Mycobacterium genavense infections: a retrospective multicenter study in 
France, 1996-2007. Medicine 2011; 90, 223–230. 

168. Lopes MFT, Alfarroba S, Dinis A et al. Profile of non-tuberculous mycobacteria patients 
in Lisbon. Eur Respir J 2017; 50: PA2734. 

169. Gitti Z, Kontos F, Kosmadakis G et al. Epidemiology and clinical significance of non-
tuberculous mycobacterial isolates. Clin Microbiol Infect 2012;18: 550–551. 

170. Lapinel NC, Jolley SE, Ali J, Welsh DA. Prevalence of non-tuberculous mycobacteria in 
HIV-infected patients admitted to hospital with pneumonia. Int J Tuberc Lung Dis 2019; 23: 
491–497. 

https://pubmed.ncbi.nlm.nih.gov/?term=Schiff+HF&cauthor_id=30741969
https://pubmed.ncbi.nlm.nih.gov/?term=Jones+S&cauthor_id=30741969
https://pubmed.ncbi.nlm.nih.gov/30741969/#affiliation-3
https://pubmed.ncbi.nlm.nih.gov/?term=Achaiah+A&cauthor_id=30741969
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&term=Pech%C3%A8re+M&cauthor_id=7848023


 

 

171. Chou C-H, Chen H-Y, Chen C-Y et al. Clinical features and outcomes of disseminated 
infections caused by non-tuberculous mycobacteria in a university hospital in Taiwan, 2004-
2008. Scand J Infect Dis 2011; 43: 8–14. 

172. Douiri N, Lefebvre N, Hansmann Y et al. Relapsing Pott disease caused by 
Mycobacterium heckeshornense in a well-controlled HIV-infected patient. Med Mal Infect 
2018; 48: 157–158. 

173. Kim C-J, Kim U-J, Kim HB et al. Vertebral osteomyelitis caused by non-tuberculous 
mycobacteria: predisposing conditions and clinical characteristics of six cases and a review 
of 63 cases in the literature. Infect Dis (Lond) 2016; 48: 509–516. 

174. Marino A, Caltabiano E, Zagami A et al. Rapid emergence of cryptococcal fungemia, 
Mycobacterium chelonae vertebral osteomyelitis and gastro intestinal stromal tumor in a 
young HIV late presenter: a case report. BMC Infect Dis 2018; 18: 693. 

175. Tangkosakul T. Mycobacterium haemophilum cutaneous infection in 
immunocompromised patients, 5-case report from a tertiary hospital, Bangkok, Thailand.  
Int J Infect Dis 2012; 16: e297. 

176. Freeman EE, Farsani T, Tsiaras W et al. Atypical mycobacterium in an HIV positive man: 
a rare case of mycobacterium gordonae infection. J Invest Dermatol 2012; 132: S113. 

177. Alexander T, Aivaz O, Eid M et al. Diagnosing cutaneous Mycobacterium haemophilum 
by PCR. J Am Acad Dermatol 2016; 74: AB157. 

178. Techatawepisarn T, Chiewchanvit S, Salee P et al. Ecthyma gangrenosum-like lesions 
associated with disseminated nontuberculous mycobacterial infection in an HIV-infected 
patient. Southeast Asian J Trop Med Public Health 2013; 44: 649–654. 

179. Buppajarntham A, Apisarnthanarak A, Rutjanawech S, Khawcharoenporn T. Central 
nervous system infection due to Mycobacterium haemophilum in a patient with acquired 
immunodeficiency syndrome. Int J STD AIDS 2015; 26: 288–290. 

180. Sogani J, Ivanidze J, Phillips CD. Chiasmitis caused by Mycobacterium haemophilum in 
an immunocompromised adult. Clin Imaging 2014; 38: 727–729. 

181. Lee M-R, Cheng A, Lee Y-C et al. CNS infections caused by Mycobacterium abscessus 
complex: clinical features and antimicrobial susceptibilities of isolates. J Antimicrob 
Chemother 2012; 67: 222–225. 

182. Merkler A, Parlitsis G, May A et al. Demyelinating optic chiasmopathy due to 
mycobacterium haemophilum in a patient with aids. Neurology 2014; 82 Suppl 10: P6.298 

183. Borde JP, Offensperger W-B, Kern WV, Wagner D. Mycobacterium genavense specific 
mesenteritic syndrome in HIV-infected patients: a new entity of retractile mesenteritis. AIDS 
2013; 27: 2819–2822. 

184. Tribuna C, Ângela C, Eira I, Carvalho A. Pulmonary Kaposi sarcoma and disseminated 
Mycobacterium genavense infection in an HIV-infected patient. BMJ Case Rep 2015; 2015: 
bcr2015211683. 

185. Wassilew N, Ciaffi L, Calmy A. Mesenterial involvement of Mycobacterium genavense 
infection: hard to find, hard to treat. BMJ Case Rep 2015; 2015: bcr2014208241. 

186. Motta I, Trunfio M, Calcagno A et al. Undetectable antimicrobial plasma concentrations 
in an HIV-positive patient with protein-losing enteropathy and chylothorax during 
Mycobacterium genavense and Leishmania abdominal infections. J Antimicrob Chemother 
2018; 73: 546–548. 



 

 

187. Ho J, Balm M, Huggan P et al. Immune reconstitution inflammatory syndrome 
associated with disseminated Mycobacterium sherrisii infection. Int J STD AIDS 2012; 23: 
369–370. 

188. Leth S, Jensen-Fangel S. Infrapatellar bursitis with Mycobacterium malmoense related 
to immune reconstitution inflammatory syndrome in an HIV-positive patient. BMJ Case Rep 
2012; 2012: bcr2012007459. 

189. Hibiya K, Tateyama M, Teruya H et al. Immunopathological characteristics of immune 
reconstitution inflammatory syndrome caused by Mycobacterium parascrofulaceum 
infection in a patient with AIDS. Pathol Res Pract 2011; 207: 262–270. 

190. Vitoria MA, González-Domínguez M, Salvo S et al. Mycobacterium simiae pulmonary 
infection unmasked during immune reconstitution in an HIV patient. Diagn Microbiol Infect 
Dis 2013; 75: 101–103. 

191. Chayakulkeeree M, Naksanguan T. Epidemiology and clinical characteristic of 
mycobacterial infections in human immunodeficiency virus-infected patients in Siriraj 
Hospital. J Med Assoc Thai 2015; 98: 238–244. 

192. Wang D-M, Liao Y, Li Q-F et al. Drug resistance and pathogenic spectrum of patients 
coinfected with nontuberculous mycobacteria and human-immunodeficiency virus in 
Chengdu, China. Chinese Medical J (Engl) 2019; 132: 1293–1297. 

193. Mahmood M, Ajmal S, Marcelin JR, Saleh OA. Disseminated mycobacterium genavense 
in the immunocompromised: a case series at Mayo Clinic Rochester. Open Forum Infect Dis 
2017; 4 Suppl 1: S672–S673.  

194. Otchere I, Asante-Poku A, Osei-Wusu S et al. Isolation and characterization of 
nontuberculous mycobacteria from patients with pulmonary tuberculosis in Ghana. Int J 
Mycobacteriol 2017; 6: 70–75. 

195. Nash KA, Brown-Elliott BA, Wallace RJ Jr. A novel gene, erm(41), confers inducible 
macrolide resistance to clinical isolates of Mycobacterium abscessus but is absent from 
Mycobacterium chelonae. Antimicrob Agents Chemother 2009; 53: 1367–1376. 

196. Brown-Elliott BA, Vasireddy S, Vasireddy R et al. Utility of sequencing the erm(41) gene 
in isolates of Mycobacterium abscessus subsp. abscessus with low and intermediate 
clarithromycin MICs. J Clin Microbiol 2015; 53: 1211–1215. 

 

 

9 Acknowledgements 

The writing group thanks Dr Alec Bonington, North Manchester General Hospital, Dr 
Constance Benson, University of California San Diego, CA, USA, and Prof Christine Katlama, 
Hospital Pitie Salpetriere and Sorbonne University, Paris, France for their reviews and helpful 
comments. The writing group also thanks Mr Ben Cromarty and Prof Nicoletta Policek, both 
of UK Community Advisory Board (UK-CAB), for reviewing this chapter. 

  

https://pubmed.ncbi.nlm.nih.gov/?term=Brown-Elliott+BA&cauthor_id=25653399
https://pubmed.ncbi.nlm.nih.gov/?term=Vasireddy+S&cauthor_id=25653399
https://pubmed.ncbi.nlm.nih.gov/?term=Vasireddy+R&cauthor_id=25653399


 

 

Appendix 1. Literature searching and PICO questions 
 

Literature searching 
The Medline, Embase and Cochrane Library databases were searched using the following 
terms: (HIV or AIDS) AND (atypical mycobacterial infections, Mycobacterium avium complex, 
Mycobacterium avium intracellulare or Mycobacterium kansasii). Searches were limited to 
English language papers published between 1980 and the date of the searches (June 2019).  
 
Abstracts from selected conferences (Conference on Retroviruses and Opportunistic 
Infections, International AIDS Society/AIDS Conference, European AIDS Clinical Society, 
BHIVA, HIV Glasgow and Infectious Diseases Society of America) between January 2017 and 
June 2019 were also searched. 

 

PICO questions 
1. Definition  
a. How is disseminated NTM infection defined?  
b. How is localised NTM infection defined?   
c. What are the main differences in NTM infection between people living with HIV and the 
non-HIV population? 
d. Which are the most relevant types of NTM for people living with HIV? 
 
2. Diagnosis 
a. What is the correct approach for diagnosis of NTM? 
b. Which investigations should be performed? 
c. What samples should be sent for testing? 
d. What microbiological tests should be performed? 
e. Does in vitro susceptibility predict resistance?  
 
3. Management of patients 
a. Do patients need isolation? 
b. Which antimicrobials should be used in localised disease? 
c. Which antimicrobials should be used in disseminated disease?  
d. Which antimicrobials should be used in the case of macrolide resistance?  
e. What is the optimal length of treatment in localised disease? 
f. What is the optimal length of treatment in disseminated disease?  
g. Which tests should be performed during treatment monitoring? 
h. What is the correct approach to confirm cure/treatment failure/relapse? 
 
4. Role of adjunctive therapy 
a. ART 
 
5. Prophylaxis 
a. Who should receive NTM prophylaxis?  
b. Which antimicrobials should be used for prophylaxis? 
c. What are the stopping criteria for prophylaxis?  
 

https://www.eacsociety.org/guidelines/eacs-guidelines/eacs-guidelines.html

