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Introduction

Pulmonary cavities are caused by tissue necrosis that leads 
to the exclusion of a portion of the pulmonary parenchyma 
via the bronchial tree.1,2 In general, the differential diagnosis 
of pneumonitis with cavitations includes infectious and 
noninfectious causes (Table 1). The infectious causes include 
bacteria such as community-associated methicillin-resistant 
Staphylococcus aureus,3 Actinomyces or Nocardia asteroids,1,2 
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Abstract

Background: There is an increasing recognition of organisms in the order Actinomycetales 

including Nocardia sp. causing lung infections that mimic pulmonary tuberculosis or fungal 

pneumonias. 

Methods: We retrospectively evaluated a cohort of patients in the southeastern United States 

in whom a presumptive diagnosis of pulmonary tuberculosis was initially entertained but who 

eventually were found to have infection caused by Rhodococcus sp. or Tsukamurella sp. 

Results: Among a cohort of 52 individuals diagnosed as case suspects for pulmonary tuberculosis, 

we identifi ed six patients who were infected with either Rhodococcus sp. or Tsukamurella sp. Of 

these six patients, two had co-infection with Mycobacterium tuberculosis. 

Conclusions: Infection with aerobic actinomycetes may mimic pulmonary tuberculosis or may 

cause concomitant disease in patients with pulmonary tuberculosis. 
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Rhodococcus equi,4 Pseudomonas aeruginosa,1 melioidosis,2 
polymicrobial necrotizing pneumonias or lung abscesses;2 
mycobacteria including Mycobacterium tuberculosis5 or 
nontuberculous mycobacteria such as Mycobacterium 

kansasiii,6 Mycobacterium avium-intracellulare and 
others;7 fungi Aspergillus fumigatus,8 Histoplasma 

capsulatum,9 Cryptococcus neoformans or Cryptococcus 

gatti,10,11 Blastomyces dermatitidis,12 Coccidiodes immitis,13 
Penicillium2 and others; and parasites Paragonimus 
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Pulmonary tuberculosis (TB), which is often associated 
with cavitary disease, continues to be a significant cause 
of morbidity and mortality in the U.S.17 Whereas the overall 
rates have declined to 3.4/100,000 persons in 2011, some 
specific geographic areas continue to be “hotspots” of 
TB transmission. In the U.S. state of Georgia, the number 
of tuberculosis cases (pulmonary and extrapulmonary) 
continues imposing substantial burden of disease in some 
districts.17 Interestingly, during the clinical evaluation 
of these cases, it has become evident that some cases 
suspected to be pulmonary TB from a clinical and radio-
graphic evaluation were found as having infection due to 
aerobic actinomycetes such as Nocardia, Rhodococcus, or 

Tsukamurella. Recent reports confirm our findings.18-21

The Actinomycetales group of bacterial pathogens 
includes phylogenetically diverse but morphologically similar 
aerobic and anaerobic actinomycetes such as Actinomyces, 
Rothia, Nocardia, Williamsia, Gordonia, Tsukamurella, 
and Rhodococcus.18,19 This group of pathogens can cause 
human and veterinary disease leading to clinical syndromes 
involving the lung, bone and joints, soft tissue, and central 
nervous system similar to some fungal and mycobacterial 
infections.18,21 Indeed, lung infections with these organisms 
can produce cavitary disease manifesting with productive 
cough for many weeks, hemoptysis, fever, night sweats, 
weight loss and malaise, a clinical picture of pulmonary 
tuberculosis. These organisms may not only mimic 
pulmonary TB according to their clinical and radiographic 
features but they may also appear as acid-fast bacilli in 
sputum specimens.19

In this study we were interested in conducting a 
retrospective assessment of clinical cases of suspected 
pulmonary TB and in whom aerobic actinomycetes 
pathogens were isolated during the clinical investigation of 
cases of pulmonary TB. The association of Nocardia sp. and 

Actinomyces sp. with tuberculosis-like pneumonias has been 
previously reported.2,18,21 However, there is an increasing 
awareness of other members of the group of Actinomycetales 
causing lung infections with clinical and imaging similarities 
to those with patients suffering from pulmonary TB. 

Subjects and methods

We conducted a descriptive, observational and retrospective 
review of clinical cases of suspected pulmonary TB (TB 
Class V as per the International Union Against Tuberculosis 
and Lung Disease) during a 2-year period (September 
2011 to September 2013) in two large districts in southwest 
Georgia (U.S.) to identify the number of those infected with 
bacterial pathogens in the group of Actinomycetales. We 
were particularly interested in identifying those cases where 
Tsukamurella spp. or Rhodococcus spp. were isolated during 
the clinical workup of cases of presumed pulmonary TB. We 
defined cases according to their clinical presentation (fever, 
night sweats, productive cough for many weeks, malaise, 
weight loss, and hemoptysis) and chest radiograph or CT 
scan of the chest with findings compatible with pulmonary 
TB (cavitary lesions, endobronchial spread of pneumonia, or 
upper lobe pneumonias) (Fig. 1). 

During the study period we included patients residing 
in the two largest districts in southwest Georgia (U.S.) 

Table 1 Etiologies of cavitary pulmonary disease.

Infectious

Bacterial 

 Necrotizing pneumonias (i.e., Staphylococcus aureus, 

   Streptococcus pneumoniae, Klebsiella pneumoniae, 

Pseudomonas aeruginosa)

 Lung abscesses (frequently polymicrobial from oral 

   bacterial fl ora)

 Septic pulmonary emboli (i.e., Staphylococcus aureus)

 Actinomycosis

 Melioidosis

 Rhodococcus

Parasitic

 Paragonimiasis

 Echinococcosis

Mycobacterial

 Mycobacterium tuberculosis

 Nontuberculous mycobacteria (i.e., Mycobacterium 

   kansasii, Mycobacterium avium-intracellulare)

Fungal

 Aspergillosis

 Histoplasmosis

 Blastomycosis

 Coccidiodomycosis

 Cryptococcosis

Penicillium

 Pneumocystis jiroveci

 Paracoccidiodomycosis

 Zygomycosis

Infl ammatory

 Granulomatosis and polyangitis

 Rheumatoid arthritis

 Ankylosing spondylitis

 Sarcoidosis

Neoplastic

 Lung carcinoma

 Lymphoma

 Kaposi sarcoma

Miscellaneous

 Pulmonary infarction

 Fat embolism 

 Langerhan’s cell histiocytosis

 Cryptogenic organizing pneumonia (formerly bronchiolitis 

   obliterans organizing pneumonia or BOOP)

westermani or cystic echinococcosis.2,14 Other infectious 
causes include septic emboli to the lung (right-sided 
endocarditis, Lemierre’s syndrome).2 Among the non-
infectious causes, the most salient etiologies include 
autoimmune diseases such as granulomatosis with 
polyangitis,15 rheumatoid arthritis,2 sarcoidosis,2 ankylosing 
spondylitis,16 pulmonary contusion and pulmonary 
infarction.2 In addition, bronchogenic carcinomas or 
metastatic neoplasms to the lung may develop cavities 
or a bronchogenic carcinoma may lead to postobstructive 
pneumonia with secondary cavitation.2 Thick wall cavities 
tend to be associated with malignancies.1,2
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evaluated by clinicians and referred to public health nurses. 
Microbiological studies were performed at local hospitals and 
also at the reference State Public Health Laboratory (Atlanta, 
GA). Standard microbiological methods for mycobacteria 
were used including acid-fast bacilli fluorochrome staining 
and high-performance liquid chromatography. Data were 
collected using an Excel spreadsheet and simple proportions 
were calculated. Patients were treated according to official 
tuberculosis treatment guidelines and those patients who 
were identified to have co-infection or infection with aerobic 
actinomycetes were referred for appropriate treatment by 
their clinician. The study was approved the Institutional 
Review Committee.

Results

During the study period we identified 52 individuals 
classified as case suspect for pulmonary TB case suspect 
(TB Class V) by clinical and radiographic criteria. A total 

of 43/52 (83%) cases were diagnosed as pulmonary TB. 
Among cases of pulmonary TB, 36/43 (84%) were confirmed 
microbiologically and 7/43 (16%) cases were classified as 
clinical cases (negative AFB staining and negative culture 
but having clinical response to the institution of anti-TB 
therapy for at least 6 weeks) (Table 2).

Other etiologies identified included nontuberculous 
mycobacteria: two cases of infection due to Mycobacterium 

kansasii and one case caused by Mycobacterium abscessus. 
We also identified 6/52 (12%) patients who were considered 
having disease produced by aerobic actinomycetes. 
Radiographic imaging demonstrated cavitary pneumonias 
in all six patients. Of these, two cases were diagnosed as 
having Rhodococcus equi infection and four patients with 
infection due to Tsukamurella sp. Importantly, two cases 
had co-infection with Mycobacterium tuberculosis (one 
with Tsukamurella sp. and one with Rhodococcus equi).19 No 
cases of Gordonia sp. or Nocardia sp. were identified in this 
cohort of patients.

Among those diagnosed with aerobic actinomycetes 
infection, the median age was 41 years and all were male. 
None of the six cases had a history of travel outside the 
state of Georgia. We identified smoking history in 5/6 
(83%) patients and one patient (17%) had diabetes. All 
were HIV-seronegative (HIV testing is routinely performed 
during the initial workup of individuals classified as 
having TB Class V). A history of cancer was also not 
elicited among these six patients. All cases resided in 
rural areas where agriculture is the main occupation. 
All patients received adequate medical therapy22 and 
eventually recovered clinically and microbiologically. 
The only deaths reported during the 6-month treatment 
period were the patients co-infected with Mycobacterium 

tuberculosis and Rhodococcus.19 

Discussion

In the presence of effective treatment, treatment failure of 
pulmonary TB is considered with continued or recurrently 
positive cultures during the course of anti-TB therapy after 
4 months of treatment.23-25 Probable reasons for delayed 
conversion or treatment failure in patients receiving 
appropriate regimens include nonadherence to medications, 
underlying drug resistance, development of de novo drug 
resistance, decreased absorption of drugs, laboratory error, 
and the fact that some individuals may respond slowly due 
to biological variation.19,23-25 Additionally, there is a growing 
recognition that other pathogens may share, to some degree, 

Figure 1 Large cavitary lesion involving the posterior and 

lateral segments of the left upper lobe extending into the 

lingula. There is also consolidation with air bronchograms at 

the right upper lobe.

Table 2 Aerobic Actinomycetes identifi ed among all cases suspected of having pulmonary TB in southwest Georgia 

(September 2011-September 2013).

 No. cases Co-infected with Mycobacterium tuberculosis Smokers Rural/Agricultureb

Total  6/52 (12%) 2/52 (%) 5/6 (83%) 6/6 (100%)

Tsukamurella 4/6 (66%) 1/4 (25%) 3/6 (50%)a 4/4 (100%) 

Rhodococcus 2/6 (33%) 1/2 (50%) 2/6 (33%) 2/2 (100%)

a One patient with Tsukamurella sp. had a history of type 2 diabetes mellitus.
b Southwest Georgia is geographically a soil-rich area for agriculture where pecan trees, cotton, and peanuts are widely distributed.
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the acid-fastness property and that may mimic pulmonary 
TB from a clinical standpoint. In fact, some respiratory 
microorganisms other than Mycobacterium tuberculosis 

and the nontuberculous mycobacteria share this property 
including Nocardia spp., Rhodococcus spp., Tsukamurella 

sp. and Legionella micdadei. Thus, clinicians should be 
aware of the potential for misdiagnosis of these organisms 
with the tubercle bacilli due also to the similarities found 
among these pathogens in their clinical presentation and 
radiographic imaging.19

Aerobic actinomycetes may either co-infect or be the 
actual pathogen among those in whom pulmonary TB 
was initially suspected as demonstrated in our series 
of patients.18 We identified cases of Rhodococcus sp. 
and Tsukamurella sp. but no cases of Nocardia sp. or 
Gordonia sp. were identified. All patients presented with 
a tuberculosis-like clinical syndrome and chest radiograph 
with cavitary disease and features consistent with 
pulmonary TB as the initial clinical impression. As a group, 
these organisms exhibit staining patterns such as filamentous 
branching structures, which may fragment into rods or 
coccoid forms. This is one of the morphological reasons 
why acid-fast bacilli organisms such as Mycobacterium, 

Tsukamurella, and Rhodococcus may occasionally be 
confused even by experienced microbiologists by staining 
patterns.19,21,26 Therefore, filamentous branching may not 
always be present in cases of Rhodococcus, Gordonia, or 
Tsukamurella. In addition, difficulties in culturing and 
identifying aerobic actinomycetes are responsible for 
delayed or inappropriate diagnosis.26 Different from other 
reports,18,21 we noted that most cases were patients who 
had a long-standing history of smoking and who live in rural 
agricultural-based settings. Only one patient had diabetes 
mellitus but no other comorbidities were identified.

Rhodococcus equi is an aerobic generally nonmotile 
Gram-positive rod that looks coccoid on solid media and 
in tissue.18,27 R. equi is preferentially a zoonotic pathogen 
but occasionally can cause severe and often fatal disease 
in humans.27,28 The acid-fastness of this organism with 
a modified acid technique stems from the presence 
of mycolic acids in the cell wall. During the last two 
decades, increases in the prevalence of R. equi disease 
coincide with the pandemic of HIV/AIDS and the use of 
highly immunosuppressive drugs used for transplantation, 
autoimmune diseases, and cancer chemotherapy.29 Aerosols 
and dust particles seem to be the predominate mode 
of acquisition. Frequently there is a history of contact 
with soil from horse farms or farming environments.4 The 
characteristic pathological findings associated with infection 
due to R. equi include the presence of malakoplakia, 
which is characterized by a dense infiltration of foamy 
histiocytes with intracellular coccobacilli and scattered 
concentric basophilic inclusions termed Michaelis-Gutmann 
bodies.27-29 R. equi infection manifests primarily as pulmonary 
disease but some may develop extrapulmonary infection 
(bacteremia, skin and soft tissue infections, mesenteric 
adenitis, and others).4 Rhodococcus spp. infection affects 
immunocompromised individuals and pulmonary disease is 
present in ∼80% of cases with the most common radiographic 
findings being cavitary pneumonia located in the upper 
lobes. This is the reason for the potential misdiagnosis 
between R. equi and M. tuberculosis.19,29 Tsukamurella sp. 

such as T. paurometabola, but more frequently T. pulmonis 
and T. tyrosinosolvens, have been associated with lung 
infections.18 These veterinary and human pathogens are 
catalase-positive, gram-positive nonmycelium forming rods 
that can be identified as staining mildly to substantially with 
acid-fast staining.18,19

Previous studies demonstrated that bacterial pathogens in 
the Actinomycetales group, particularly Nocardia spp. and 
Actinomyces spp., may cause tuberculosis-like pneumonias. 
In our experience, we conclude that aerobic actinomycetes 
such as Gordonia, Rhodococcus, and Tsukamurella are 
also increasingly recognized clinical pathogens that may 
masquerade as pulmonary TB in patients with or in many 
cases without any identifiable immune deficiency. 
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