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Intracranial infection caused by 
Mycobacterium rhodesiae with 
specific imaging findings and 
good response to medication: a 
case report and literature review
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1 Department of Neurology, Peking University First Hospital, Beijing, China, 2 Magma Capital Funds, 
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Nontuberculous mycobacteria (NTM) are exceedingly rare etiological agents of 
intracranial infections. Among them, Mycobacterium rhodesiae stands out as an 
even less common pathogen. In this paper, we report the first documented case 
of a central nervous system (CNS) infection in humans caused by Mycobacterium 
rhodesiae, which has specific imaging findings and good response to the 
therapy by using Linezolid, Clarithromycin, and Minocycline. The diagnosis was 
facilitated by a comprehensive multimodal approach, incorporating multisite 
imaging, cerebrospinal fluid analysis via next-generation sequencing (NGS), 
and targeted genetic testing. Furthermore, this paper provides a derivation of 
the clinical characteristics observed in other documented instances of CNS 
infections attributable to NTM and based on a review of the current literature. 
Our experience contributes to the evidence that is needed to understand the 
full spectrum of NTM-related CNS pathologies and underscores the importance 
of a multidisciplinary diagnostic process in atypical presentations of intracranial 
infections.
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Introduction

Central nervous system (CNS) infections caused by nontuberculous mycobacteria (NTM) 
present significant diagnostic challenges, often leading to misdiagnosis and inappropriate 
treatment with conventional antitubercular drugs (1). Intracranial NTM infections, in 
particular, can manifest with sudden onset of focal neurological deficits, without typical 
symptoms like fever or headache, mimicking stroke, and necessitating differentiation from 
other diseases. The existing literature primarily focuses on pulmonary manifestations of NTM, 
leaving a gap in established guidelines for CNS-related NTM infections.

NTM species known to cause CNS infections can be classified into four groups based on 
their growth rate, morphology, and pigmentation response to light (2). Among these, 
Mycobacterium rhodesiae, a rapid-growing scotochromogenic mycobacterium, was first 
identified in 1971 from the sputum of Rhodesian patients suspected of pulmonary tuberculosis 
(3). Infections outside the lungs, especially caused by Mycobacterium rhodesiae, are extremely 
rare. To date, only one case of peritonitis has been attributed to this pathogen (4). In this paper, 

OPEN ACCESS

EDITED BY

Sam Donta,  
Falmouth Hospital, United States

REVIEWED BY

Anand Kumar Maurya,  
All India Institute of Medical Sciences, Bhopal,  
India
Nicolas Ramos,  
El Bosque University, Colombia

*CORRESPONDENCE

Qing Peng  
 qing054@126.com

RECEIVED 08 April 2024
ACCEPTED 07 May 2024
PUBLISHED 30 May 2024

CITATION

Chen S, Sun W, Liu R, Yao L and 
Peng Q (2024) Intracranial infection caused 
by Mycobacterium rhodesiae with specific 
imaging findings and good response to 
medication: a case report and literature 
review.
Front. Med. 11:1414369.
doi: 10.3389/fmed.2024.1414369

COPYRIGHT

© 2024 Chen, Sun, Liu, Yao and Peng. This is 
an open-access article distributed under the 
terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or 
reproduction in other forums is permitted, 
provided the original author(s) and the 
copyright owner(s) are credited and that the 
original publication in this journal is cited, in 
accordance with accepted academic 
practice. No use, distribution or reproduction 
is permitted which does not comply with 
these terms.

TYPE Case Report
PUBLISHED 30 May 2024
DOI 10.3389/fmed.2024.1414369

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2024.1414369&domain=pdf&date_stamp=2024-05-30
https://www.frontiersin.org/articles/10.3389/fmed.2024.1414369/full
https://www.frontiersin.org/articles/10.3389/fmed.2024.1414369/full
https://www.frontiersin.org/articles/10.3389/fmed.2024.1414369/full
https://www.frontiersin.org/articles/10.3389/fmed.2024.1414369/full
https://www.frontiersin.org/articles/10.3389/fmed.2024.1414369/full
mailto:qing054@126.com
https://doi.org/10.3389/fmed.2024.1414369
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2024.1414369


Chen et al. 10.3389/fmed.2024.1414369

Frontiers in Medicine 02 frontiersin.org

we  report the first case of intracranial infection caused by 
Mycobacterium rhodesiae, enriching the medical literature by 
illustrating a novel manifestation of NTM infections.

Case presentation

A 41-year-old male working as a sanitation worker had two 
episodes of stroke 10 months before admission in 2021, exhibiting 
sudden onset of numbness and weakness in his right limbs. He was 
treated with aspirin and clopidogrel. The patient’s modified Rankin 
Scale (mRS) reached grade 2 after discharge. The patient was 
diagnosed with Type-2 diabetes and acute tubulointerstitial nephritis 
during his first hospitalization. Prednisone was started to treat 
nephritis. Three months before admission, he  had a serious lung 
infection with a maximum temperature of 39 degrees Celsius and 
abnormal chest imaging. Fiberoptic bronchoscopy and next-
generation sequencing (NGS) examination of the alveolar lavage 
solution suggested nontuberculous mycobacterial (NTM) infection. 
Azithromycin and rifampicin were given for the treatment of NTM 
but were stopped because of gastrointestinal adverse effects. 
Subsequently, the patient was administered clarithromycin and 
linezolid to treat NTM till his temperature returned to normal range. 
One month before admission, he  experienced a sudden onset of 
weakness and numbness in his left limbs, however, he had no headache 
or fever. The magnetic resonance imaging (MRI) of the head showed 
newly occurred abnormal signals in the right frontal lobe with 
possible bleeding and without any obvious abnormality in cranial 
arteries or veins. The peritoneal dialysis was initiated for his increasing 
creatinine levels. The patient’s weakness worsened gradually,the 
muscle strength of his left limbs decreased to level 3, and his mRS was 
grade 4. In the interim, he began to experience episodic tics in his left 
limbs. After admission, the MRI (Figures 1A,B) showed mixed signal 
lesions in the right frontal and parietal lobe with significant edema 
around the lesions. The microbleeds could be seen in both new lesions 
and old infarctions in the brain (Figure  1C). The computed 
tomography (CT) of head showed iso-density lesions in white matter 
and low-density lesions around the right frontal and parietal lobe with 
rim-like or nodule-like enhancement in the frontal parietal lobe 
(Figures 1D,E). The Magnetic resonance spectroscopy pattern of the 
lesions showed decreased N-Acetylaspartic acid (NAA) peak, an 
increased choline peak, and the presence of lactate peak and lipid 
peak. The cerebrospinal fluid (CSF) revealed normal cranial pressure 
and cell count (2 × 106 cells/L) with elevated protein level (0.97 g/L) 
and decreased glucose level (3.52 mmol/L). His blood glucose level 
was 12.4 mmol/L. The Acid-fast staining test for bacteria was negative. 
The Adenosine deaminase level in CSF was 1.6 U/L. However, the 
NGS of the CSF detected Mycobacterium rhodesiae which provided 
evidence for infection of the central nervous system. The cytology of 
CSF did not reveal tumor cells. Furthermore, the chest CT scan 
showed diffuse small nodules in bilateral lungs (Figure 2) that were 
similar to his previous chest CT scan 3 months earlier, indicating a 
high possibility of lung infection.

From a clinical perspective, for a 41-year-old young man who had 
several episodes of stroke history with unusual imaging features, other 
etiological factors should be differentiated. First, primary angiitis of 
the central nervous system (PACNS) should be differentiated as the 
patient had multiple infarctions with microbleeds at both new lesions 

and old infarctions. The PACNS can also have tumor-like appearance 
with predominant edema around. Second, the hereditary cerebral 
small vessel diseases (hCSVD) should be excluded. Third, the tumors 
should be considered.

Further examinations were conducted which included tests for 
blood tumor markers, autoimmune antibodies, and a genetic test for 
hCSVD, with all negative results for these examinations. The color 
fundus photography indicated scattered hemorrhages and exudates in 
both eyes.

Linezolid, clarithromycin, and minocycline were administered for 
6 months. The patient’s symptoms improved and brain lesions 
diminished gradually. However, the patient stopped taking the 
medications after 3 months, due to gastrointestinal adverse effects. 
After a two-year follow-up, the patient did not have any more stroke-
like episodes or seizures. After 18 months, the MRI of head showed 
the extent of the lesion had regressed significantly (Figure 1F). After 
rehabilitation, the patient’s mRS improved to grade 2.

Discussion and literature review

NTM are widely present in soil and water. They are known to 
cause insidious skin and soft tissue infections after trauma or surgery, 
chronic lung diseases, and disseminated disease in the 
immunosuppressed hosts (5). Intracranial infection caused by NTM 
is a very uncommon occurence. The cases reported in the literature 
are mainly related to the retention of intracranial hardware in 
neurosurgery or individuals with immunosuppressed conditions such 
as human immunodeficiency virus (HIV) infection (6–14). 
Furthermore, there are some cases related to trauma, especially 
traumatic head injury including facial fracture and facial gunshot 
injury (5, 15, 16). All these patients with a history of trauma had 
undergone surgery related to their cranial injuries.

There are different NTM species mentioned in the literature that can 
cause intracranial infection, among which, Mycobacterium avium 
complex is the most common species for cause of NTM-CNS infection, 
followed by Mycobacterium fortuitum and Mycobacterium abscessus (17). 
The other rare species that can infect CNS include: Mycobacterium 
kansasii, Mycobacterium haemophilum, Mycobacterium mucogenicum, 
Mycobacterium neoaurum, Mycobacterium houstonense, etc.

Mycobacterium rhodesiae is an exceptionally uncommon species 
of NTM and only one relevant literature of extrapulmonary infection 
has reported its ability to induce peritonitis in patients with continuous 
ambulatory peritoneal dialysis (4). The peritonitis of the patient was 
cured by administering ciprofloxacin and clarithromycin for 3 months. 
Based on our knowledge, the present case is the first reported case of 
intracranial infection caused by Mycobacterium rhodesia in literature. 
In this case, the patient who had a prior lung infection, the risk of 
developing an intracranial infection was higher as compared to the 
individuals without such a history. The probable source of infection 
was speculated to be  the hematogenous dissemination from the 
pulmonary infectious foci. Furthermore, the breakdown of the blood–
brain barrier following cerebral infarction had increased the risk of 
intracranial infection. Although the patient had continuous peritoneal 
dialysis, he did not exhibit abnormal abdominal symptoms, despite 
the risk of the presence of mycobacterium in dialysate fluid. 
Furthermore, the multiple peritoneal dialysis tests were within the 
normal range. The diabetes and the immunosuppression due to 
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FIGURE 1

Head MRI and enhanced CT after admission (A,B) T2WI showed expansion of white matter hyperintensity with mixed signals inside. (C) Susceptibility 
weighted imaging (SWI) indicated microbleeds at both new lesions and old infarctions. (D,E) Hypodensity lesions in head CT scan and rim-like or 
nodule-like enhancement inside the lesion in enhanced CT. (F) Head MRI 18 months later showed that the extent of lesion had regressed significantly.

FIGURE 2

Chest CT scan on admission indicated diffused miliary nodules in bilateral lungs.
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prednisone use, could have been the triggering factors for the 
opportunistic infection in the patient. Furthermore, working as a 
sanitation worker also increased the risk of infection.

Identifying the nature of the patient’s intracranial lesions was a 
major challenge during his hospitalization. Our patient was a 41-year-
old man exhibiting signs of focal neurologic defects. The patient did 
not have a fever, headache, or any manifestations of increased 
intracranial pressure on admission. In addition to the patients’ 
history of stroke in recent months and unusual imaging features, 
PACNS and hCSVD as well as the tumor should be differentiated. The 
brain imaging showed patchy white matter lesions as well as 
rim-enhancing lesions, which could mimic brain imaging of PACNS 
(18) and the retinal vasculopathy with cerebral leukoencephalopathy 
and systemic manifestations (RVCL-S, a special type of hCSVD) (19, 
20). Hedderich et al. revealed that the periventricular patchy white 
matter lesions in the frontal lobes and the rim-enhancing lesions with 
prolonged diffusion restriction and long-lasting contrast 
enhancement were characteristic imaging findings in RVCL-S and 
could be helpful in the differential diagnosis (19). Furthermore, the 
patient also had retinopathy and renal injury. Therefore, RVCL-S 
needed to be differentiated. However, the patient had no relevant 
family history. The renal injury in patient was due to tubulointerstitial 
nephritis rather than vascular nephropathy, and his genetic test did 
not support hCSVD. As for PACNS, it could not be clearly diagnosed 
without biopsy or exclusion of other possible diseases. Intracranial 
infection may also cause some infectious vasculitis that resembles 
PACNS. It was speculated that the patient’s cerebral infarction could 
be due to diabetic small artery occlusion. The presence of retinopathy, 
on fundoscopic examination, and the tubulointerstitial nephritis both 
possibly due to diabetes further supported this diagnosis. Besides, the 
brain tumor should also be  differentiated for the patient had 
abnormal contrast enhancement for these foci and his MRS showed 
increased Cho peak, with presence of lactate and lipid peaks. 
However, his CSF results and therapeutic response excluded 
this diagnosis.

To date, diagnosing CNS NTM infection still poses a big challenge 
for clinical practice because of its rare occurrence due to its rarity and 
there may be some possibility of atypical manifestations. The rarity of 
Mycobacterium rhodesiae as an etiological agent might also be due to 
the limitation of detection technology and limited clinical awareness. 
However, with the improvement of detection technology, NGS has 
greatly helped the diagnosis of Mycobacterium rhodesiae infection. 
Therefore, we reviewed the literature that reported intracranial NTM 
infection with detailed clinical data published from 1993 to 2023 and 
summarized the features of the diseases including the susceptible 
population, clinical characteristics, imaging findings, treatment 
effects, etc.

In our review of the literature, cases span from the 1960s to the 
present. By the end of December 2023, there were 114 cases of 
intracranial NTM infection reported or summarized in the literature 
(5, 6, 8–16, 21–27). Antonia Flor et  al. reported two cases and 
identified 50 cases of NTM meningitis in the English-language 
literature before 1994 (8). Among these cases, limited clinical 
information was available. The case reports over the past 20 years 
provided us with more detailed clinical data.

NTM species that are known to cause CNS infections can 
be categorized into two primary groups based on their growth rate: 

slow-growing mycobacteria (SGM) and rapid-growing 
mycobacteria (RGM). For a more detailed classification, these 
species can be  further subdivided into four categories. These 
include photochromogens (SGM), scotochromogens (SGM), 
nonphotochromogens (SGM), and RGM, distinguished by their 
growth rate, morphology, and pigmentation changes in the 
presence of light. This classification system was initially established 
by Runyon, offering a comprehensive framework for understanding 
NTM species in the context of CNS infections (2). Out of the 114 
cases, 39 were caused by Mycobacterium avium complex, 24 by 
Mycobacterium fortuitum group, 18 by Mycobacterium abscessus, 7 
by Mycobacterium haemophilum, 6 by Mycobacterium massiliense, 
4 by Mycobacterium kansasii, 4 by Mycobacterium mucogenicum, 4 
by Mycobacterium chelonae, and 3 by Mycobacterium goodii. The 
rare cases included one infection each of Mycobacterium neoaurum, 
Mycobacterium houstonense, Mycobacterium bolletii, 
Mycobacterium immunogenum, and Mycobacterium rhodesiae 
(our case).

The age distribution of patients was from 9 months to 97 years, 
and the disease can occur in all ages. The ratio of male to female 
patients was approximately 1.6:1. Approximately 30% of these cases 
had the underlying condition of HIV infection. Eight patients were 
on long-term glucocorticoid therapy, which might have intensified 
their immunosuppressed condition. The other common procedure 
that may induce intracranial NTM infection is neurosurgical 
hardware implantation, especially ventriculoperitoneal shunt, and 
lumbar peritoneal shunt (6, 13–15, 21, 24, 28). The other surgeries 
include ocular prosthesis implantation (5), aortic valve replacement 
(29), and cranioplasty (16). It was uncertain whether performing 
lumbar puncture in immunosuppressed patients could lead to 
intracranial NTM infection (12). Among the 114 cases, the most 
common species related to neurosurgical hardware implantation was 
the Mycobacterium fortuitum group, and patients with intracranial 
infection caused by Mycobacterium haemophilum were all combined 
with AIDS.

The clinical manifestations of these patients varied. In the normal 
conditions, the patients would exhibit infectious meningitis or 
meningoencephalitis, including fever, headache, dizziness, nausea, 
vomiting, and neck stiffness. A few patients exhibited behavioral 
disorder, decrease in vision, hemiplegia, epilepsy, and change in 
mental status. However, a small number of patients may have atypical 
clinical symptoms like progressive cognitive impairment or 
subcutaneous abscess (15, 22, 24, 30), whereas some patients can have 
no signs of infection and even be asymptomatic (16).

CSF findings were not reported in all case reports. However, 
from among those cases that provided CSF results, the values varied 
significantly. Patients may have normal intracranial pressure. They 
usually had a mild to moderate elevated white cell count, low glucose 
level, and a high protein level. However, not every patient can have 
such a typical cerebrospinal fluid that may indicate CNS infection. 
In some patients, the cerebrospinal fluid may be completely normal. 
From cases and literature review, white cell count ranged from 0 to 
3,025 × 106 (cells/L), lymphocytes in predominant. However, 
Mycobacterium abscessus and Mycobacterium fortuitum infection can 
cause CSF polymorphonuclear leucocytes increased predominantly. 
The glucose level in CSF can be normal or decreased compared to 
serum glucose. The protein level ranged from 0.33 to 3.9 g/L. The 
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positive rate for acid-fast bacterial smear in CSF did not exceed 30%. 
However, for those patients who had negative results of acid-fast 
bacterial smear, acid-fast bacterial culture may be positive.

With the improvement of detection methods, the application of 
NGS increases the detection rate of intracranial NTM infection and 
helps clinical diagnosis. Although NTM detection in some samples 
may result from contamination, identifying NTM in sterile fluids like 
CSF is critical (5). This finding should be taken into consideration, 
particularly when a patient is suspected of having NTM infection at 
other sites, or when there is no evidence of the presence of 
other pathogens.

The primary symptoms of patients affected by NTM infection 
in CNS are predominantly meningitis and meningoencephalitis, 
with ventriculitis also being reported. The rarely reported lesions 
include arteritis (30), cerebral thrombophlebitis (31), optic tract (9), 
and spinal cord (25). To date, no fixed or summarized description 
of brain imaging for NTM infection of the central nervous system 
is available. From among the cases that we reviewed, some articles 
provided detailed description of brain or spinal cord imaging (5, 6, 
9–11, 16, 24–26). Most of the lesions showed T2 hyperintensity with 
enhancement in T1 postcontrast imaging. They can be multifocal 
patchy white matter lesions, or nodular masses, or rim-like lesions, 
which may be similar to the images of tuberculosis infection (17, 
32). Some lesions can mimic cerebrovascular disease or tumors with 
mild edema (26). The CT scan may present as iso-density or 
low-density lesions in white matter, and with contrast, there can 
be ring enhancement similar to the MRI findings. For ventriculitis, 
both the MRI and CT scans can have significant ring-enhancing or 
high-density lesions along the ventricles. For our case, we  also 
consulted infectiologists and radiologists for accurate diagnosis. 
Therefore, we  speculated that multifocal nodular or rim-like 
enhancement lesions with patchy white matter and T2 
hyperintensity could be certain specific imaging presentations of 
NTM infectious encephalitis.

Patients with intracranial NTM infection may also have 
concomitant NTM foci in other systems, which might contribute to 
the final diagnosis of CNS infection. The extra-CNS lesions mainly 
occur in the soft tissue of unhealing wounds or around the surgical 
hardware, and the abdomen (6, 13, 15, 21, 24, 28), the other places 
include the pulmonary system, endocardium liver, and bone marrow 
(15, 16, 29, 31, 33).

Treating CNS infections caused by NTM is extremely 
challenging, given the scarcity of literature and lack of robust 
research evidence. The treatment of NTM is mostly based on 
observational studies, as there are no comprehensive clinical trials 
in this area (1). Furthermore, there are no studies on the efficacy of 
different antibiotics for different subspecies of NTM. However, one 
of the important principles in managing CNS infection caused by 
NTM is identification of the source of infection, adequate drainage 
of abscesses, and removal of foreign material (5). In serious 
infections, initial treatment typically involves two or three drugs 
followed by a prolonged course of oral medication, especially for 
immunosuppressed patients or those with a persistent infection 
focus (5). Clarithromycin, azithromycin, rifabutin, ethambutol, 
amikacin, or streptomycin and levofloxacin or moxifloxacin can 
be  used (34). In addition to these drugs, clarithromycin and 
azithromycin, macrolides with moderate blood–brain barrier 
penetration have better suitability for patients with renal 

impairment due to liver metabolism. Rifabutin offers effective 
blood–brain barrier penetration but necessitates caution in renal 
dysfunction. Ethambutol, with limited penetration, requires careful 
use in renal impairment. Aminoglycosides, such as amikacin and 
streptomycin, present higher risks for renal-impaired patients due 
to low penetration and renal excretion. Levofloxacin and 
moxifloxacin, the fluoroquinolones, effectively cross the blood–
brain barrier, but levofloxacin requires renal adjustment as it is not 
completely excreted by the kidneys. Minocycline has a relatively 
high penetration into the central nervous system. This characteristic 
has made it an area of interest in the treatment of various 
neurological conditions and diseases, as it allows the drug to exert 
its effects within the brain tissue. A newer agent, linezolid, was 
reported to have excellent activity against NTM with excellent 
penetration into the CNS and can be given orally (35, 36). Our 
patient, who had renal failure, was treated with a combination of 
linezolid, clarithromycin, and minocycline for 3 months, resulting 
in a favorable outcome.

Intracranial NTM infection has a high mortality rate. The total 
mortality rate is up to 38%. However, the outcomes can vary 
depending on the species, suggesting differences in the pathogenic 
power of these organisms. In general, patients with Mycobacterium 
fortuitum infection tend to have a lower death rate and may exhibit 
less drug resistance when compared to those with Mycobacterium 
abscessus (5). Previous literature also indicated that a high CSF protein 
level is a risk factor for poor outcomes (27). However, further 
exploration and data accumulation is required to know whether 
intracranial infection caused by Mycobacterium rhodesiae could have 
a better outcome and exhibit less drug resistance as compared to other 
species. For this patient who had renal failure, choices of treatment 
were limited and challenging. However, after a 2-year follow-up, the 
patient’s condition stabilized, which suggests that the combination of 
linezolid, clarithromycin, and minocycline could be a viable treatment 
strategy for intracranial NTM infection in patients with renal failure. 
However, it is important to note that the conclusions drawn from a 
single case should be approached with caution, and further research 
is needed to confirm the best therapeutic strategies and to evaluate the 
efficacy of existing anti-mycobacterial drugs against Mycobacterium 
rhodesiae. Further research could focus on molecular techniques that 
can rapidly and accurately detect this bacterium, saving more time for 
accurate diagnosis and prompt treatment.

Conclusion

There are many species of NTMs and the nomenclature of 
different species is constantly updated with advances in microbiology 
research. It is important to recognize that once NTM is detected, 
especially in sterile fluids such as cerebrospinal fluid, it needs to 
be  considered with caution. The intracranial NTM infection can 
present as a sudden onset of focal defect of the nervous system without 
fever or headache. The contrast-enhanced MRI or CT scans may 
reveal multifocal patchy white matter lesions, with nodular or rim-like 
enhanced lesions. This is the first case of encephalitis caused by 
Mycobacterium rhodesiae in literature. It is important to note that the 
definitive diagnosis of NTM encephalitis often relies on a combination 
of clinical presentation, imaging features, microbiological 
confirmation, and exclusion of other diagnoses. Due to the variability 
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in presentation and imaging, a high index of doubt is necessary, 
particularly in patients with risk factors such as immunosuppression. 
Th clinicians should always consider NTM as a potential cause of CNS 
infections, particularly when the patient is not responding to standard 
treatments and in the regions where NTM is more common.
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