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Two Rapidly Growing Mycobacterial Species Isolated from a Brain
Abscess: First Whole-Genome Sequences of Mycobacterium
immunogenum and Mycobacterium llatzerense

Alexander L. Greninger,a,b Charles Langelier,c Gail Cunningham,a Chris Keh,c Michael Melgar,d Charles Y. Chiu,a,b,c Steve Millera,b

Department of Laboratory Medicine, University of California, San Francisco, California, USAa; UCSF-Abbott Viral Diagnostics and Discovery Center, San Francisco, California,
USAb; Department of Medicine, Division of Infectious Diseases, University of California, San Francisco, California, USAc; Department of Internal Medicine, University of
California San Francisco, San Francisco, California, USAd

Rapidly growing mycobacteria are rarely found in central nervous system infections. We describe a case of polymicrobial infec-
tion in a brain abscess including two rapidly growing Mycobacterium species, M. immunogenum and M. llatzerense. The Myco-
bacterium isolates were distinguishable by molecular methods, and whole-genome sequencing showed <60% pairwise nucleo-
tide identity.

CASE REPORT

A40-year-old woman with a past medical history notable for
migraines and frequent childhood sinopulmonary infections

presented with 7 days of unremitting right frontal headache and 2
days of night sweats, chills, vomiting, left-sided vision loss, and
right leg numbness. Unlike her prior migraines, this headache was
more intense and not relieved by rest in a dark room; it was also
associated with visual impairments and sensation abnormalities.
Throughout childhood, the patient had suffered from recurrent
upper and lower respiratory tract infections, for which she had
received frequent antibiotics, chest percussion, and sinus irriga-
tion using a neti pot with unfiltered, unsterilized tap water. As an
adult, the frequency of her respiratory infections decreased to ap-
proximately annually, with her last one being 4 months prior to
admission. The patient was born and raised in rural Pennsylvania
and had regularly consumed unpasteurized milk and drunk well
water. In the preceding months, the patient had swum in a river in
northern California and traveled to France, where she had con-
sumed various soft cheeses.

Upon presentation, the patient was moderately distressed but
alert and oriented to person, place, and time. She had a tempera-
ture of 37°C, a heart rate of 51 beats per minute, a blood pressure
of 122/66 mm Hg, a respiratory rate of 12 breaths per minute, and
an oxygen saturation of 100% on room air. Her physical exam was
remarkable for a left lower homonymous quandrantanopia and
reduced sensation to light touch on her right lower leg. She had
symmetric facial musculature, a clear oropharynx, no paranasal or
frontal sinus tenderness, and no neck stiffness. Her lungs were
clear to auscultation bilaterally, cardiac exam demonstrated sinus
rhythm with a soft systolic murmur, musculoskeletal strength and
reflexes were within normal limits, and there were no skin lesions.
A complete blood count was notable for a white blood cell count
of 11.3 � 109/liter (90% neutrophils), hemoglobin at 11.2 g/dl,
and a platelet count of 287 � 109/liter. The C-reactive protein level
was 7.4 mg/liter, and an erythrocyte sedimentation rate was 30
mm/h. T1-weighted magnetic resonance imaging (MRI) of the
brain demonstrated a 3.7-cm by 2.8-cm by 3.0-cm rim-enhancing
lesion in the right parietal/occipital lobe, with restricted diffusion
upon diffusion-weighted MRI (Fig. 1). The patient underwent

emergent craniotomy and drainage of pressurized purulent fluid
contained within the cavity.

Gram staining demonstrated Gram-positive cocci and Gram-
positive rods, and the patient was started on empirical antibiotic
therapy with vancomycin, metronidazole, and ceftriaxone. No ac-
id-fast bacilli or fungal organisms were visible on direct stains.
Bacterial cultures were positive for Streptococcus anginosus group
and Peptostreptococcus. A transthoracic echocardiogram was neg-
ative for valvular disease or a patent foramen ovale. Serum HIV
antibody (Ab) and antigen (Ag), cryptococcal Ag, Toxoplasma IgG
and IgM Ab, and Coccidioides IgG and IgM Ab assays were all
negative. Blood and urine cultures were negative, and the results
of two QuantiFERON-TB Gold assays were indeterminate. As all
identified bacteria were susceptible to beta-lactam antibiotics, the
patient’s antimicrobial regimen was narrowed to ceftriaxone (2 g
once daily). The patient was continued on ceftriaxone therapy,
with a stable visual field defect, resolved headache and sensory
changes, and a collapsed abscess cavity on imaging at 5 weeks
postprocedure.

On postoperative day 11, the growth of a few colonies was
noted on the Middlebrook 7H11 agar inoculated with abscess ma-
terial, and on postoperative day 13, the BacT/Alert MP mycobac-
terial broth culture bottle turned positive. Kinyoun stains from
both culture medium isolates were positive for acid-fast bacilli,
and within 3 days subcultures showed visible colonies with iden-
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tical morphologies on Lowenstein-Jensen (LJ) and 7H11 media.
Mycobacterial DNA probes performed on the isolates were nega-
tive for Mycobacterium tuberculosis. Sequencing of the 7H11 iso-
late rpoB gene at the National Jewish health laboratory in Denver,
CO, showed identification as Mycobacterium llatzerense, but in-
house 16S rRNA gene sequencing analysis from the broth culture
isolate was consistent with Mycobacterium immunogenum. To re-
solve this discrepancy, repeat isolation was performed from the
two media, with partial sequencing of the 16S rRNA gene using
specific V1-V3 PCR primers (1). This showed 100% identity to
Mycobacterium immunogenum DSM 45595T with the broth me-
dium isolate. The 7H11 isolate 16S rRNA PCR product had 100%
identity to a number of uncultured bacterial sequences from
treated drinking water biofilms present in GenBank (2) as well as
to a previously described clinical M. llatzerense isolate (3). It also
showed identity in 420/421 bp (99.8%) to Mycobacterium llatze-
rense MG13T and in 437/439 bp (99.5%) to Mycobacterium auba-
gnense U8T. Because mycobacterial 16S rRNA sequences from dif-
ferent species can have very high sequence similarity, additional
analysis was needed to confirm species identification (4).

As no reference genomes were available for either of these spe-
cies and to ensure correct identification of the putative M. llatze-
rense isolate, we performed shotgun next-generation sequencing
(NGS) to assemble and recover draft genome sequences. Genomic
DNA was isolated from LJ slants swabbed with subcloned isolates
using the Qiagen EZ1 DNA tissue kit. One nanogram of genomic
DNA was used as input into the Nextera DNA sample preparation
kit (Illumina, San Diego, CA) according to the manufacturer’s
protocol, except that reagent volumes were cut in half. NGS librar-
ies were sequenced using an Illumina MiSeq 2- by 80-bp se-
quencer (M. immunogenum) or a HiSeq2500 2- by 250-bp se-
quencer (M. llatzerense). Raw reads were filtered for a quality score
of �30, and adapters were trimmed using cutadapt (5). Paired-
end reads were then assembled using SPAdes v3.1.1 at default
parameters (6). Genome annotation was performed with Prokka
v1.10 (7).

The full-length rpoB and 16S rRNA sequences from the two
genomes confirmed the prior identification of the M. immunoge-
num isolate based on partial rpoB and 16S rRNA sequencing and
indicated that the second isolate was indeed M. llatzerense (Fig. 2).
Since there were no full-length rpoB sequences available for M.
llatzerense, we performed phylogenetic analysis using partial se-
quences from 4 conserved loci (recA, the 16S to 23S rRNA gene

internal transcribed spacer [ITS], hsp65, and rpoB) and found our
isolate to cluster with other M. llatzerense strains, confirming its
identification (see Fig. S1 in the supplemental material). The mi-
nor sequence variations seen in these loci between different M.
llatzerense strains are likely due to geographical variation of this
species. The Mycobacterium llatzerense genome assembly yielded
6,091,591 bp in 103 contiguous sequences (contigs) for an N50
contig length of 114,066 bp with 5,939 genes and 5,879 coding
DNA sequences (CDS) present. The Mycobacterium immunoge-
num genome assembly yielded 5,566,719 bp in 102 contigs for an
N50 contig length of 161,477 bp with 5,562 genes and 5,497 CDS
present. Across aligned regions with �5 kb of synteny, the two
genomes demonstrated an average nucleotide identity of approx-
imately 60%. An all-by-all blastp search of annotated proteins
with matching best hits (two-way method) revealed an average
two-way amino acid identity of 65.3% across 2,769 proteins
shared between the two new Mycobacterium proteomes (8).

The whole genome that matched M. llatzerense most closely in
the NCBI database was M. chubuense NBB4 (GenBank accession
number CP003053), with an average nucleotide identity of 81.8%
and average amino acid identity of 71.6% across a core 2,932 pro-
teins. The whole genome that matched M. immunogenum most
closely was Mycobacterium abscessus subsp. bolletii strain 103
(GenBank accession number JAOK01000000), with an average
nucleotide identity of 87.9% and average amino acid identity of
91.0% across 3,987 shared proteins. Both strains contained beta-
glucosidase but not alpha-glucosidase genes and a katG catalase
gene without associated isoniazid resistance changes (9). M. llatze-
rense contained a blaF beta-lactamase gene, while M. immunoge-
num had a carbapenem-hydrolyzing Klebsiella pneumoniae car-
bapenemase (KPC) beta-lactamase precursor protein that is
common to the M. abscessus group (10).

Rapidly growing mycobacteria are very rarely reported from
neurological infections and brain abscesses (11). A review from
2008 found 19 cases of central nervous system (CNS) infections by
these organisms, of which only two cases had predominantly brain
abscesses (12). Most patients presented with chronic meningitis,
and the majority had a primary source with secondary dissemina-
tion to the CNS. Mycobacterial brain abscesses are commonly
seen in patients with underlying immunodeficiency syndromes.

FIG 1 (A and B) A T1-weighted MRI demonstrates a 3.0-cm by 3.7-cm by 2.8-cm rim-enhancing lesion within the right parietal lobe. (C) A diffusion-weighted
MRI demonstrates a bright signal within the abscess, indicating restricted diffusion.
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We considered this possibility in the current case, especially given
the patient’s history of recurrent childhood respiratory infections.
However, a preliminary evaluation for immunodeficiency has
thus far been negative, as the patient has normal T lymphocyte
levels and activation and normal levels of IgA, IgM, IgE, and IgG
subclasses. The patient’s subacute course was characterized by
headache and visual changes, her history of sinopulmonary infec-
tions, and the fact that the coisolated bacterial species are common
constituents of both upper airway and oropharyngeal flora, sug-
gesting an initial respiratory source of inoculation. Several rapidly
growing mycobacterial species, including M. llatzerense and M.
immunogenum, have been isolated from water sources, suggesting
potential water exposure to the mycobacterium species ultimately
isolated from the abscess (13–15). However, environmental cul-
tures were not available to investigate this possibility.

The majority of rapidly growing mycobacterial infections in
the CNS have been attributed to Mycobacterium fortuitum, M.
abscessus, and Mycobacterium mucogenicum (12). Besides being
associated with the Streptococcus anginosus group and Peptostrep-
tococcus, this case was associated with M. immunogenum and M.
llatzerense, two species which have not previously been associated
with CNS infections. M. immunogenum was first described in 2001
as a member of the M. abscessus-Mycobacterium chelonae group,
with unique susceptibility and genotypic characteristics (15). It
has most commonly been associated with cutaneous infections,
but respiratory, eye, and disseminated diseases have also been de-
scribed (16). Mycobacterium llatzerense was first described in 2008
as a contaminant of hemodialysis water and is most closely related
to M. aubagnense and M. mucogenicum (17). Subsequent case re-
ports have isolated M. llatzerense from an abdominal abscess and
infected lung in the setting of pneumonia (3, 18). It is unlikely that
our findings represent contamination, as M. llatzerense has not

been previously isolated in our laboratory and no other rapidly
growing mycobacteria were isolated in our laboratory during this
time frame.

As the isolates were phenotypically indistinguishable in our
laboratory, identification of mixed infection with two rapidly
growing mycobacterial species required molecular methods.
Initial results from rpoB and 16S rRNA gene sequencing of
separate isolates from two different media were discordant,
leading to further investigation, which revealed that there were
in fact two distinct RGM isolated from the brain abscess cul-
ture. The different initial growth characteristics seen here may
be related to medium formulation and/or temperature require-
ments. For example, some strains of M. llatzerense are reported
to grow only at 22°C and 30°C, while other strains can grow at
37°C (3, 17); in our laboratory, all mycobacterial media are incu-
bated at 36°C. This case underscores the possibility, as shown here,
that cultures containing rapidly growing mycobacteria may con-
sist of more than one species, potentially impacting the response
to therapy, and suggests one application of whole-genome se-
quencing in discriminating between mixed bacterial populations
in polymicrobial infections. Susceptibility testing of the M. immu-
nogenum isolate showed susceptibility to amikacin (MIC � 8 �g/
ml) and clarithromycin (MIC � 0.25 �g/ml) and resistance to
cefoxitin (MIC � 128 �g/ml), ciprofloxacin (MIC � 4 �g/ml),
doxycycline (MIC � 16 �g/ml), and trimethoprim-sulfame-
thoxazole (MIC � 4/76 �g/ml), interpreted using CLSI guidelines
for rapidly growing mycobacteria (19). Testing of the M. llatze-
rense isolate was not possible due to the absence of growth in
susceptibility medium, which may be related to the media used or
the temperature requirements of this isolate.

The clinical significance of detecting rapidly growing myco-
bacteria in brain abscesses is unclear. The patient has improved

FIG 2 Phylogenetic trees of Mycobacterium species based on the full-length rpoB gene (A) and 16S rRNA (B) sequences. Isolates sequenced in this study are
shown in bold.
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without receiving targeted therapy for these mycobacterial spe-
cies, and the presence of beta-lactamase and carbapenemase genes
in the M. llatzerense and M. immunogenum genomes, respectively,
suggest that the prescribed ceftriaxone was ineffective in treating
these organisms. Standard mycobacterial treatment regimens,
based primarily on results with M. abscessus, M. chelonae, and M.
fortuitum, often include amikacin, clarithromycin, and imipenem
(11). However, abscess drainage and treatment of the coinfecting
bacteria may have been sufficient to treat this infection despite the
presence of additional mycobacterial organisms (20). Recent
studies have also indicated that synergistic infectivity in polymi-
crobial populations may play an important role in the pathogen-
esis of brain abscesses, and it is possible that the mycobacterial
species may have contributed to brain abscess formation in this
patient (20, 21). The increasing availability of molecular methods,
such as whole-genome and metagenomic sequencing, to elucidate
the microbial composition of brain abscesses is likely to drive the
future development of optimal treatment strategies for these com-
plex polymicrobial infections (22, 23).

Nucleotide sequence accession numbers. Sequences have been
deposited in GenBank for M. llatzerense strain CLUC14
(JXST00000000) and M. immunogenum strain SMUC14
(JXUU00000000).
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