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Mycobacterium Tuberculous (MTb) meningitis is a rare manifestation of extrapulmonary tuberculosis (Tb) but
remains the most common form of Central Nervous System (CNS) manifestation of tuberculosis. It is associated
with significant morbidity and mortality yet difficult to diagnose given the low sensitivity and specificity of
diagnostic testing with cerebral spinal fluid (CSF) analysis which typically shows CSF findings of lymphocytic

pleocytosis, elevated protein, and low glucose and is confirmed by acid fast bacillus (AFB) culture. Here, we
describe a case of severe meningoencephalopathy in the setting of disseminated tuberculosis with atypical
radiological findings of tuberculoma.

Introduction

MTb meningoencephalitis is a form of CNS infection that results from
dissemination of Mycobacterium tuberculosis, which is a slow-growing
aerobic, non-spore forming acid-fast bacillus with a slow doubling
time, into the CSF and meninges. According to the World Health Orga-
nization, roughly 10 million new cases of Tuberculosis occur each year
with estimates of at least 100,000 individuals who develop MTb men-
ingitis annually [1]. Patients are primarily treated with Rifampin,
Isoniazid, Pyrazinamide, and Ethambutol, however despite treatment,
mortality and morbidity remain high. In addition, diagnosis of MTb
meningitis relies on prompt recognition of characteristic clinical signs
and symptoms in combination with neuroimaging and CSF analysis.
Acid fast bacilli culture remains widely utilized as a diagnostic and
confirmatory tool for MTb meningitis, however it is limited due to its
low sensitivity and slow turnaround times.

Case presentation

A 67-year-old Haitian male HIV-negative New York City taxi driver
with a past medical history of hypertension, hyperlipidemia, Parkin-
son’s Disease, and Type 2 Diabetes Mellitus and without recent travel
history presented with four days of sudden gait ataxia associated with

intermittent fevers for same duration and without any respiratory
symptoms. He was initially treated at an outside facility with Vanco-
mycin and Ceftriaxone for two days but left against medical advice.
While there, the patient had a computerized axial tomography (CT) scan
of the head which noted a 1.5 cm hypodense left frontal lobe focus with
adjacent multiple subcentimeter hyperdensities and a CT chest which
noted bilateral pulmonary tree-in-bud densities and a 1.6 cm enhancing
liver lesion. On admission, the patient was tachycardic and hypertensive
without leukocytosis. Physical exam was revealing for inability to walk
in a straight line, lateral-veering posture, and imbalance. Chest x-ray
showed pulmonary vascular congestion and CT head with intravenous
contrast (IV) was significant for a 2 cm left parasagittal frontal lobe
lesion (Fig. 1) suspicious for an abscess. The patient was empirically
started with Vancomycin and Cefepime. Subsequent lumbar puncture
(Table 1) showed albuminocytological dissociation with monocytes and
lymphocytes on cytology but without malignancy. CSF culture with
Gram stain, AFB smear and culture, Herpes Simplex Virus DNA PCR,
MRSA nares, serum Toxoplasma gondii DNA PCR, and Treponema
antibody were also negative. Additionally, QuantiFERON testing was
indeterminate. Further studies with magnetic resonance imaging (MRI)
of the brain with and without IV contrast showed subfalcine and
supracallosal diffuse enhancements suggestive of leptomeningeal dis-
ease (Fig. 2A) with multiple lobulated foci within the arachnoid spaces
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Fig. 1. CT head with IV contrast shows a peripherally enhancing lesion in the
left parasagittal frontal lobe measuring 2 x 2x2 cm.

Table 1
CSF Studies Results.
Day 1 Day 4 Day 14 Day 39

Glucose (mg/dL) 60 57 63 45
Total Protein (mg/dL) 145 156 96 75
Color Colorless Colorless Colorless Colorless
Appearance Clear Clear Clear Clear
WBC (cells/pL) 0 105 76 9
RBC (cells/pL) 20 50 0 20
Neutrophils (%) 0 62 33
Lymphocytes (%) 0 26 65 15
Monocytes (%) 0 12 2 0
Eosinophils (%) 0 0 0 0
Total Cell Count 0 100 100 16

consistent with an arachnoid space empyema and multiple focal cortical
gray matter abscesses (Fig. 2B), while CT chest, abdomen, and pelvis
with IV contrast (Fig. 3) showed bilateral pulmonary patchy ground
glass opacities, a large hepatic hyperdensity, bilateral renal cortical
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cysts, and retroperitoneal lymphadenopathy.

The patient had continued clinical deterioration with worsening
mental status and intermittent fevers. Antibiotic therapy was broadened
to Meropenem. Despite broadening of antibiotics, mental status
continued to decline and empirical therapy with Rifampin, Isoniazid,
Pyrazinamide, and Ethambutol (RIPE) was initiated along with steroids
for high suspicion of disseminated Tb with presumed MTb meningoen-
cephalitis. Additionally, Bactrim was added for concern over Nocardia
and Acyclovir for possible underlying HSV. Repeat lumbar puncture on
day 4 was significant for elevated protein and WBC count (62% neu-
trophils, 26% lymphocytes, 12% monocytes) with lymphocytes and
neutrophils on cytology but without malignancy (Table 1). Further
testing including CSF culture with Gram stain, fungal culture, Crypto-
coccus antigen, India ink preparation, HSV DNA PCR, BK/JC virus DNA
PCR, AFB smear and culture, MTb complex DNA, serum Toxoplasma,
HSV, HTLV, P. Jerovicii (PJP), EBV DNA RT-PCR, Parvovirus B19 an-
tibodies, VZV DNA RT-PCR, urine C. trachomatis and N. gonorrhoeae,
and histoplasma urine antigen were all unremarkable. Additional
QuantiFERON was again indeterminate. However, CSF adenosine
deaminase (ADA) levels were elevated.

On day 10 of admission, the patient showed improvement in mental
status while on RIPE therapy. Subsequent bronchoscopy was performed
with grossly unremarkable bronchoalveolar lavage (BAL). Repeat MRI
brain showed no changes from prior. Additional lumbar punctures on
day 14 and day 39 (Table 1) continued to show elevated protein and
WBC count, but downtrending and normalizing from prior studies. On
day 42 of admission, MRI brain showed reduction of the enhancing le-
sions (Fig. 4) following treatment for intracranial Tb and chest x-ray no
longer showed any consolidation. The patient was subsequently dis-
charged to acute rehabilitation and outpatient follow up.

Two months after the patient’s bronchoscopy was performed, as
above, AFB smear from BAL culture (incubated in broth) was positive
with pan-sensitive susceptibility. Overall, the patient was treated with
RIPE therapy for a total of two months while hospitalized and
throughout both admissions. The patient was additionally followed up
at his outpatient visits showing improvement in mentation and orien-
tation and after 121 days of RIPE therapy, he was switched to Rifampin
and Isoniazid alone, which he remained on for a total of 244 days. He
was treated for MTb meningitis for a total of 12 months.

Discussion

This case is an atypical case of disseminated MTb that was compli-
cated by CNS disease manifesting with meningoencephalitis and
tuberculoma, which proved challenging to diagnose due to uncharac-
teristic diagnostic test results. Before pursuing invasive procedures in

Fig. 2. MRI brain with and without IV contrast shows leptomeningeal disease in the subfalcine and arachnoid spaces extending into the cingulate sulci and
supracallosal arachnoid spaces (2A) and multiple lobulated foci within the arachnoid spaces and surrounding cortical tissues consistent with an arachnoid space

empyema and multiple focal cortical gray matter abscesses (2B).
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Fig. 3. CT chest, abdomen, and pelvis with IV contrast shows bilateral patchy ground-glass opacities, a large area of ill-defined hyperdensity in the right lobe of the

liver, bilateral renal cortical cysts, and retroperitoneal lymphadenopathy.

Fig. 4. MRI brain with and without IV contrast shows interval changes with improvement of the enhancing abnormalities.

patients suspected with MTb meningitis, imaging should first be utilized.
Abnormalities on chest radiograph typically include focal cavitary le-
sions (10%), parenchymal infiltration (48%), miliary patterns (34%),
and centrilobular nodules (8%) as noted in one study with 73 cases [2].
In our patient, however, chest imaging showed pulmonary congestion
and ground glass opacities. On neuroimaging, classic findings of basilar

meningeal enhancements especially with the presence of hydrocephalus
is suggestive of MTb meningitis. Other findings include basal meningitis,
ischemia or infarct, and tuberculoma [2,3]. Although our patient did not
present with hydrocephalus, marked enhancement was noted in the
frontal lobe. This prompted us to perform a lumbar puncture for CSF
analysis. In patients suspected with MTb meningitis, definitive diagnosis
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is typically made with CSF analysis involving positive smear for AFB,
positive culture for M. tuberculosis, or positive on nucleic acid ampli-
fication test (NAAT). However, diagnosis is still difficult as AFB smears
are only 20-40% sensitive with one study showing 37% sensitivity in a
population of 52 patients [4,5]. In addition, patients with confirmed
postmortem M. tuberculosis diagnoses have been found with negative
smear for AFB on CSF analysis. Along with low sensitivity, these tests
can take some time to result. In our patient, given poor response to
empiric broad spectrum antibiotics and continued worsening mental
status, treatment with RIPE therapy was initiated with relevant clinical
and presumed epidemiological information given the estimated inci-
dence of Tb (168 in 100,000 individuals) from the patient’s country of
origin [6]. It should be noted that M. tuberculosis culture has suboptimal
sensitivity at < 50%. On the other hand, NAAT has a higher sensitivity
and specificity at 82% and 99%, respectively, but should ideally be used
with a combination of both smear and culture, not as a substitute given
variable prevalence throughout endemic regions [3,5]. Typically, CSF
findings of MTb cases include WBC around 100-500 cells/uL with
lymphocytic pleocytosis, elevated protein typically 100-500 mg/dL,
and reduced glucose concentration often < 45 mg/dL. In addition,
earlier in the course of disease, a neutrophilic predominance may
instead be observed. Our patient displayed lymphocytes, as well as
neutrophils on initial CSF analysis and during the early course of his
disease. ADA levels can also be measured but should only be used as an
adjunctive test for diagnosis of MTb meningitis as elevations in CSF ADA
can be seen in the setting of meningitis from bacterial infections or
neurobrucellosis. One study showed CSF ADA with a sensitivity of
75-94% and a specificity of 86-97% [7]. This can be a very useful test
especially in endemic regions. However, the test results become
non-specific for diagnosis of MTb meningitis in patients with concurrent
HIV infection [7]. Furthermore, some studies even showed no distinc-
tion between MTb meningitis and bacterial meningitis by ADA alone
[4]. Thus, when suspecting MTb meningitis, it is important to not only
use a combination of biochemical analyses but also varying imaging
modalities to rule in or out MTb meningitis. At the same time, one must
rule out other infectious etiologies including HIV, toxoplasmosis, hep-
atitis, PCP, or other bacterial, viral or fungal infections.

Conclusions

MTb meningitis is typically diagnosed on CSF analysis with charac-
teristic findings of lymphocytic pleocytosis, elevated protein, and
decreased glucose. However, current diagnostic laboratory testing has
suboptimal sensitivity and a lag-time to finalize results. Additionally,
chest radiograph abnormalities may be seen in approximately half of
those with CNS tuberculosis and typically range from focal consolida-
tions to reactive upper lobe infiltrations to a disseminated-type miliary
pattern. Similarly, CT chest findings of pulmonary Tb may reveal char-
acteristic homogeneously dense centrilobular nodules or micronodular
miliary lesions. If suspecting MTb meningitis, MRI brain may be war-
ranted whereby classic findings include hydrocephalus, basilar menin-
geal enhancement, periventricular infarction, and less commonly
tuberculomas or radiculomyelopathy. Typical findings of tuberculomas
on imaging represent discrete single or multiple, ring-enhancing lesions
with surrounding vasogenic edema. At times, however, as in our case,
chest radiographs may show nonspecific findings that are less indicative
of tuberculosis. It is recommended to start treatment with RIPE therapy
while results are pending given the length in turnaround time if there is a
high index of suspicion for MTb meningitis with clinical presentation
despite atypical findings on cell count, cytology, and imaging.
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