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Case Report 

A teenage girl with altered mental status and paraparesis 
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A B S T R A C T   

A teenage girl presented with fever and altered mental status. MRI showed diffuse leptomeningeal enhancement 
of the brain and spine. She was diagnosed by a positive cerebrospinal fluid (CSF) culture with tuberculous (TB) 
meningitis and was started on anti-TB medications and corticosteroids. Her mental status improved, but she was 
noted to have proximal weakness of the lower extremities. In the course of tapering corticosteroids at week 11 of 
anti-TB therapy, she became acutely confused and febrile. MRI demonstrated interval development of tuber-
culomas in the brain and a mass lesion in the thoracic spine causing cord compression. Given the clinical picture 
was suggestive of a paradoxical reaction, the dose of corticosteroids was increased. Infliximab was added when 
repeat MRI revealed enlargement of the mass lesion in the spine with worsening cord compression. She was 
successfully tapered off of corticosteroids. Over several months, the patient’s motor function recovered fully, and 
she returned to ambulating without assistance.   

The following case was presented as part of the Centers for Disease 
Control & Tuberculosis Centers of Excellence TB Expert Network: Un-
plugged! series. 

Dr. Ryo Miyakawa, pediatric infectious diseases fellow: A 16-year-old 
girl who had immigrated to the United States from Latin America as a 
young child presented to an emergency department (ED) with headache, 
myalgias, nausea, and vomiting for 1 day. She had no hypoxemia, and 
her chest radiograph was normal. She was diagnosed with coronavirus 
disease 2019 (COVID-19) based on polymerase chain reaction (PCR) and 
was discharged from the ED. She returned four weeks later with fever, 
shortness of breath, paresthesias in both feet, and inability to ambulate 
and was admitted to the hospital. Chest computed tomography (CT) 
revealed bilateral reticulonodular infiltrates. Brain magnetic resonance 
imaging (MRI) demonstrated supratentorial and posterior fossa lep-
tomeningeal enhancement along with three small contrast-enhancing 
foci in the parenchyma (Fig. 1). Spine MRI was normal. She was diag-
nosed with multi-inflammatory syndrome in children (MIS-C) and 
treated with high-dose corticosteroids and intravenous immunoglobulin 

(IVIG). 
She presented one week later with fever, altered mental status, and 

agitation. Physical examination, including neurologic examination, was 
normal. Initial lumbar puncture (LP) revealed a cerebrospinal fluid 
(CSF) neutrophilic pleocytosis with 215 white blood cells (WBC)/mm3, 
low glucose of 28 mg/dL, and elevated protein of 67 mg/dL (Table 1). A 
CSF meningitis/encephalitis multiplex PCR test was negative. Progres-
sive leptomeningeal enhancement was observed on repeat brain MRI. 
Bone marrow biopsy revealed hemophagocytosis, and a presumptive 
diagnosis of hemophagocytic lymphohistiocytosis with central nervous 
system involvement was made. She received anakinra, etoposide, repeat 
IVIG and high dose corticosteroids without improvement. 

On further history, her family reported she was healthy prior to 
presentation. She had been ruled out for tuberculosis (TB) disease and 
diagnosed with latent tuberculosis infection (LTBI) as part of an immi-
gration health screening. She completed approximately 2 months of the 
prescribed 6-month course of isoniazid. 

Upon transfer to our facility, ophthalmologic examination revealed 
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bilateral chorioretinal lesions. Laboratory tests were notable for 
pancytopenia and mild transaminitis (alanine aminotransferase 29 IU/L, 
aspartate transferase 66 IU/L, total bilirubin 0.4 mg/dL). Repeat LP 
revealed an ongoing CSF neutrophil-predominant pleocytosis, persis-
tently low glucose of 31 mg/dL, and an increase in protein to 166 mg/dL 
compared with the initial LP (Table 1). Repeat chest CT continued to 
show diffuse reticulonodular infiltrates. 

Dr. Felicia Chow, neuro-infectious diseases specialist: Brain and spine 
MRI with and without contrast (Fig. 1) revealed multifocal nodular 
leptomeningeal enhancement including of the posterior fossa, multiple 
cranial nerves (e.g., II/VII/VIII), the optic chiasm, and left Sylvian 
fissure. Major arteries of the anterior and posterior circulations were 
patent, and there was no evidence of infarcts or intracranial hemor-
rhage. Diffuse leptomeningeal enhancement was present throughout the 
spine. 

Dr. Miyakawa: Due to the patient’s altered mental status, sputum 
could not be induced for microbiologic evaluation. A bronchoalveolar 
lavage (BAL) specimen was acid-fast bacilli (AFB) smear negative, but 
Mycobacterium tuberculosis complex without evidence of rifampin resis-
tance was detected by PCR. AFB cultures of the BAL specimen, gastric 
aspirates, and CSF were subsequently positive for M. tuberculosis 
complex. 

The sum of these findings was consistent with pulmonary TB and 
intracranial and intraspinal TB meningitis (TBM) with ocular involve-
ment. The patient was started on daily isoniazid 300 mg, rifampin 600 
mg, and pyrazinamide 2 g via nasogastric tube, along with intravenous 
(IV) amikacin 1 gm and dexamethasone 10 mg (0.13 mg/kg/day; 
equivalent to prednisone approximately 60 mg/day) in line with stan-
dard of care recommendations [1]. We added levofloxacin 750 mg IV 
daily after considering the risk of drug resistance. Local city and state 

Fig. 1. Brain and spine MRI obtained several weeks after initial presentation. Axial post-contrast T1-weighted images demonstrated supratentorial and posterior 
fossa leptomeningeal enhancement along with three small contrast-enhancing foci in the brain parenchyma four weeks after initial presentation (A). Multifocal 
nodular leptomeningeal enhancement was also seen involving the left Sylvian fissure (B), posterior fossa (C), and cervical spine (D) five weeks after initial 
presentation. 
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public health departments were contacted for further recommendations. 
Dr. Janice Louie, TB clinic director/infectious diseases specialist: We 

recommended changing rifampin to IV formulation and increasing the 
dose to 20 mg/kg/day. We also advised switching amikacin to linezolid 
600 mg IV daily for better penetration into the central nervous system 
(CNS) [2,3]. However, she did not tolerate linezolid due to worsening 
pancytopenia. We further recommended increasing dexamethasone to 
0.4 mg/kg/day, which has been shown to confer mortality benefit in 
TBM among those 15 years of age or older [4]. Of note, according to the 
updated pediatric recommendations available, many experts would 
include a fluoroquinolone in this initial regimen of TBM, regardless of 
concern for drug resistance [5]. 

Dr. Chow: Unlike the rapidly changing landscape in the treatment of 
pulmonary TB, little progress has been made in recent decades to 
improve the dismal outcomes associated with TBM. Multiple clinical 
trials are in progress evaluating both intensified anti-TB regimens that 
aim to enhance mycobacterial killing through better drug exposures in 
the CNS and adjunctive host-directed therapy targeting inflammation, 
which is a major driver of TBM-related morbidity and mortality. For 
example, several trials are investigating the use of high-dose rifampin in 
both adults and children with TBM [6–10], along with the utility of 
linezolid [7,9–11] and aspirin [7,8,12]. Even with new information from 
these trials on the horizon, a more flexible platform to efficiently test 
novel therapies for TBM has been proposed as a necessary way forward 
to truly change clinical practice and outcomes [13,14]. 

Dr. Chris Keh, state public health officer/infectious diseases specialist: 
Pyrazinamide was stopped after pyrosequencing identified the organism 
as Mycobacterium bovis and did not identify genetic mutations associated 
with resistance to rifampin, isoniazid, or fluoroquinolones. Phenotypic 
drug susceptibility testing later confirmed susceptibility to isoniazid and 
rifampin and resistance to pyrazinamide. 

Dr. Miyakawa: The patient was continued on three-drug therapy with 
isoniazid 300 mg PO daily, rifampin 20 mg/kg IV daily, and levofloxacin 
750 mg IV daily. A brain MRI in week 2 of anti-TB therapy revealed a 
subacute infarct in the right parietal lobe with mild irregularity and 
stenosis of the bilateral supraclinoid internal carotid, middle cerebral, 
and anterior cerebral arteries and developing hydrocephalus, along with 
marked interval worsening of diffuse leptomeningeal enhancement 
(Fig. 2). A ventriculoperitoneal shunt was placed, and aspirin 81 mg 
daily was started a few days post-operatively. CSF sampled at the time of 
shunt placement was markedly different compared with prior CSF 
samples obtained via LP (Table 1). Post-operatively, after the patient 
was extubated and her sedation was lifted, she was noted to be awake 
and interactive but with weakness of the lower extremities. 

Dr. Chow: Discordant profiles of CSF sampled from different com-
partments is a common phenomenon in CNS infections with or without 
hydrocephalus, especially with basilar meningitis [15]. In TBM, markers 
of inflammation are typically more pronounced in lumbar CSF, whereas 
ventricular CSF tends to have higher concentrations of markers of brain 
injury [16,17]. In addition to discrepant CSF parameters, 

microbiological and molecular testing can detect organisms in CSF from 
one compartment but not the other. As a result, when interpreting re-
sults, it is critical to know which compartment CSF is sampled from and 
to be aware that CSF from different compartments may not be 
comparable. 

Dr. Miyakawa: Dexamethasone taper was started in week 4 of anti-TB 
therapy. The patient continued to make slow but steady improvement in 
her neurologic status. However, repeat MRI in week 5 of anti-TB therapy 
demonstrated progression of leptomeningeal enhancement of the spine, 
particularly with new areas of nodular enhancement along the dorsal 
surface of the thoracic spinal cord, as well as an increase in nodular 
enhancement throughout the brain (Fig. 2). Given ongoing uncertainty 
regarding the effectiveness of treatment while awaiting culture con-
version, linezolid was added back after her pancytopenia resolved to 
optimize the anti-TB regimen. Simultaneously, however, as paradoxical 
worsening was a potential explanation of the radiologic progression, 
further decrease of the dexamethasone dose was paused. 

By week 7, she had regained some movement of her lower extrem-
ities with relative preservation of strength distally. However, she was 
still unable to lift them anti-gravity and complained of neuropathic pain 
in the lower extremities. Tone was normal to decreased. Patellar reflexes 
were diminished bilaterally, while ankle jerks were 2 +. No clonus or 
Babinski reflex was present. A sensory level was absent, though the 
sensory exam was limited. Bowel and bladder function were intact. 
Repeat LP showed a persistent CSF pleocytosis, now lymphocyte- 
predominant, a marked rise in protein, and normalization of the 
glucose compared with CSF from an LP obtained prior to initiation of 
anti-TB therapy (Table 1). 

The etiology of the patient’s persistent lower extremity weakness 
was unclear. In light of the progression of disease in the thoracic spine on 
the most recent week 5 MRI, a myelopathy from paradoxical worsening 
causing paraplegia remained a top concern, as was a painful poly-
radiculopathy from meningeal inflammation. She had also lost 12 kg 
since admission and had diffusely diminished muscle bulk, which, 
combined with the proximal greater than distal pattern of weakness, 
raised the alternate possibility that corticosteroid-associated and/or 
critical illness myopathy could be contributing to her weakness. On 
balance, with modest but appreciable improvement in the neurologic 
examination and in some CSF parameters, the evidence for paradoxical 
worsening was not convincing enough to warrant increasing the dose of 
corticosteroids or continuing to pause the taper, especially when 
weighed against the possibility that corticosteroid toxicity was 
contributing to her proximal weakness. As a result, the decision was 
made to resume the dexamethasone taper. 

In week 11 of anti-TB therapy, the patient acutely developed 
confusion and intermittent fevers. As she had been clinically improving 
in the weeks leading up to this decline and CSF AFB culture from week 7 
still showed no growth, therapeutic failure of anti-TB drugs was thought 
to be unlikely. Concern for a paradoxical reaction was high, in part due 
to recent re-initiation of a dexamethasone taper. The dose of 

Table 1 
Cerebrospinal fluid results by time of anti-TB therapy initiation.  

Timing in relation to initiation of 
anti-TB therapy 

2 weeks prior to anti-TB 
therapy 

1 day prior to anti-TB 
therapy 

Week 1 Week 2 Week 7 Week 11 Week 13 

Source of cerebrospinal fluid LP LP LP Ventricular 
shunt 

LP LP LP 

WBC (per mm3) 215 108 265 8 290 310 178 
Neutrophils (%) 83 86 55 48 21 60 37 
Lymphocytes (%) 17 14 25 43 65 24 52 
Monocytes (%) 0 0 18 9 13 15 10 
RBC (per mm3) 3 30 25 4 5 147 3 
Glucose (mg/dL) 28 31 31 46 47 45 53 
Protein (mg/dL) 67 166 624 61 1707 2203 2747 
AFB culture Not performed Mycobacterial tuberculosis 

complex 
Mycobacterial tuberculosis 
complex 

Negative Negative Negative Negative 

AFB: acid fast bacilli, LP: lumbar puncture, RBC: red blood cell, TB: tuberculosis, WBC: white blood cell. 
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dexamethasone was increased to 0.2 mg/kg/day, and her clinical status 
improved within 24 h. Repeat LP showed a stable CSF pleocytosis but 
now with a predominance of neutrophils along with a markedly elevated 
protein (Table 1). Repeat brain MRI showed prominent progression of 
leptomeningeal enhancement and numerous nodular lesions at the skull 
base (Fig. 3). Since the last spine MRI, there was interval development of 
bulky, mass-like leptomeningeal disease and intrathecal soft tissue 
spanning T4 to T12 with ventral displacement of the spinal cord and 
cord flattening/compression (Fig. 3). 

Dr. Chow: When the patient declined, the top considerations were 
treatment failure with or without drug resistance versus paradoxical 
worsening. Focusing on her CSF results, her protein was continuing to 
rise at week 7. Elevated CSF protein is common in patients with TBM and 
can frequently worsen over the course of anti-TB treatment. Extremely 
high CSF protein may be the result of a blockage in the flow of CSF 
leading to build up of protein in the lumbar space. Therefore, a rising 
CSF protein, as was observed in this patient’s LP in week 7 and 11, is not 
surprising and does not necessarily indicate treatment failure or inade-
quate response to treatment. Of the other CSF parameters, the 
improvement in CSF glucose by week 7 is reassuring and suggests 

response to treatment, as does the fact that CSF AFB culture showed no 
growth. On the other hand, the shift back to a neutrophil-predominant 
pleocytosis, along with marked progression of inflammatory changes 
on the brain and spine MRI with interval development of peripherally- 
enhancing tuberculomas in the brain and a mass lesion in the spine, 
following a period of initial clinical improvement, was highly suspicious 
for a paradoxical reaction [18–20]. In addition, the patient was felt to be 
at high risk for a paradoxical reaction based on the high percentage of 
neutrophils in her baseline CSF, which has been shown to be associated 
with the development of paradoxical inflammatory response to TBM 
treatment in individuals both with and without HIV [21,22]. Further-
more, the timing was consistent with a paradoxical reaction, which 
usually occurs within 3 months of initiation of anti-TB therapy and, 
often, between 4 and 8 weeks [19,22]. 

Dr. Louie: We agreed with this assessment. Arguing against treatment 
failure was the fact that her chorioretinal lesions and reticulonodular 
infiltrates of the lungs had improved. Repeat AFB cultures of CSF were 
negative (Table 1) and gastric aspirate cultures in week 3 and 7 of anti- 
TB therapy were also negative. Rifampin, levofloxacin, and linezolid had 
been given IV to reduce concerns for malabsorption, and therapeutic 

Fig. 2. Brain and spine MRI obtained after initiation of anti-TB therapy. A subacute infarct in the right parietal lobe on axial diffusion weighted images (A) and 
interval worsening of diffuse leptomeningeal enhancement on axial post-contrast T1-weighted images (B) at week 2 of anti-TB therapy. Progression of lep-
tomeningeal enhancement of the spine with new areas of nodular enhancement along the dorsal surface of the cervical and thoracic spinal cord on sagittal post- 
contrast T1-weighted images (C-D) at week 5 of anti-TB therapy. 
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drug monitoring [23] showed levels in appropriate ranges. Lastly, her 
symptoms resolved promptly with an increase in corticosteroid dose. 

Dr. Miyakawa: Given the extramedullary mass lesion in the thoracic 
spine with associated cord compression seen on the week 11 MRI, 
dexamethasone was increased further to 0.3 mg/kg/day. Two weeks 
later, repeat LP in week 13 of anti-TB therapy showed an improvement 
in the CSF pleocytosis and reduction in the proportion of neutrophils 
(Table 1). However, repeat MRI demonstrated enlargement of the mass 
lesion in the thoracic spine with worsening spinal cord compression 
(Fig. 3). Clinically, she continued to have weakness of her lower ex-
tremities, although there was slow improvement. 

Dr. Keh: Corticosteroid wean in patients with TBM is often chal-
lenging. In this case, we anticipated a slow radiologic response to the 
increase in corticosteroid dosing and recognized that the enlarging mass 
lesion with worsening spinal cord compression on MRI could be due to 
radiologic lag. However, the precarious location of the lesion in the 
spine was concerning, and the patient’s neurologic examination 
remained difficult to interpret. An additional challenge of this case was 
balancing the need for long-term corticosteroids against corticosteroid- 
associated myopathy, though it was unclear how much this was playing 

a role in her lower extremity weakness. We discussed the utility of host- 
directed therapy, hoping to minimize neurologic injury from the 
compressive lesion, while also allowing for further corticosteroid 
weaning. 

Dr. Chow: Corticosteroids are the cornerstone of treatment for par-
adoxical reactions and other inflammatory complications of CNS TB, 
although the optimal approach in terms of dosing and duration of cor-
ticosteroids is not well established. My initial response for patients with 
these inflammatory complications tends to be to re-increase the dose of 
corticosteroids, often to the same high doses that we use at the start of 
treatment of TBM [24]. Some patients with paradoxical reactions, 
however, are refractory even to high-dose corticosteroids, or clinically 
deteriorate when corticosteroids are tapered. Others may develop 
adverse effects to long-term corticosteroid use. For such patients, 
alternative host-directed therapies targeting the immune-mediated in-
flammatory response are a reasonable option to help manage paradox-
ical reactions [25–33]. Thalidomide, which has anti-inflammatory 
effects in part through its impact on tumor necrosis factor (TNF)-alpha 
production, has been used to successfully treat inflammatory compli-
cations of CNS TB, especially in children [25]. TNF-alpha inhibitors, 

Fig. 3. Brain and spine MRI obtained at weeks 11 and 13 of anti-TB therapy. Axial post-contrast T1-weighted images demonstrated progression of leptomeningeal 
enhancement and numerous nodular lesions at the skull base (A-B) at week 11 of anti-TB therapy. Sagittal T2-weighted views of mass-like leptomeningeal disease and 
intrathecal soft tissue spanning T4 to T12 with ventral displacement, flattening, and compression of the spinal cord (C) at week 11 of anti-TB therapy and 
enlargement of the mass lesion with worsening cord compression (D) at week 13 of anti-TB therapy. 
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including infliximab, have also been used to treat paradoxical reactions 
in CNS TB in both adults [30–33] and children [27]. Published and 
unpublished experience suggests that TNF-alpha inhibitors, which in-
crease the risk of LTBI reactivation [34,35], can be used safely in TB 
disease, including TBM, provided patients are concurrently treated with 
appropriate anti-TB therapy [36]. Although shown in case series and 
cohorts to be effective in patients with inflammatory complications of 
CNS TB, data from randomized clinical trials of these targeted anti- 
inflammatory therapies are lacking. 

Dr. Miyakawa: Thalidomide is only available through the risk eval-
uation and mitigation strategy (REMS) program (https://www.thalomi 
drems.com) in the United States. Considering the challenges of obtain-
ing thalidomide and its risk in this teenage girl, potentially over the 
course of several months, we elected to treat with infliximab, which has 
been used successfully in pediatric populations [27]. The patient 
received three doses of infliximab 500 mg (approximately 7.5 mg/kg/ 
dose), the first at week 12 of anti-TB therapy, followed by a second dose 
2 weeks later, and a third dose after another 4 weeks, as dexamethasone 
was tapered. 

Dr. Joel Ernst, TB immunology researcher/infectious diseases specialist: 
Understanding the immunologic response to TB is critical to under-
standing the role of host-directed therapy in treating TB. M. tuberculosis 
has many distinct molecules that are inflammatory. They include a va-
riety of lipoproteins, lipoarabinomannans, capsular alpha glucan, 
trehalose dimycolate (TDM), muropeptides, cyclic-di-AMP, and phos-
phatidylinositol mannans [37]. All of these are recognized by immune 
cells and exert proinflammatory effects, even when the bacteria are 
dead. Receptors for these molecules include toll-like receptors, C-type 
lectins, NOD-like receptors, and cytosolic DNA/RNA sensors [37]. These 
receptors activate signals that induce cytokines, including TNF, inter-
leukin (IL)-1, IL-6, and interferon beta [38]. When macrophages and 
dendritic cells are infected by M. tuberculosis, bacterial antigens are 
presented to and recognized by CD4+ and CD8+ T-cells. 

TNF is secreted by macrophages and by T-cells and plays a central 
role in responding to TB infection with antimicrobial and proin-
flammatory effects. It activates macrophage microbicidal mechanisms 
and promotes apoptosis of infected macrophages [39,40]. While 
apoptosis is a noninflammatory cell death, TNF prevents T-cell apoptosis 
and induces chemokines and expression of their receptors. Many of these 
cytokines are proinflammatory (e.g., IL-1, IL-6, IL-8, granulocyte- 
macrophage colony-stimulating factor (GM-CSF)). TNF also induces 
secretion of anti-inflammatory chemokines (e.g., IL-10, IL1-Ra, soluble 
TNFR, IL-11), and they can help TNF downregulate its proinflammatory 
effect, along with many genes whose transcription is activated by TNF 
and block TNF signaling. These anti-inflammatory effects of TNF are 
often not sufficient in those with TBM, and corticosteroids are often used 
to help decrease inflammation. 

There are a few reasons why TNF blockade may work better than 
dexamethasone. First, patients may exhibit dexamethasone resistance 
due to decreased expression of glucocorticoid receptors from its long- 
term use [41]. M. tuberculosis also triggers IL-6, which inhibits re-
sponses to glucocorticoids [42]. Lastly, excess TNF drives distinct 
mechanisms of inflammation via blockade of T-cell apoptosis and pro-
motion of lymphocyte accumulation that cannot be suppressed by other 
mechanisms [43]. 

Dr. Miyakawa: After initiation of infliximab, the patient continued to 
gradually improve. By week 14 of anti-TB therapy and around the time 
of the second dose of infliximab, she was ambulating with a walker. By 
month 8 of anti-TB therapy, she was ambulating without assistance. An 
MRI obtained 1 year after the initiation of anti-TB therapy showed 
persistent nodular leptomeningeal enhancement in the brain and spinal 
cord. The lesion in the thoracic spine had decreased in size with 
improvement in the mass effect on the thoracic spinal cord. 

The patient completed 4 months of linezolid and a total of 1 year of 
oral isoniazid, rifampin, and levofloxacin. At one year post-treatment, 
she continued to do well with a normal neurological examination and 

no signs of relapse. 
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