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Abstract: Tuberculosis remains a serious world public health problem. Tuberculous meningitis (TBM)
is the one of most severe forms of extrapulmonary tuberculosis. However, the insensitivity and time-
consuming requirement of culturing the pathogen Mycobacterium tuberculosis, the traditional “gold
standard” diagnostic test for TBM, often delays timely diagnosis and treatment, resulting in high
disability and mortality rates. In our series case study, we present five pathogen-negative TBM cases
who received empirical anti-tuberculosis therapy with a good clinical outcome. We describe in detail
the clinical symptoms, laboratory test results, and imaging findings of the five patients from symptom
onset to dynamic follow-up. We then summarize the similarities of the clinical characteristics of the
presented patients, as well as shared features in laboratory and imaging tests, and proceed to analyze
the challenges in the timely diagnosis of TBM. Finally, we argue that monitoring of cerebrospinal
fluid markers and imaging are critical for the diagnosis and treatment of TBM, and emphasize the
importance of differential diagnosis in cases when tuberculous meningitis is highly suspected despite
negative findings for that etiology.

Keywords: tuberculous meningitis; pathogen-negative; management; diagnosis

1. Introduction

Tuberculosis is among the oldest documented and historically most lethal infectious
diseases of humans, and remains a serious world public health problem. Tuberculosis
meningitis (TBM) is the most severe form of tuberculosis, with a high mortality rate and
risk of neurological involvement. The global burden of TBM is far underestimated because
of the difficulties in making a correct diagnosis [1]. The traditional “gold standard” diag-
nostic test for TBM involves growing the pathogen Mycobacterium tuberculosis in culture, a
process that is insensitive and time-consuming, thus often resulting in delayed diagnosis
and treatment. The main reasons for a false-negative result of M. tuberculosis culture are low
abundance of the pathogen in cerebrospinal fluid (CSF), and the need for a high standard of
laboratory equipment and procedures [2]. As an alternative to the traditional Ziehl–Neelsen
smear (ZN smear), emerging Gene-xpert/RIF (Xpert) and metagenomic next-generation
sequencing (mNGS) methods are more sensitive and faster, but the negative results still can-
not exclude the diagnosis of TBM. Furthermore, the volume, preservation, processing, and
antibiotic treatment of CSF can affect test results [3]. Therefore, in geographic regions with
a high burden of TBM, especially in countries with limited laboratory access, the diagnosis
of TBM often depends on clinical features and the treatment decisions are made empirically,
based on an integrated assessment rather than objective evidence of the pathogen. Timely
and accurate initiation of empirical anti-tuberculosis treatment can significantly improve
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mortality and prognosis. Diagnostic guidelines of TBM proposed by the British Infection
Society [4], Indian [5], Chinese medical association [6], and the American Thoracic Soci-
ety [7] indicate that all patients suspected of TBM should start empirical anti-tuberculosis
treatment immediately with a four-drug regimen, without waiting for microbiological or
molecular diagnostic confirmation. However, no unified clinical diagnostic standard is so
far available, and the available scoring systems that are widely used in the clinical setting
are notoriously insensitive and nonspecific. Hence, we now present a clinical report of
five cases of pathogen-negative TBM who received empirical antituberculosis therapy in
conjunction with close clinical management and monitoring, resulting in each case in a
good outcome. We hope that this summary of our experience supports practical suggestions
for an improved differential diagnosis and optimal management of the disease.

2. Materials and Methods
2.1. Patient Recruitment

We conducted a retrospective study from April 2021 to August 2021 in Tongji Hospital
(including the main hospital area, Sino-French New City branch, and Optical Valley Branch),
Tongji Medical College, Huazhong University of Science and Technology, Wuhan, Hubei
Province, China. All patients (n = 5) were suspected of TBM, and improved after receiving
empirical anti-tuberculosis treatment, as established by monitoring for at least three months
of follow-up.

2.2. Inclusion Criteria

(1) Age ≥ 18; (2) TBM was first diagnosed in our hospital; (3) received empirical
antituberculosis therapy; (4) follow-up time ≥ 3 months.

2.3. Exclusion Criteria

(1) Age < 18; (2) TBM has been diagnosed at other hospitals; (3) start of antituberculosis
treatment after a positive M. tuberculosis culture or positive smear.

2.4. Data Collection

We collected information on demographics (age, gender, and personal history), ex-
posure history of tuberculosis, history of smoking, alcohol, or other substance use, and
history of other illnesses (such as tuberculosis and diabetes, hepatitis B, HIV/AIDS, syphilis,
immune-mediated rheumatic disease, and organ transplantation), symptom duration (the
interval from onset of symptoms to hospital admission), ATT time (time from the onset
of symptoms to the start of anti-tuberculosis treatment), prodrome, clinical symptoms
(headache, fever, night sweat, hyponatremia, cranial nerve palsy symptoms, altered con-
sciousness, and stiff-neck), laboratory results (M. tuberculosis culture, ZN smear, mNGS,
Xpert, bacterial culture, bacterial staining, Indian ink staining, virus antibody of CSF
specimen, fungal antigen, virus antibody, mNGS, T-SPOT, and antinuclear antibody in
blood), evidence of extracranial tuberculosis (chest-CT and spinal cord-MRI), CSF findings
upon repeated lumbar puncture after admission (pressure, clearance, glucose, chloride,
lactate dehydrogenase activity, lactate, immunoglobulin G, IgM, and IgA) and changes in
head-MRI imaging after admission.

3. Results

Five previously healthy patients, whose main symptoms were recurrent fever and
headache lasting at least 10 days, were referred to our hospital after a first course of antibi-
otic treatment was ineffective. The patients had nonspecific accompanying symptoms such
as a cold, cough, fatigue, anorexia, and muscle soreness. Two patients had hyponatremia.
One patient had cranial nerve palsy symptoms presenting with intractable hiccup. Four
patients had alteration of consciousness, one patient presented with significant psychiatric
symptoms and cognitive impairment manifesting as rage and aggressive behaviors and
spatiotemporal disorientation, one patient had recurrent epileptic seizures manifesting
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as limb convulsions and loss of consciousness, and two patients showed sleepiness. The
“stiff-neck” sign of meningeal irritation appeared in five patients. The diagnosis assays
for TBM included CSF sampling with M. tuberculosis culture, ZN smear, and Xpert in
CSF, which were negative for all five patients. One patient was positive for human M.
tuberculosis in CSF using mNGS. The T-SPOT assays of four patients were positive. Except
for M. tuberculosis, tests for pathogen antigens or antibodies were negative in CSF and
blood samples of the five patients. The CSF samples of two patients were examined for an-
tibodies related to autoimmune encephalitis, with negative results. There were no chest-CT
imaging features indicative of tuberculous infection in the five patients. Four patients also
underwent cervical spine MRI examination, with no evidence of spinal tuberculosis and
tuberculous myelitis. The detailed clinical information, laboratory test results, and imaging
findings for the five patients are shown in Table 1.

Table 1. The detailed clinical information and laboratory test results of the five TBM patients.

Variables Case 1 Case 2 Case 3 Case 4 Case 5

Age 27 56 48 40 62
Sex Male Male Male Male Female

Potentially relevant personal history Eats
seafood

Neighbors have
pigeons

Breakfast
shop owner

Construction
worker Retiree

Exposure history of tuberculosis Yes No No No No
Illness history No No No No No

History of Smoke/Drink/Drug No No No No No
Symptom duration (days) 29 14 11 19 12

Prodrome Cold and
cough

Cold and
anorexia

Toothache
and muscle

soreness and
anorexia

Diarrhea and
fatigue Cold

Clinical syndrome

Headache Yes Yes Yes Yes Yes
Fever Yes Yes Yes Yes Yes

Night sweat Yes No Yes No No
Hyponatremia Yes No Yes No Yes

Cranial nerve palsy
symptoms

intractable
hiccup No No No No

Altered consciousness Lethargy

Psychiatric
symptoms and

cognitive
impairment

Lethargy No Epileptic
seizures

Stiff-Neck Yes Yes Yes Yes Yes

Laboratory
results

CSF
Specimen

M. tb
culture − − − − -

ZN smear − − − − -
mNGS − − − Human M.tb -
Xpert − − − − -

Bacterial culture − − − − -
Bacterial staining − − − − -
India ink staining − − − − -
Virus antibody * − / − − -

Ab related to AE * − / / / -
WCC * (106/L) 350 510 134 250 125

Protein * (mg/L) 1383 1683 2356 1260 819
Glucose * (mmol/L) 1.38 2.08 1.96 1.51 2.15

Blood
specimen

Fungal antigen * + − − − -
Virus antibody * − / − − -

mNGS − − − − -
T-SPOT + + + + -

ANA − / / / /
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Table 1. Cont.

Variables Case 1 Case 2 Case 3 Case 4 Case 5

Evidence of extracranial
tuberculosis

Chest-CT - − − − −
Cervical Spinal cord MRI - − − / −

ATT time(days) 30 15 12 20 31
Follow up time(months) 8 3 6 6 3
Neurological sequelae No No No No No

Legend: Virus antibody *—IgG and IgM antibodies of ECHO, PVB19, EVB, CA16, CVB, MV, VZV, CMV, RV, TOX,
HSV I, HSV II; Ab related to AE *—antibodies related to autoimmune encephalitis, include GFAPR Ab, LGI-1,
NMDAR, AMPAR1 Ab, AMPAR2 Ab, GABAR Ab, CASPR2 Ab; WCC *—White blood cell count value in CSF at
the first lumbar puncture; Protein *—protein value in CSF at the first lumbar puncture; Glucose *—glucose value in
CSF at the first lumbar puncture; Fungal antigen *—antigen of 1-3 beta d glucan and Aspergillus galactomannan;
“-”—negative; “+”—positive; “/”—No performed in this patient. Abbreviations: CSF—cerebrospinal fluid;
Mycobacterium tuberculosis—M. tuberculosis/M. tb; ZN smear—Ziehl–Neelsen smear; Xpert—Gene-xpert/RIF;
mNGS—metagenomic next-generation sequencing; ATT—anti-tuberculosis treatment; IgG—immunoglobulin G;
IgM—immunoglobulin M; IgA—immunoglobulin A; HRZE—isoniazid, rifampicin, pyrazinamide, ethambutol;
Ab—antibodies; AE—autoimmune encephalitis; GFAPR Ab—glial fibrillary acidic protein receptor antibody; LGI-
1 Ab—leucine-rich glioma inactivated 1 antibody; NMDAR—N-methyl-D-aspartate receptor antibody; AMPAR1
Ab—α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor antibody, type 1; AMPAR2 Ab—α-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid receptor antibody, type 2; GABAR Ab—gamma-amino butyric acid
receptor antibody; CASPR2 Ab—contactin-associated pro-tein-like 2 antibody.

Based on consideration of clinical manifestations, CSF laboratory results, and imaging
findings, four of the five patients received standard empirical anti-tuberculosis treatment
with 600 mg isoniazid, 450 mg rifampicin, 1500 mg pyrazinamide, and 750 mg ethambutol
(HRZE) with dexamethasone used to inhibit inflammatory reaction after the first lumbar
puncture. Due to suffering an epileptiform seizure, the remaining patient underwent
the first lumbar puncture on the fifth day after admission, with initiation of empirical
anti-tuberculosis treatment as above, starting after the second lumbar puncture on the
eighteenth day after admission.

During the course of HRZE treatment, the patients underwent lumbar puncture
and brain MRI imaging at various time points to monitor any changes in condition and
treatment response. The dynamic changes in various CSF indices in the five patients are
shown in Figure 1. Three of the five patients showed a fluctuating downtrend in the
white cell count during the first month of antibiotic treatment. Lymphocytes remained the
predominant white cell type throughout the course of treatment in all five patients. At
the last lumbar puncture, the CSF indicators returned to the normal range after treatment.
Nonetheless, imaging findings deteriorated in four of the five patients during the first
treatment month. In particular, the numbers and size of intracranial lesions in three
patients grew for a time but had shrunk or disappeared at the last brain MRI examination.
One patient had three brain MRI examinations within one month of symptom onset, which
revealed worsening bilateral (but predominantly left side) meningeal enhancement in
conjunction with frontal lobe edema. Five patients had enhancement of leptomeninges, and
one patient had significant enhancement of the pontine cistern as well the cerebellar vermis
cistern. There were no findings of hydrocephalus in four patients during the sequential
imaging examination. Figure 2 presents the imaging results of three patients before and
after treatment.



J. Clin. Med. 2022, 11, 6250 5 of 11

J. Clin. Med. 2022, 11, x FOR PEER REVIEW 5 of 11 
 

 

During the course of HRZE treatment, the patients underwent lumbar puncture and 
brain MRI imaging at various time points to monitor any changes in condition and treat-
ment response. The dynamic changes in various CSF indices in the five patients are shown 
in Figure 1. Three of the five patients showed a fluctuating downtrend in the white cell 
count during the first month of antibiotic treatment. Lymphocytes remained the predom-
inant white cell type throughout the course of treatment in all five patients. At the last 
lumbar puncture, the CSF indicators returned to the normal range after treatment. None-
theless, imaging findings deteriorated in four of the five patients during the first treatment 
month. In particular, the numbers and size of intracranial lesions in three patients grew 
for a time but had shrunk or disappeared at the last brain MRI examination. One patient 
had three brain MRI examinations within one month of symptom onset, which revealed 
worsening bilateral (but predominantly left side) meningeal enhancement in conjunction 
with frontal lobe edema. Five patients had enhancement of leptomeninges, and one pa-
tient had significant enhancement of the pontine cistern as well the cerebellar vermis cis-
tern. There were no findings of hydrocephalus in four patients during the sequential im-
aging examination. Figure 2 presents the imaging results of three patients before and after 
treatment. 

 
Figure 1. Dynamic changes in various CSF indices in five patients with TBM. 

The percentage of monocytes/lymphocytes/neutrophils (right Y axis); the total white 
cell count (WCC; 106/L), and the concentrations of glucose (mmol/L × 10−2)/chloride 
(mmol/L)/protein (mg/L), lactate dehydrogenase(U/L), lactate (mmol/L × 10−2), and the 
concentrations of IgG//IgM//IgA in CSF (left Y axis); IgG//IgM//IgA (mg/L); 

Sequence of lumbar puncture (X axis); when the total number of leukocytes is less 
than 50 × 106/L, the cells are not classified; see Supplementary Table S1 for details of lum-
bar puncture time and various index values. 

Abbreviations: CSF—cerebrospinal fluid; TBM—tuberculous meningitis; IgG—im-
munoglobulin G; IgM—immunoglobulin M; IgA—immunoglobulin A. 

Figure 1. Dynamic changes in various CSF indices in five patients with TBM.

The percentage of monocytes/lymphocytes/neutrophils (right Y axis); the total white
cell count (WCC; 106/L), and the concentrations of glucose (mmol/L × 10−2)/chloride
(mmol/L)/protein (mg/L), lactate dehydrogenase(U/L), lactate (mmol/L × 10−2), and the
concentrations of IgG//IgM//IgA in CSF (left Y axis); IgG//IgM//IgA (mg/L);

Sequence of lumbar puncture (X axis); when the total number of leukocytes is less than
50 × 106/L, the cells are not classified; see Supplementary Table S1 for details of lumbar
puncture time and various index values.

Abbreviations: CSF—cerebrospinal fluid; TBM—tuberculous meningitis; IgG—
immunoglobulin G; IgM—immunoglobulin M; IgA—immunoglobulin A.

Figure 2. Cont.
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Figure 2. Changes of brain MRI before and after anti-tuberculosis treatment. The MRI sequence is Gd-
enhanced MRI T1 cross-sectional; (A–C) The images of cases 1, 2, and 4 at admission. (A) Significant
enhancement of pontine cistern as well as cerebellar vermis cistern. (B) No abnormal findings. (C)
Scattered nodules of varying sizes in the brain parenchyma. (D–F) The images of cases 1, 2, and
4 after treatment for one month. (D) New nodular enhancement lesions were seen in the medulla
oblongata in one patient. (E) Multiple new nodular enhancement lesions can be seen in the left frontal
lobe of another case. (F) The lesions in the lateral ventricular angle were larger and more intense.
(G–I) The images of cases 1, 2, and 3 after treatment for eight, three, and six months respectively.
Follow-up imaging upon treatment showed resolution. (G) The lesions in the medulla oblongata of
case 1. (H) The lesions in the left frontal lobe of case 2. (I) The lesions in the lateral ventricular angle
of case 4.

4. Discussion

The clinical symptoms of our five cases all began with recurrent fever lasting for more
than ten days, with obvious meningeal irritation signs. Their CSF samples consistently
showed lymphocytic-predominant pleocytosis, elevated protein, and low glucose. Two
of the five patients had brain parenchymal nodules on imaging, which might represent
infectious lesions or, more likely, inflammatory granuloma. Their diagnosis of tuberculous
meningitis was not confirmed by traditional methods, including CSF culture, smear, and
the currently recommended Gene Xpert method. An infection caused by fungi, other
bacteria, viruses, parasites, and other pathogens were further excluded through laboratory
examination of the CSF and blood samples. Considering the above clinical characteristics,
we immediately started empirical anti-tuberculosis treatment with the standard antibiotic
polypharmacy. Their diagnosis of TBM was confirmed to be correct through the composite
of clinical symptoms, repeated lumbar puncture findings, and MR/CT imaging exam-
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inations. Follow-up of our series of patients showed a good clinical outcome, without
neurological deficits. Our results favor a diagnosis of M. tuberculosis in patients with unex-
plained persistent fever and headache, along with obvious meningeal irritation signs, upon
exclusion of other pathogens and central nervous system diseases.

Clinicians often use scoring systems based on clinical manifestations, cerebrospinal
fluid characteristics, and imaging to differentiate TBM from other central nervous system
infectious diseases. The most commonly used scores are the Lancet consensus scoring
system [8] and Thwaites’ system [9]. According to the Lancet consensus scoring system,
two patients were classified as probable and the remaining three as possible, while ac-
cording to Thwaites’ system, all five of our patients met the diagnostic criteria of TBM.
Detailed scores are shown in Supplementary Tables S2 and S3. Consistent with previous
clinical studies, we find that the Lancet consensus scoring system has high specificity and
low sensitivity, whereas the converse is true for Thwaites’ system [10]. The duration of
symptoms is the strongest predictor for differentiating TBM from viral meningitis and
bacterial meningitis [11]. Thus, symptoms duration of two–four weeks raises a suspicion of
TBM rather than bacterial meningitis [12]. Other studies have shown that hyponatremia
and altered consciousness are strong predictors of present TBM, while also predicting
poor prognosis [13]. The diagnostic significance of the proportion of lymphocytes and
neutrophils in CSF remains a matter of controversy. Most studies have shown that the
majority of CSF nucleated cells are lymphocytes, which is more indicative of TBM [14–18].
A meta-analysis found that more than four-fifths of TBM patients had low CSF/blood
glucose ratio [19], which we likewise observed in the present study group. However, it is
a pity that adenosine deaminase (ADA) in serum and CSF of patients was not detected
in our study. ADA is an indirect predictor of tuberculosis and it has been used for the
diagnosis of the pleural, peritoneal, and pericardial forms of tuberculosis [20]. Especially
in pleural fluid, ADA has shown a high overall diagnostic sensitivity, specificity, positive
likelihood ratio (PLR), and negative likelihood ratio (NLR) for TB [21]. Tuon et al. (2010)
reported that CSF adenosine deaminase activity determination can be of benefit as a rule-in
or rule-out test when values of less than 4 U/L and greater than 8 U/L [22] are recorded.
However, the clinical application of ADA is limited due to the existence of the blood–brain
barrier and the small number of cerebrospinal fluid samples. ADA can also be found in
patients infected with HIV or who have other HIV-associated neurological diseases, such
as cryptococcal meningitis, lymphomatous meningitis, and cytomegalovirus disease [23].
According to the unified clinical standard of Lancet, 2010 [8] and the guideline for central
nervous system tuberculosis of the Chinese Academy of Neurology in 2019 [6], the ADA
test was not included in the diagnostic standard, so we did not detect the ADA value in
serum and CSF.

Within one month of anti-tuberculosis treatment, the symptoms of five of our patients
had improved, even though the imaging manifestations had deteriorated in three patients,
a phenomenon known as a paradoxical reaction [24]. Recent studies have shown that the
paradoxical reaction may be a normal manifestation of anti-tuberculosis treatment, and
has nothing to do with the prognosis and morbidity [25]. We note that the deterioration of
imaging is more like a delayed manifestation of the disease. Regarding neurological signs,
one of our patients had an intractable hiccup and another had mild cognitive impairment
at the time of admission; culprit lesions of the medulla oblongata and left frontal lobe
respectively appeared on a head MRI one month later. Overall, hydrocephalus is the most
common complication of TBM, occurring in 40% of cases according to the largest follow-up
study conducted by Mohammad Wasay [25], but this was not a finding in our cases.

We reviewed 16 cases of pathogenic negative tuberculous meningitis since 2020 [26–41]
(see Supplementary Table S4). These case reports are similar to our cases, mainly because of
their atypical clinical manifestations or lesion sites, such as one-and-a-half syndrome [35],
nonconvulsive status epilepticus [36], oculomotor palsy [38], lesions involving clivus [31],
and midbrain [32]. Although there was no etiological diagnostic evidence, clinicians highly
suspected tuberculous meningitis based on the general symptoms of tuberculosis, CSF
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examination, and imaging findings, and began empirical ATT treatment, which ultimately
led to a good clinical outcome for most patients.

Tuberculosis treatment guidelines in the People’s Republic of China call for the com-
pletion of a course of empirical treatment once started, unless another alternative etiology
emerges [6]. Therefore, there is a need for comprehensive differentiation and diagnosis
of clinically suspected pathogen-negative cases, in order to achieve timely and appro-
priate anti-TBM treatment. If a patient’s clinical symptoms continue to deteriorate, or
deteriorate again after initial improvement within one month after the start of empirical
anti-tuberculosis treatment, physicians must consider the possibilities of paradoxical reac-
tion and misdiagnosis. Therefore, blood and CSF indicators should be monitored at least
every seven days during the first month of anti-tuberculosis treatment; subsequently, the
patient can be followed up once a month through a lumbar puncture, blood tests, and
imaging examination [42]. Previous case reports have shown that infectious meningitis,
rheumatic immune diseases, and tumors can be misdiagnosed as TBM. For example, the
clinical symptoms of fungal meningitis [43], neurobrucellosis [44], and leptomeningeal
leukemia [45] can appear as recurrent bouts of fever along with headache. The cellular
population in CSF in these diseases is typically composed of lymphocytes, with additional
findings of decreased glucose and raised protein, which constitutes a pattern that is difficult
to distinguish from TBM. Many forms of autoimmune meningitis such as GFAP encephali-
tis, and AQP4 encephalitis [46] can mimic the features of intracranial infection such as
TBM, but are naturally unresponsive to antibiotic or antiviral treatment. Such patients may
have masking of their true condition because of the bactericidal effect of anti-tuberculosis
treatment and co-treatment with steroids, which calls for monitoring of early changes in
condition upon treatment.

We note the limitation that our study is a single-center retrospective study, which
could have resulted in selection bias and recall bias in data collection. There were only a
few cases, which does not support strong qualitative or quantitative conclusions.

5. Conclusions

When patients with recurrent fever and headache leading to suspicion of TBM are not
responsive to empirical antibiotic treatment, there is a need for careful anamnesis, with
the recording of all relevant personal history, sojourn history, and symptoms of various
bodily systems. Differential diagnosis calls for screening against rheumatism, autoimmune
encephalitis-related antibodies, fungal, bacterial, and viral antigens, or antibodies, as well
as markers of parasitic infection. As soon as possible after eliminating a range of alternate
diagnoses, patients with high suspicion of TBM infection should start empirical anti-
tuberculosis treatment; timely and appropriate therapy and follow-up disease monitoring
are critical for obtaining good outcomes.
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//www.mdpi.com/article/10.3390/jcm11216250/s1, Table S1: Details of lumbar puncture time and
various index values in CSF for five patients. Table S2: The Lancet consensus scoring system for
the five patients. Table S3. The Thwaites’ system for the five patients. Table S4. Sixteen cases of
pathogen-negative Tuberculosis meningitis reported in the literature from 2020 to date.

Author Contributions: Conceptualization, M.W. and Y.W.; Data curation, Y.H. (Yuqin He) and Y.H.
(Yanzhu Huang); Formal analysis, Y.H. (Yuqin He) and D.W.; Investigation, Y.H. (Yuqin He) and
Y.H. (Yanzhu Huang); Project administration, M.W.; Resources, Y.H. (Yanzhu Huang) and D.W.;
Supervision, Y.W.; Validation, Y.H. (Yuqin He); Visualization, Y.H. (Yuqin He); Writing—original draft
preparation, Y.H. (Yuqin He); Writing—review and editing, M.W. and Y.W. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

https://www.mdpi.com/article/10.3390/jcm11216250/s1
https://www.mdpi.com/article/10.3390/jcm11216250/s1


J. Clin. Med. 2022, 11, 6250 9 of 11

Informed Consent Statement: Written informed consent has been obtained from the patients to
publish this paper.

Data Availability Statement: Not applicable.

Acknowledgments: The authors want to thank all the patients who volunteered to participate in the
study and provided us with a detailed medical history.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

TBM—tuberculous meningitis; Mycobacterium tuberculosis—M. tuberculosis/M. tb; CSF—cerebrospinal
fluid; ZN smear—Ziehl–Neelsen smear; Xpert—Gene-xpert/RIF; mNGS—metagenomic next-generation
sequencing; ATT—anti-tuberculosis treatment; IgG—immunoglobulin G; IgM—immunoglobulin M;
IgA—immunoglobulin A; HRZE—isoniazid, rifampicin, pyrazinamide, ethambutol; Ab—antibodies;
AE—autoimmune encephalitis; GFAPR Ab—glial fibrillary acidic protein receptor antibody; LGI-1
Ab—leucine-rich glioma inactivated 1 antibody; NMDAR—N-methyl-D-aspartate receptor anti-
body; AMPAR1 Ab—α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor antibody, type
1; AMPAR2 Ab—α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor antibody, type
2; GABAR Ab—gamma-amino butyric acid receptor antibody; CASPR2 Ab—contactin-associated
protein-like 2 antibody; ADA—adenosine deaminase; PLR—positive likelihood ratio; NLR—negative
likelihood ratio.

References
1. Seddon, J.A.; Tugume, L.; Solomons, R.; Prasad, K.; Bahr, N.C. The current global situation for tuberculous meningitis: Epidemiol-

ogy, diagnostics, treatment and outcomes. Wellcome Open Res. 2019, 4, 167. [CrossRef] [PubMed]
2. Huynh, J.; Donovan, J.; Phu, N.H.; Nghia, H.D.T.; Thuong, N.T.T.; Thwaites, G.E. Tuberculous meningitis: Progress and remaining

questions. Lancet Neurol. 2022, 21, 450–464. [CrossRef]
3. Donovan, J.; Cresswell, F.V.; Thuong, N.T.T.; Boulware, D.R.; Thwaites, G.E.; Bahr, N.C. Xpert MTB/RIF Ultra for the Diagnosis of

Tuberculous Meningitis: A Small Step Forward. Clin. Infect. Dis. 2020, 71, 2002–2005. [CrossRef] [PubMed]
4. Thwaites, G.; Fisher, M.; Hemingway, C.; Scott, G.; Solomon, T.; Innes, J. British Infection Society guidelines for the diagnosis and

treatment of tuberculosis of the central nervous system in adults and children. J. Infect. 2009, 59, 167–187. [CrossRef]
5. Sharma, S.K.; Ryan, H.; Khaparde, S.; Sachdeva, K.S.; Singh, A.D.; Mohan, A.; Sarin, R.; Paramasivan, C.N.; Kumar, P.; Nischal,

N.; et al. Index-TB guidelines: Guidelines on extrapulmonary tuberculosis for India. Indian J. Med. Res. 2017, 145, 448–463.
6. Tuberculous Meningitis Professional Committee; Chinese Medical Association. Chinese guidelines for the diagnosis and treatment

of central nervous system tuberculosis. Chin. J. Infect. Dis. 2020, 38, 400–408.
7. Blumberg, H.; Burman, W.J.; Chaisson, R.E.; Daley, C.L.; Etkind, S.C.; Friedman, L.N.; Fujiwara, P.; Grzemska, M.; Hopewell,

P.C.; Iseman, M.D.; et al. American Thoracic Society/Centers for Disease Control and Prevention/Infectious Diseases Society of
America: Treatment of tuberculosis. Am. J. Respir. Crit. Care Med. 2003, 167, 603–662.

8. Marais, S.; Thwaites, G.; Schoeman, J.F.; Török, M.E.; Misra, U.K.; Prasad, K.; Donald, P.R.; Wilkinson, R.J.; Marais, B.J. Tuberculous
meningitis: A uniform case definition for use in clinical research. Lancet Infect. Dis. 2010, 10, 803–812. [CrossRef]

9. Thwaites, G.E.; Chau, T.T.; Stepniewska, K.; Phu, N.H.; Chuong, L.V.; Sinh, D.X.; White, N.J.; Parry, C.M.; Farrar, J.J. Diagnosis of
adult tuberculous meningitis by use of clinical and laboratory features. Lancet 2002, 360, 1287–1292. [CrossRef]

10. Sulaiman, T.; Medi, S.; Erdem, H.; Senbayrak, S.; Ozturk-Engin, D.; Inan, A.; Civljak, R.; Nechifor, M.; Akbulut, A.; Crisan, A.;
et al. The diagnostic utility of the “Thwaites’ system” and “lancet consensus scoring system” in tuberculous vs. non-tuberculous
subacute and chronic meningitis: Multicenter analysis of 395 adult patients. BMC Infect. Dis. 2020, 20, 788. [CrossRef]

11. Mechai, F.; Bouchaud, O. Tuberculous meningitis: Challenges in diagnosis and management. Rev. Neurol. 2019, 175, 451–457.
[CrossRef] [PubMed]

12. Lu, Y.; Ma, C.; Chen, R.; Hu, Z.; Yao, H.; Zhang, Q.; Zhu, H.; Wang, Z.; Song, Z.; Zhang, C.; et al. Development and validation of a
new scoring system for the early diagnosis of tuberculous meningitis in adults. Diagn. Microbiol. Infect. Dis. 2021, 101, 115393.
[CrossRef] [PubMed]

13. Thao, L.T.P.; Wolbers, M.; Heemskerk, A.D.; Thi Hoang Mai, N.; Thi Minh Ha, D.; Thi Hong Chau, T.; Hoan Phu, N.; Van
Vinh Chau, N.; Caws, M.; Huu Lan, N.; et al. Dynamic Prediction of Death in Patients With Tuberculous Meningitis Using
Time-updated Glasgow Coma Scale and Plasma Sodium Measurements. Clin. Infect. Dis. 2020, 70, 827–834. [CrossRef] [PubMed]

14. Leonard, J.M. Central Nervous System Tuberculosis. Microbiol. Spectr. 2017, 5. [CrossRef]
15. Schoeman, J.F.; Donald, P.R. Tuberculous meningitis. Handb. Clin. Neurol. 2013, 112, 1135–1138.
16. Luo, Y.; Xue, Y.; Lin, Q.; Mao, L.; Tang, G.; Song, H.; Liu, W.; Wu, S.; Liu, W.; Zhou, Y.; et al. Diagnostic Model for Discrimination

Between Tuberculous Meningitis and Bacterial Meningitis. Front. Immunol. 2021, 12, 731876. [CrossRef]

http://doi.org/10.12688/wellcomeopenres.15535.1
http://www.ncbi.nlm.nih.gov/pubmed/32118118
http://doi.org/10.1016/S1474-4422(21)00435-X
http://doi.org/10.1093/cid/ciaa473
http://www.ncbi.nlm.nih.gov/pubmed/32543658
http://doi.org/10.1016/j.jinf.2009.06.011
http://doi.org/10.1016/S1473-3099(10)70138-9
http://doi.org/10.1016/S0140-6736(02)11318-3
http://doi.org/10.1186/s12879-020-05502-9
http://doi.org/10.1016/j.neurol.2019.07.007
http://www.ncbi.nlm.nih.gov/pubmed/31383464
http://doi.org/10.1016/j.diagmicrobio.2021.115393
http://www.ncbi.nlm.nih.gov/pubmed/34237646
http://doi.org/10.1093/cid/ciz262
http://www.ncbi.nlm.nih.gov/pubmed/30944929
http://doi.org/10.1128/microbiolspec.TNMI7-0044-2017
http://doi.org/10.3389/fimmu.2021.731876


J. Clin. Med. 2022, 11, 6250 10 of 11

17. Jongeling, A.C.; Pisapia, D. Pearls and oy-sters: Tuberculous meningitis: Not a diagnosis of exclusion. Neurology 2013, 80, e36–e39.
[CrossRef]

18. Tenforde, M.W.; Mokomane, M.; Leeme, T.B.; Tlhako, N.; Tsholo, K.; Chebani, T.; Stephenson, A.; Hutton, J.; Mitchell, H.K.; Patel,
R.K.; et al. Mortality in adult patients with culture-positive and culture-negative meningitis in the Botswana national meningitis
survey: A prevalent cohort study. Lancet Infect. Dis. 2019, 19, 740–749. [CrossRef]

19. Wen, L.; Li, M.; Xu, T.; Yu, X.; Wang, L.; Li, K. Clinical features, outcomes and prognostic factors of tuberculous meningitis in
adults worldwide: Systematic review and meta-analysis. J. Neurol. 2019, 266, 3009–3021. [CrossRef]

20. Segura, R.M.; Pascual, C.; Ocaña, I.; Martínez-Vázquez, J.M.; Ribera, E.; Ruiz, I.; Pelegrí, M.D. Adenosine deaminase in body
fluids: A useful diagnostic tool in tuberculosis. Clin. Biochem. 1989, 22, 141–148. [CrossRef]

21. Shaw, J.A.; Diacon, A.H.; Koegelenberg, C.F.N. Tuberculous pleural effusion. Respirology 2019, 24, 962–971. [CrossRef]
22. Tuon, F.F.; Higashino, H.R.; Lopes, M.I.B.F.; Litvoc, M.N.; Atomiya, A.N.; Antonangelo, L.; Leite, O.M. Adenosine deaminase and

tuberculous meningitis—A systematic review with meta-analysis. Scand. J. Infect. Dis. 2010, 42, 198–207. [CrossRef]
23. Corral, I.; Quereda, C.; Navas, E.; Martín-Dávila, P.; Pérez-Elías, M.J.; Casado, J.L.; Pintado, V.; Cobo, J.; Pallarés, E.; Rubí, J.;

et al. Adenosine deaminase activity in cerebrospinal fluid of HIV-infected patients: Limited value for diagnosis of tuberculous
meningitis. Eur. J. Clin. Microbiol. Infect. Dis. 2004, 23, 471–476. [CrossRef]

24. Kalita, J.; Prasad, S.; Misra, U.K. Predictors of paradoxical tuberculoma in tuberculous meningitis. Int. J. Tuberc. Lung Dis. 2014,
18, 486–491. [CrossRef]

25. Azeemuddin, M.; Alvi, A.; Sayani, R.; Khan, M.K.; Farooq, S.; Beg, M.A.; Awan, S.; Wasay, M. Neuroimaging Findings in
Tuberculosis: A Single-Center Experience in 559 Cases. J. Neuroimaging 2019, 29, 657–668. [CrossRef]

26. Siahaan, A.M.P.; Tandean, S.; Indharty, R.S.; Nainggolan, B.W.M.; Susanto, M. Paroxysmal sympathetic hyperactivity syndrome
in tuberculous meningitis with paradoxical reaction. Int. J. Surg. Case Rep. 2022, 99, 107619. [CrossRef]

27. Kaur, H.; Mittal, G.K.; Singhdev, J. Intradural extramedullary tuberculoma of the spinal cord in patient of tubercular meningitis—
An uncommon scenario. Indian J. Tuberc. 2020, 67, 426–429. [CrossRef]

28. Esposito, S.B.; Levi, J.; Matuzsan, Z.M.; Amaducci, A.M.; Richardson, D.M. A Case Report of Widely Disseminated Tuberculosis
in Immunocompetent Adult Male. Clin. Pract. Cases Emerg. Med. 2020, 4, 375–379. [CrossRef]

29. Vasconcelos, G.; Santos, L.; Couto, C.; Cruz, M.; Castro, A. Miliary Brain Tuberculomas and Meningitis: Tuberculosis Beyond the
Lungs. Eur. J. Case Rep. Intern. Med. 2020, 7, 001931. [CrossRef]

30. Bongomin, F.; Khan, S.A.; Oravec, T. A Complete Triad: Horner’s Syndrome in Tuberculous Meningitis. Am. J. Med. Sci. 2020, 360,
204–205. [CrossRef]

31. Flynn, W.P.; Ntuli, Y.; Zhang, H.; Tiberi, S. A case of Clival Tuberculosis and associated meningitis. J. Clin. Tuberc. Other
Mycobact. Dis. 2021, 25, 100273. [CrossRef]

32. Elavarasi, A.; Goyal, V. Brainstem tuberculoma: A delayed IRIS. Indian J. Tuberc. 2020, 67, 343–345. [CrossRef]
33. Tala-Ighil, T.; Greffe, S.; Trad, S.; Delaroche, M.; Coutte, L.; Rouveix, E.; Kahn, J.E.; Hanslik, T. Cerebral infarction and tuberculosis:

Case report and literature review. Rev. Med. Interne 2020, 41, 704–707. [CrossRef]
34. Zafar, Z.; Hafeez, M.A.-O.; Butt, M. Elusive tuberculous meningitis with rare neurological complication of longitudinally extensive

transverse myelitis: A case report. Spinal Cord Ser. Cases 2021, 14, 82. [CrossRef]
35. Shao, K.; Dong, F.; Guo, S.; Wang, J.; Sun, Z. Eight-and-a-half syndrome caused by tuberculous meningitis: A case report.

Acta Neurol. Belg. 2021, 121, 591–593. [CrossRef]
36. Oka, Y.; Tabu, H.; Matsumoto, S. Tuberculous meningitis presenting with nonconvulsive status epilepticus and transient diffusion

restriction: A rare case. Neurol. India 2020, 68, 512. [CrossRef]
37. Kitazaki, Y.; Ikawa, M.; Enomoto, S.; Shirafuji, N.; Hayashi, K.; Yamamura, O.; Yamada, S.; Arishima, H.; Noriki, S.; Nakamoto, Y.;

et al. An autopsy case of tuberculous meningitis undiagnosed by nested-PCR of CSF samples and brain biopsy. J. Neurol. Sci.
2020, 415, 116968. [CrossRef]

38. Gaba, S.; Gupta, M.; Lamba, A.S.; Bhardwaj, A.; Gupta, H. Bilateral Complete Oculomotor Palsy in Tubercular Meningitis. Cureus
2020, 12, 11001. [CrossRef]

39. Desai, N.; Krishnan, R.; Rukmangadachar, L. Central Nervous System Tuberculosis Presenting With Multiple Ring-Enhancing
Lesions: A Diagnostic Challenge. Cureus 2022, 14, 21819. [CrossRef]

40. Chesdachai, S.; Katz, B.; Sapkota, S. Diagnostic Challenges and Dilemmas in Tuberculous Meningitis. Am. J. Med. Sci. 2020, 359,
372–377. [CrossRef]

41. Arif, S.; Arif, S.; Slehria, A.U.; Yousaf, G.; Nawaz Sr, K.H. Central Nervous System Tuberculosis With Shower Like Pattern of
Intracranial Tuberculomas in an Immunocompetent Patient. Cureus 2020, 12, 9922. [CrossRef]

42. Marais, B.J.; Heemskerk, A.D.; Marais, S.S.; van Crevel, R.; Rohlwink, U.; Caws, M.; Meintjes, G.; Misra, U.K.; Mai, N.T.H.;
Ruslami, R.; et al. Standardized Methods for Enhanced Quality and Comparability of Tuberculous Meningitis Studies. Clin. Infect.
Dis. 2017, 64, 501–509. [CrossRef]

43. Qu, J.; Zhou, T.; Zhong, C.; Deng, R.; Lü, X. Comparison of clinical features and prognostic factors in HIV-negative adults with
cryptococcal meningitis and tuberculous meningitis: A retrospective study. BMC Infect. Dis. 2017, 17, 51. [CrossRef]

44. Soares, C.N.; Angelim, A.I.M.; Brandão, C.O.; Santos, R.Q.; Mehta, R.; Silva, M. Neurobrucellosis: The great mimicker. Rev. Soc.
Bras. Med. Trop. 2022, 55, e05672021. [CrossRef]

http://doi.org/10.1212/WNL.0b013e31827f0832
http://doi.org/10.1016/S1473-3099(19)30066-0
http://doi.org/10.1007/s00415-019-09523-6
http://doi.org/10.1016/S0009-9120(89)80013-X
http://doi.org/10.1111/resp.13673
http://doi.org/10.3109/00365540903428158
http://doi.org/10.1007/s10096-004-1110-z
http://doi.org/10.5588/ijtld.13.0556
http://doi.org/10.1111/jon.12627
http://doi.org/10.1016/j.ijscr.2022.107619
http://doi.org/10.1016/j.ijtb.2020.05.001
http://doi.org/10.5811/cpcem.2020.3.46183
http://doi.org/10.12890/2020_001931
http://doi.org/10.1016/j.amjms.2020.03.017
http://doi.org/10.1016/j.jctube.2021.100273
http://doi.org/10.1016/j.ijtb.2018.11.001
http://doi.org/10.1016/j.revmed.2020.05.013
http://doi.org/10.1038/s41394-021-00445-y
http://doi.org/10.1007/s13760-020-01536-7
http://doi.org/10.4103/0028-3886.283759
http://doi.org/10.1016/j.jns.2020.116968
http://doi.org/10.7759/cureus.11001
http://doi.org/10.7759/cureus.21819
http://doi.org/10.1016/j.amjms.2020.03.010
http://doi.org/10.7759/cureus.9922
http://doi.org/10.1093/cid/ciw757
http://doi.org/10.1186/s12879-016-2126-6
http://doi.org/10.1590/0037-8682-0567-2021


J. Clin. Med. 2022, 11, 6250 11 of 11

45. Elavarasi, A.; Dash, D.; Warrier, A.R.; Jain, D. Leptomeningeal leukaemia misdiagnosed as tubercular meningitis. BMJ Case Rep.
2019, 12, e228328. [CrossRef]

46. Xiao, J.; Zhang, S.-Q.; Chen, X.; Tang, Y.; Chen, M.; Shang, K.; Deng, G.; Qin, C.; Tian, D.-S. Comparison of clinical and radiological
characteristics in autoimmune GFAP astrocytopathy, MOGAD and AQP4-IgG+ NMOSD mimicking intracranial infection as the
initial manifestation. Mult. Scler. Relat. Disord. 2022, 66, 104057. [CrossRef]

http://doi.org/10.1136/bcr-2018-228328
http://doi.org/10.1016/j.msard.2022.104057

	Introduction 
	Materials and Methods 
	Patient Recruitment 
	Inclusion Criteria 
	Exclusion Criteria 
	Data Collection 

	Results 
	Discussion 
	Conclusions 
	References

