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Abstract: Background: Tuberculosis remains a significant global health 
concern, with increasing incidence of drug-resistant strains posing challenges to 

effective treatment. We present a case of rifampicin-resistant tuberculous 

meningitis in an immunocompetent child, highlighting the severity and 

complexity of tuberculosis in pediatric populations. Case report: An 11-year-old 
child with a family history of tuberculosis was hospitalized for febrile meningeal 

syndrome. Symptoms included progressively developing headaches, vomiting, 

food refusal, and right hemiparesis over 10 days. Upon admission, the patient 

was conscious with a fever of 38.2°C and a stiff neck. Biological analyses 
revealed neutrophil-predominant hyperleukocytosis, lymphopenia, and 

hyponatremia. Cerebrospinal fluid analysis showed a predominance of 

lymphocytes and hypoglycorrhachia. The Xpert MTB/RIF ultra test confirmed 

tuberculous meningitis with detection of the rifampicin resistance gene. Imaging 
revealed active hydrocephalus. Second-line treatment was initiated, involving 

multiple medications over 24 months. This observation underscores the 

complexity of tuberculous meningitis in children, necessitating an individualized 

therapeutic approach. Conclusion: Drug-resistant tuberculous meningitis in 
children represents a complex and devastating medical challenge. Progress in 

diagnosis, while significant, underlines the need for a nuanced approach and 

ongoing research to improve screening tools.  

Keywords: Immunocompetent, Meningitis, Tuberculosis, Drug resistance, 
Children, Diagnosis, Treatment. 

Copyright © 2024 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International 

License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original 

author and source are credited. 

 

INTRODUCTION 
Tuberculosis is a chronic infectious disease of 

bacterial origin, primarily caused by Mycobacterium 

tuberculosis. This condition typically affects the lungs, 

although it can also spread to other parts of the body. 

 
According to data from the World Health 

Organization (WHO) for the year 2021, the incidence of 

tuberculosis was 10.6 million cases, resulting in 1.6 

million deaths during the same period. Globally, 
tuberculosis ranks thirteenth among causes of mortality, 

second only to COVID-19 among infectious diseases [1]. 

 

The increasing incidence of drug-resistant 
tuberculosis is a concerning reality. According to WHO 

estimates, the number of patients with drug-resistant 

tuberculosis reached 450,000 in 2021, marking a 3.1% 

increase compared to the 437,000 cases in 2020 [2]. 
 

Tuberculous meningitis (TBM) represents the 
most devastating and disabling form of tuberculosis in 

children and adolescents. 

 

We report a case of rifampicin-resistant 
tuberculous meningitis in an immunocompetent child. 

 

CASE PRESENTATION 
An 11-year-old child was admitted to the 

pediatric department of the Children's Hospital in Rabat 
for febrile meningeal syndrome. 

 

The patient has a history of hospitalization in 

the neonatology department for maternal infection. 
Additionally, there is a family history of an uncle who 

passed away two months ago due to pulmonary 

tuberculosis. 
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The disease history dates back 10 days with the 
progressive onset of fever, headaches, projectile 

vomiting, food refusal, and right hemiparesis. 

 

Upon admission, the clinical examination 
reveals a conscious patient (Glasgow Coma Scale 15/15), 

with a fever of 38.2 degrees Celsius. Neurological 

examination shows a stiff neck with a positive Kernig 

sign. There is an absence of night sweats and purpura 
spots. The rest of the clinical examination was 

unremarkable. 

 

Upon admission, the laboratory findings 
showed a hemoglobin level of 14 g/dl, hyperleukocytosis 

at 11,460/mm³ predominantly composed of neutrophilic 

granulocytes (9,530/mm³, 83%), and lymphopenia at 

1,000/mm³. The erythrocyte sedimentation rate (ESR) 
was 24 mm in the first hour, C-reactive protein (CRP) 

was 12 mg/l, and there was hyponatremia at 128 mmol/l. 

Blood glucose, liver function, and renal function were 

within normal ranges. 
 

The cerebrospinal fluid (CSF) cyto-

bacteriological examination revealed a clear appearance 

with the presence of 170 white blood cells per mm³ (90% 
lymphocytes). Direct examination after Gram staining 

was negative, and cultures on chocolate polyvitex agar 

and blood agar, incubated at 35°C in a 5% CO2 

atmosphere, yielded negative results. 
 

The biochemical analysis of the CSF revealed 

elevated protein levels at 0.74 g/l, decreased glucose 

levels at 0.3 g/l (with a concomitant blood glucose level 
of 0.85 g/l), and reduced chloride levels at 106 mmol/l. 

 

This clinico-biological picture led to the 

suspicion of tuberculous meningitis, and a test for 
Mycobacterium tuberculosis complex DNA using the 

Xpert MTB/RIF ultra (GeneXpert ®) was positive, with 
the presence of the rifampicin resistance gene. 

 

Direct CSF examination after Ziehl Neelsen 

staining was negative, Culture on Lowenstein-Jensen 
medium became positive after one month (Fig 1). 

 

 
Figure 1: Mycobacterium tuberculosis colonies on 

Löwenstein-Jensen medium 

 

The search for Mycobacterium tuberculosis in 

three-day sputum samples was negative. Chest X-ray and 
thoracic computed tomography (CT) scans were 

unremarkable. 

 

Brain magnetic resonance imaging (MRI) 
revealed active ventricular hydrocephalus (Fig 2). 

 

  
Figure 2: MRI images showing active ventricular hydrocephalus 

 

Immunoglobulin (IgG, IgM, and IgA) levels 

were normal, and HIV screening test results were 
negative. 

 

Specialist advice was sought from the 

pneumology/phthisiology department at Moulay 

Youssef Hospital in Rabat, and second-line treatment 

was initiated with: Amikacin 500mg IVL 6 days /7 for 
40 days. Levofloxacin 500mg for 24 months, Linezolide 

300mg per day for 24 months, Bedaquilline 100mg/day 

for 14 days, then 1 tablet every other day for 6 months, 

Clofazimine 50mg per day for 24 months, Cycloserine 1 
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capsule per day for 24 months and vitamin B6 1 tablet 
per day for 24 months. 

 

DISCUSSION 
Tuberculosis remains one of the infectious 

diseases that threaten the health of children. This 
population is often different from adults in terms of 

clinical manifestations, diagnosis and treatment. 

 

It is a disease that most often affects the lungs, 
but some of the most devastating clinical consequences 

result from the ability of Mycobacterium tuberculosis to 

spread from the lung to other organs. The transfer of 

bacteria from the initial site of infection (the pulmonary 
alveoli) to regional lymph nodes and other sites has two 

contradictory consequences. Firstly, it facilitates the 

presentation of M. tuberculosis antigens in regional 

lymph nodes, essential for the development of a 
protective T-cell-mediated immune response. Secondly, 

it leads to the dissemination of bacteria from the lung to 

other organs, and can result in severe forms of the 

disease, such as miliary and meningeal tuberculosis [3]. 
 

The pathogenesis of TBM continues to be a 

subject of debate. A key feature of mycobacterial 

virulence is the ability to invade the blood-brain and 
blood-cerebrospinal fluid barriers. The mechanisms of 

invasion are not entirely clear, although in vitro and 

animal data suggest that M. tuberculosis may rearrange 

the actin in the layers of endothelial cells of cerebral 
microvessels, facilitating its penetration [4, 5]. 

 

It is also possible that a "Trojan horse" 

mechanism, wherein M. tuberculosis is transported 
across the blood-brain barrier by infected monocytes and 

neutrophils, might occur [6]. Rich and McCordock 

described the development of a "Rich focus" in the 

context of TBM pathogenesis [7, 8]. It is suggested that 
the Rich focus forms through the activation of microglial 

cells and astrocytes once the bacilli have gained access 

to the brain. Once formed, Rich foci can become active 

rapidly or months to years later, leading to the release of 
M. tuberculosis into the subarachnoid space, triggering 

an inflammatory cascade [8]. 

 

The resulting inflammatory changes may 
explain some of the clinical characteristics associated 

with TBM. Firstly, peri-vascular inflammation, 

especially of the middle cerebral artery, leads to reduced 

perfusion and cerebral infarction. Secondly, the 
extension of exudative material to the basal cisterns and 

midbrain results in disruption of CSF flow, 

hydrocephalus, and elevated intracranial pressure. 

Thirdly, exudates envelop cranial nerves, causing cranial 
nerve palsies. Finally, expanding parenchymal tubercles 

may form tuberculomas and, less frequently, brain 

abscesses. 

 
The symptomatology of TBM can be acute, 

subacute, or progressive and is characterized by 

nonspecific symptoms in the early stages, such as 
malaise, mild fever, symptoms related to pulmonary 

tuberculosis, and/or flu-like syndrome. About half of 

TBM patients are exposed to someone with sputum-

smear positive pulmonary tuberculosis [9]. Children with 
more advanced diseases may exhibit signs of meningeal 

irritation, cranial nerve palsies, neurological deficits, 

altered perception, and movement disorders [10]. 

 
The biochemical analysis of CSF reveals a clear 

appearance, a low level of glucose (hypoglycorrhachia) 

or a glucose/serum glucose ratio <50%, a generally 

elevated protein concentration ranging from 0.45 to 3.60 
g/L, and often high levels of lactate at 5–10 mmol/L 

(normal range, 1.2–2.1 mmol/L) [11, 12]. 

 

The cytobacteriological diagnosis of TBM 
relies on conventional microscopy after Ziehl-Neelsen 

(ZN) staining of CSF to detect acid-fast bacilli (AFB), 

mycobacterial culture of CSF, and, if available, detection 

of mycobacterial DNA in CSF. 
 

In cytobacteriological terms, the total number 

of leukocytes in CSF can vary from 5 to 1,000 x 10³/mL 

with a predominance of lymphocytes over neutrophils. 
Neutrophils may dominate early in the pathological 

process, and their presence is associated with better 

survival, as suggested by a retrospective study involving 

84 cases of tuberculous meningitis conducted by Jeren T 
et al., [13]. 

 

The Ziehl-Neelsen staining for smear 

examination has a sensitivity of approximately 50%, 
whereas bacterial culture ranges from 60% to 70% [14]. 

This limitation is likely due to the fact that TBM is a 

paucibacillary infection [9]. 

 
The yield of cerebrospinal fluid examination 

can be increased by implementing simple measures such 

as collecting at least 10 ml of CSF, conducting repeated 

examinations of samples, and performing a lumbar 
puncture before or shortly after initiating treatment. 

Additionally, it should be centrifuged at a high 

centrifugal force for 20 minutes, followed by a thorough 

examination for at least 20 minutes [15]. 
 

Considering the relatively low sensitivity of 

direct examination and the inherent delay in culture, 

molecular diagnostic methods for tuberculosis have been 
developed. Xpert MTB/RIF is a fully automated PCR 

test on a cartridge that enables rapid diagnosis (in less 

than 2 hours) of tuberculosis and the detection of 

rifampicin resistance. 
 

For TBM specifically, Xpert MTB/RIF 

demonstrated a sensitivity of 80.5% (95% CI 59.0–

92.2%) and specificity of 97.8% (95% CI 95.2–99.0%) 
compared to culture results. Based on these findings, the 

WHO recommended the use of Xpert MTB/RIF as the 
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preferred initial test for the diagnosis of tuberculous 
meningitis [16]. 

 

More recently, a Cochrane review on the 

diagnostic utility of Xpert MTB/RIF for extrapulmonary 
tuberculosis has been conducted. This study found a 

sensitivity of 71.1% (95% CI 60.9–80.4%) and 

specificity of 98% (95% CI 97.0–98.8%) for CSF 

samples evaluated for TBM [17]. 
 

An improved version of the Xpert MTB/RIF 

test, called Xpert MTB/RIF Ultra (Xpert Ultra), has 

recently been developed with the aim of enhancing the 
sensitivity of Mycobacterium tuberculosis detection and 

increasing the ability to detect rifampicin resistance [18]. 

This technique is used in our central bacteriology 

laboratory at Ibn Sina University Hospital in Rabat. 
 

The improved limit of detection (LOD) of Xpert 

Ultra exceeds that of Xpert MTB/RIF, reaching 

approximately 15.6 colony-forming units per milliliter 
(cfu/mL) compared to 116 cfu/mL for the latter. 

Research by Dorman et al revealed that Xpert Ultra 

demonstrated higher sensitivity than Xpert MTB/RIF in 

HIV-positive patients with paucibacillary disease. These 
findings led to the current update of the WHO 

recommendation, advocating for the primary use of 

Xpert Ultra for TBM diagnosis [9]. 

 
According to a recent meta-analysis including 

data from 20 studies, the adenosine deaminase assay, 

which is classically used in the diagnosis of pleural, 

pericardial and peritoneal tuberculosis, can be performed 
on CSF with a sensitivity of 89% (CI: 84 to 92%) and a 

specificity of 91% (CI: 87 to 93%) [19-21]. 

 

Hyponatremia is highly prevalent in TBM, 
found in 50% of patients. Initially, this anomaly was 

attributed to the cerebral salt-wasting syndrome [22]. 

More recently, patients have been diagnosed with the 

syndrome of inappropriate antidiuretic hormone 
secretion (SIADH); however, many patients have been 

found with normal levels of antidiuretic hormone [23]. 

Evolving understanding suggests that both mechanisms 

could play a role in the occurrence of hyponatremia in 
TBM, highlighting the complexity of the condition and 

the need for a nuanced approach to diagnosis and 

treatment. 

 
Imaging also plays a crucial role in the 

diagnosis of tuberculous meningitis. In various studies, it 

has been demonstrated that magnetic resonance imaging 

(MRI) has higher sensitivity than computed tomography 
(CT). CT itself may be initially normal in almost 30% of 

cases. Therefore, an initially normal neuroimaging does 

not exclude the possibility of tuberculous meningitis. 

The most frequent neuroradiological abnormalities 
include hydrocephalus (80%), basal meningeal 

enhancement (75%), infarcts (8%–44%), and 

tuberculomas (8%–31%) [15]. 

In addition to diagnostic challenges, managing 
multidrug-resistant tuberculosis is a significant 

challenge. The tests currently available in our center 

(Xpert® MTB/RIF Ultra) can relatively and easily detect 

rifampicin resistance but not isoniazid resistance. 
Therefore, cases of rifampicin-resistant tuberculosis are 

treated as multidrug-resistant cases. 

 

Therapeutic regimens should be based on the 
study of sensitivity to various antibiotics, particularly 

fluoroquinolones, which play a crucial role in the 

treatment of multidrug-resistant tuberculosis. After more 

than 40 years of exploration, old drugs such as Linezolid 
and two new agents (bedaquiline and delamanid) are 

available for the treatment of MDR/XDR-TB [24, 25]. 

 

Different antitubercular drugs exhibit distinct 
pharmacokinetics in children compared to adults, and 

some have low permeability in CSF due to the blood-

brain barrier. Therefore, when developing a treatment 

regimen for multidrug-resistant tuberculosis with central 
nervous system involvement, it is necessary to include at 

least four effective drugs, with two or three having 

moderate permeability into the CSF [26]. 

 

CONCLUSION 
Drug-resistant tuberculous meningitis in 

children represents a complex and devastating medical 

challenge. Progress in diagnosis, while significant, 

underlines the need for a nuanced approach and ongoing 
research to improve screening tools. Although molecular 

biology techniques represent a step forward, they cannot 

completely exclude the disease, hence the need to 

reinforce training for healthcare professionals in early 
diagnosis and rapid management. 
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