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Optimizing Antimicrobial and 
Host-Directed Therapies to 
Improve Clinical Outcomes 
of Childhood Tuberculous 
Meningitis

To the Editor—We read with interest 
the article by Thee et al [1], which re-
ported high morbidity and mortality in 
children routinely treated for tuberculous 
meningitis (TBM) in 9 European coun-
tries, despite the low proportion of pa-
tients who presented with the most severe 
(grade 3) disease and ready availability of 
advanced supportive care [1]. The case-
fatality rate in this study (n = 10/104, 
9.6%) was lower than global estimates in 
a recent meta-analysis (19.3%; 95% confi-
dence interval [CI]: 14.0–26.1%), but the 
risk of neurological sequelae among sur-
vivors was high (n = 45/94, 47.9%) and 
comparable with global estimates (53.9%; 
95% CI: 42.6–64.9%) [2].

Optimal treatment for childhood TBM 
remains unclear, and research should focus 
on optimizing mycobacterial killing and 
minimizing deleterious immunological 
responses to prevent and manage disease 
complications [3]. We agree with Thee et 
al [1] that the use of intensified antimicro-
bial therapy containing high-dose rifam-
picin and other anti-tuberculosis drugs 
with good cerebrospinal fluid penetration 
should be advocated. Based on real-world 
data from South Africa, a high-dose in-
tensified regimen for 6 months composed 
of isoniazid, rifampicin, and ethionamide 
at 20  mg/kg/day and pyrazinamide at 
40 mg/kg/day is currently recommended 
by the World Health Organization as an 
alternative treatment option for child-
hood TBM [4]. However, longer-term 
treatment recommendations will be 
strongly influenced by 2 ongoing clin-
ical trials to shorten TBM treatment and 
hopefully improve TBM outcomes in chil-
dren (TBM-KIDS: NCT02958709; SURE: 
ISRCTN40829906).

A dysregulated host immune re-
sponse with excessive inflammation and 
immune-mediated tissue damage contrib-
utes to TBM-related morbidity and mor-
tality [3]. As the mainstay of host-directed 
therapy, corticosteroids have been shown 
to improve the TBM survival rate [5], but 
there is no evidence that corticosteroids 
reduce neurological morbidity and many 
children develop progressive brain pa-
thology during TBM treatment, despite 
corticosteroid inclusion [2, 3]. Moreover, 
corticosteroids are ineffective in reducing 
cerebrospinal fluid tumor necrosis factor 
α (TNF-α), the key cytokine involved in 
the inflammatory response of childhood 
TBM and a potential major driver of ad-
verse outcomes that occur despite ade-
quate mycobacterial killing [6].

The use of anti–TNF-α agents is a 
promising approach to limit TNF-α–me-
diated immunopathology in children 
with TBM. Recently, 2 case series re-
ported favorable treatment outcomes 
with infliximab, a monoclonal TNF-α 
antibody, in childhood and adult pa-
tients with TBM in whom the disease 
course was complicated by paradoxical 
reactions refractory to steroid treatment 
[7, 8]. Thalidomide, another anti–TNF-α 
agent, has also shown encouraging re-
sults from observational studies when 
used at low doses in children with TBM 
complications [9]; this drug was given in 
8.6% of patients in Thee et al study [1]. 
Prospective clinical trials are warranted 
to assess the efficacy and safety of these 
drugs for severe paradoxical reactions, 
but potentially also for TBM in general 
given the frequency of severe immune-
mediated sequelae (mainly, irreversible 
stroke resulting from cerebral vasculitis) 
and the poor neurological outcomes 
achieved with standard treatment [3, 10].

When accompanied with effec-
tive antimicrobial therapy, we believe 
that suppressing TNF-α–mediated 

inflammation has the potential to re-
duce long-term neurological sequelae. 
Additional studies on the value of high-
dose aspirin for treatment of cerebral 
vasculitis, and other new or repurposed 
host-directed therapies based on new 
knowledge from pathogenesis studies, 
are also warranted [3].

It is clear that improved childhood 
TBM treatment outcomes require opti-
mization of both antimicrobial and anti-
inflammation treatment, with optimal 
rifampicin and other anti-TB drug dosing 
and consideration of immunomodulatory 
treatment beyond corticosteroids.
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