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What kills TBM patients?
- vascular	pathology	&	hypoxia?
- failure	to	control	M.	tuberculosis	growth?
- ‘collateral	damage’	to	critical	structures?

- what	characterises effective	and	damaging	host	
immune	response	in	TBM	patients?
- and	what	goes	wrong	at	a	cellular	level?

- and	how	much	of	this	is	genetically	determined?	
or	can	we	use	genetics	to	sort	cause	and	effect	
and	identify	targets	for	therapy?



known	/	unknown	
immunodeficiencies or	

clinical	immunopathology
Patients

‘clinical phenotyping’

Laboratory
‘immune	phenotyping’

adjuvant therapy

Immunological	phenotyping
and/or	genetics

Immune	inhibition	
or	stimulation



excessive inflammation (38 female)

• No	medical	history
• Respiratory	infection
• Deterioration	over	course	of	

1	month	despite	multiple	
courses	of	antibiotics

• Respiratory	failure

• Referral:
• CRP	276.	44	leukocytes,					

1%	lympho’s,	90%	PMN
• Ferritin	of	16000
• Progressive	anemia and	

trombopenia

• Influenza	and	aspergillus



Macrophage activation syndrome

• Hematologists:	hemophagocytic lymphohistiocytosis
• Primary	(kids;	mutations	affecting	cytotoxic	T-cells/NK)
• Secondary,	triggered	by

• Malignancy	(lymphoma)
• Auto-immune	(juvenile	RA,	Still’s	disease,	SLE	..)	termed	MAS
• Infection	(EBV,	CMV,	influenza…);	bacterial
• Also	described	in	tuberculosis

• Excessive	but	ineffective	immune	activation
– Fever
– hepatosplenomegaly
– Lymphadenopathy
– hemophagocytosis

• Cytopenia
• High	CRP
• Low	fibrinogen,	coagulation	disorder
• High	ferritin	and	triglycerides
• Elevated	transaminases,	LDH
• Elevated	sIL2R
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Background. Severe H1N1 influenza can be lethal in otherwise healthy individuals and can have features of reactive hemopha-
gocytic lymphohistiocytosis (HLH). HLH is associated with mutations in lymphocyte cytolytic pathway genes, which have not been
previously explored in H1N1 influenza.

Methods. Sixteen cases of fatal influenza A(H1N1) infection, 81% with histopathologic hemophagocytosis, were identified and
analyzed for clinical and laboratory features of HLH, using modified HLH-2004 and macrophage activation syndrome (MAS)
criteria. Fourteen specimens were subject to whole-exome sequencing. Sequence alignment and variant filtering detected HLH
gene mutations and potential disease-causing variants. Cytolytic function of the PRF1 p.A91V mutation was tested in lentiviral-
transduced NK-92 natural killer (NK) cells.

Results. Despite several lacking variables, cases of influenza A(H1N1) infection met 44% and 81% of modified HLH-2004 and
MAS criteria, respectively. Five subjects (36%) carried one of 3 heterozygous LYSTmutations, 2 of whom also possessed the p.A91V
PRF1 mutation, which was shown to decrease NK cell cytolytic function. Several patients also carried rare variants in other genes
previously observed in MAS.

Conclusions. This cohort of fatal influenza A(H1N1) infections confirms the presence of hemophagocytosis and HLH pathol-
ogy. Moreover, the high percentage of HLH gene mutations suggests they are risk factors for mortality among individuals with in-
fluenza A(H1N1) infection.

Keywords. hemophagocytosis; macrophage activation syndrome; H1N1 influenza; perforin; cytolytic pathway; LYST.

A novel influenza A(H1N1) virus emerged in spring 2009 and
rapidly reached global pandemic status [1]. Subsequently, this
virus has largely replaced previously circulating viruses and be-
come the predominant agent of seasonal influenza [2]. Al-
though the 2009 H1N1 influenza outbreak was associated
with a relatively low case-fatality rate, H1N1 influenza dispro-
portionately affected children and younger adults, with a signif-
icantly higher number of reported pediatric deaths than had
been seen in prior seasonal epidemics [1, 3]. Indeed, significant
numbers of children and younger adults required critical care,
including extracorporeal membrane oxygenation [3]. Several
reports of severe and often fatal H1N1 influenza have demonstrat-
ed liver dysfunction, cytopenias, coagulopathy, hyperferritinemia,

and hemophagocytosis on bone marrow examination [4–11].
These features are consistent with reactive hemophagocytic
lymphohistiocytosis (rHLH; also known as “secondary HLH”),
also referred to as macrophage activation syndrome (MAS)
[12–14], and indeed several patients were successfully treated
with HLH-specific therapy [5, 8, 15]. There is some evidence
that rHLH/MAS may be a common complication in fatal H1N1
influenza. An autopsy series found evidence of hemophagocy-
tosis (a hallmark of HLH) in all cases examined [16, 17], and a
prospective study of all critically ill patients with influenza
found that 36% satisfied diagnostic criteria for rHLH, of
whom 89% died, compared with 25% without rHLH [18].

Familial HLH (fHLH; also known as “primary HLH”) is a
rare autosomal recessive disorder of multisystem inflammation,
typically fatal in the absence of hematopoietic stem cell trans-
plantation in infancy. fHLH is caused by mutations affecting
the cytolytic pathway of natural killer (NK) cells and CD8+

T lymphocytes. Normally, these cells recognize and kill virus-
infected cells through the exocytosis of cytotoxic effector mol-
ecules, such as perforin (PRF1). This function requires the
coordinated movement, docking, and fusion of lytic granules
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macrophage activation syndrome and anakinra
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Objectives: Secondary hemophagocytic lymphohistiocytosis, 
macrophage activating syndrome, and sepsis share the same 
inflammatory phenotype leading often to multiple organ dysfunc-
tion syndrome needing intensive care. The goal of this article is 
to describe our experience with anakinra (Kineret), a recombinant 
interleukin-1 receptor antagonist, in decreasing the systemic 
inflammation.
Design: Retrospective case series.
Setting: The PICU at the Helen DeVos Children’s Hospital (Grand 
Rapids, MI).
Patients: The records of eight critically ill children presumed to have 
secondary hemophagocytic lymphohistiocytosis at our institution 
between January 1, 2011, and July 31, 2012, were reviewed.
Interventions: All of the patients were treated with anakinra 
(Kineret) and in some cases systemic corticosteroids as first-line 
therapy for secondary hemophagocytic lymphohistiocytosis.
Measurements and Main Results: Patients had a median age of 14 
years and a median Pediatric Risk of Mortality score of 11.5. Four were 
previously healthy and four had underlying diseases that could have 
made them susceptible to secondary hemophagocytic lymphohistio-
cytosis. Indications for PICU transfer were respiratory distress 50% (4 

of 8), cardiovascular instability 37.5% (3 of 8), and chest pain (1 of 8). 
Five of the patients (62.5%) were mechanically ventilated and 62.5%  
(5 of 8) received vasoactive infusions. Inflammatory markers were 
assessed linearly at the start of therapy and 7 days later. Baseline 
C-reactive protein was 206 ± 50 mg/L (mean ± SEM) at the start 
of anakinra and decreased by 67.1% to 68 ± 36 mg/L (p = 0.03). 
Ferritin decreased by 63.8% to 3,210 ± 1,178 ng/mL (p = 0.30), 
and fibrinogen decreased by 42% to 158 ± 41 mg/dL (p = 0.03). 
Absolute neutrophil count (p = 0.38) and absolute lymphocyte 
count (p = 0.69) did not change significantly. No infections were 
attributed to anakinra therapy. One patient died long after treatment 
with anakinra while receiving pre-hematopoietic stem cell transplant 
chemotherapy.
Conclusions: Anakinra could represent a promising therapeutic 
approach in these life-threatening disorders that are likely underdi-
agnosed and often difficult to treat. (Pediatr Crit Care Med 2014; 
15:401–408)
Key Words: cytokines; hemophagocytic lymphohistiocytosis; 
inflammation; macrophage activating syndrome; multiple organ 
dysfunction syndrome; pharmacotherapy

For the last 2 decades, the unstable patient with hemo-
phagocytic lymphohistiocytosis (HLH) has been treated 
using systemic corticosteroids and etoposide in most 

centers. This regimen, developed in 1994 by the histiocyte 
society through expert consensus, continues to be used despite 
its many known side effects (1). The society has broadened its 
diagnostic criteria in order to make an earlier diagnosis and it 
is now recognized that significant clinical and laboratory over-
lap occurs between secondary HLH/macrophage activating 
syndrome (MAS) and sepsis/systemic inflammatory response 
syndrome (SIRS)/multiple organ dysfunction syndrome 
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This session
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9:10-10:30 Session 1: Diagnostics and Biomarkers 
  
 Co-Chairs: Omar Siddiqi (Beth Israel Deaconess Medical Center) 
  Dima Hammoud (National Institutes of Health Clinical Center) 
 
 Session Overview: 

This session will discuss the current state of TBM diagnostics while highlighting 

the gaps that exists as well as emerging diagnostic tools. The session will also 

discuss the potential role of neuroimaging and diagnostic biomarkers to 

improve future testing. 

 

9:10-9:30 Current and Future Ultra Diagnostics in TB Meningitis 
 David Boulware (University of Minnesota) 
 
9:30-9:50 Diagnostic and Prognostic Potential of Neuroimaging and Neurotissue Markers in 

Tuberculous Meningitis 
 Ursula Rohlwink (University of Cape Town) 
 
9:50-10:10 Potential Diagnostic Biomarkers 
 Keertan Dheda (University of Cape Town) 
 
10:10-10:30 Group Discussion for Session 1 
 

 

10:30-10:45 Break   

 

  

10:45-12:15 Session 2, Part 1: Immunopathogenesis 
 
 Co-Chairs: Reinout van Crevel (Radboud University Medical Center) 
  Zsuzsanna Fabry (University of Wisconsin-Madison) 
 
 Session Overview: 

This session aims to summarize what is known regarding host immune 

response and immunopathology in TBM patients, integrating clinical and 

laboratory phenotyping data, in order to identify relevant biomarkers or 

possible targets for host-directed therapy. 

 

10:45-10:50 Session Introduction 
 Reinout van Crevel (Radboud University Medical Center) 
 
10:50-11:10 Stroke in TB Meningitis: Path-Physiology, Clinical and Management Issues 
 Usha Kant Misra (Sanjay Gandhi Postgraduate Institute of Medical Sciences) 
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11:10-11:30 Host Genotypes, Inflammatory Response and Outcome of TBM; Vietnam Cohort 
 Nguyen Thuy Thuong Thuong (Oxford University Research Unit, Ho Chi Minh City) 
 
11:30-11:50 Host Inflammatory Phenotype and Outcome TBM Indonesia 
 Arjan van Laarhoven (Radboud University Medical Center) 
 
 
11:50-12:50 Lunch           
 
 
12:50-1:10 Phosphodiesterase and DAMP Inhibitors as Adjunctive Agents 
 William Bishai (Johns Hopkins University) 
 
1:10-1:50 Group Discussion for Session 2, Part 1 
 
 
1:50-4:00 Session 2, Part 2: Modeling 
 
 Co-Chairs: Sanjay K. Jain (Johns Hopkins University) 
  David Tobin (Duke University) 
 
 Session Overview: 

This session will provide an overview of preclinical models (in vitro blood-brain 
barrier and animal models) for central nervous system (CNS) tuberculosis (TB) 
including those relevant to pediatric disease. Animal models that simulate the 
natural course of infection as well as those utilizing direct inoculation into 
CSF/cerebellum and their use in studying microbial virulence factors, disease 
pathogenesis, unique vaccine targets and drug treatment will be discussed. We 
will also discuss real-time imaging techniques to study pathogenesis and to 
monitor disease. Finally, we would like to identify knowledge gaps in the 
current understanding of CNS TB and how models can help to bridge these 
gaps. 

 
1:50-2:20 Overview of Models of CNS TB and TB Meningitis 
 Sanjay K. Jain (Johns Hopkins University) 
 
2:20-2:40 A Zebrafish Model of TB Meningitis 
 Cressida Madigan (UCLA School of Medicine) 
 
2:40-3:00 CNS Barriers and Anti-microbial Immunity 
 Zsuzsanna Fabry (University of Wisconsin-Madison) 
 
 
3:00-3:15 Break 
 

Afterwards?	Or	sometime today /	tomorrow

Cerebral tryptophan metabolism is	critical in	TBM	


