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Abstract
Pediatric hemophagocytic syndrome (HS) is a severe and often fatal clinical disorder. This syndrome is
frequently unrecognized, and thus, affected children may receive suboptimal management, leading to
an increase in mortality. The purpose of this review is to provide a clinical guide to (1) the recognition of
HS based on clinical, biologic, and pathologic features; (2) the identification of the primary cause of HS
in a given affected child; and (3) the initiation of effective treatment in a timely manner.

Background

hemophagocytic histiocytosis, histiocytic disorder,
macrophage activation syndrome, and reactive
hemophagocytic lymphohistiocytosis (HLH).2,3
To date, this syndrome remains ill-recognized in
children, leading to false or delayed diagnosis
and suboptimal management. Etiologically, HS is
a component of several inherited disorders in
which it is present at onset or during the course of
the disease. It has also been associated with a
variety of viral, bacterial, fungal, and parasitic
infections, as well as with collagen-vascular
diseases4–6 and malignancies, particularly T-cell
malignancies.7 The association between HS and
infection is important because both sporadic and
familial cases of HS are often precipitated by
acute infections; HS mimics overwhelming
infectious sepsis, misleading diagnosis,8 and may
obscure the diagnosis of precipitating treatable
infectious illnesses, including visceral
leishmaniasis and tuberculosis.9–12 The diversity of
diseases associated with HS and its strong link with
intracellular infections have led to delays in
determining etiology and initiating proper care. In
recent years, our knowledge of the common
pathogenic mechanisms underlying this disorder
has dramatically improved, and the terminology

Pediatric hemophagocytic syndrome (HS) is a
distinct clinical entity in which excessive
uncontrolled activation and proliferation of T cells
and macrophages occur and are often fatal. First
described in 1939 by Scott and Robb-Smith as a
histiocytic reticulosis, a neoplastic proliferation of
histiocytes,1 this syndrome has since then been
given several other denominations, including
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and classification of disorders associated with HS
are under revision. This review aims to provide
clinicians with
1. a definition of HS as a clinical and biologic
entity that will help with the recognition of this
syndrome in an affected child and the initiation of proper management;
2. a classification of potential diseases leading to
HS, based on our current knowledge of their
molecular defects and providing the current
means of establishing a molecular diagnosis;
and
3. a brief overview of available treatment
options, based on our understanding of disease
mechanisms.

Recognizing HS

Etiopathogenesis
In response to infection, innate and adaptive elements of the immune system act in concert to clear
the pathogen and generate memory cells of adaptive immunity.13,14 In a physiologic (normal) situation, triggering of the immune system by an
intracellular organism leads to transient activation
and expansion of the lymphohistiocytic compartment. Transient production of interferon-␥
(INF-␥) leads to transient expansion and activation of both the lymphocyte and macrophage
compartments. The intensity of the immune
response depends on the type of infecting antigen,
its structure, dose, localization, and duration of
infection in the host.15 Once the initial infection
has been cleared, control of the response in normal individuals results in contraction of the
immune system and a return to baseline for both
lymphoid and macrophage lineages, with generation of a few memory T and B cells (Figure
1A). Homeostasis of the immune system is
impaired in diseases that lead to HS. Whether
the underlying primary defect is in the lymphocyte or in the macrophage compartment, uncontrolled expansion and activation of mostly
CD8+ lymphocytes and macrophages occur, leading to an unending positive feedback loop on
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both cell lineages. T cells continuously produce
INF-␥ and tumour necrosis factor-␣ (TNF-␣),
which in turn continuously activate and induce the
proliferation of T cells and activate macrophages.
Activated macrophages expand and infiltrate the
reticuloendothelial tissues (including bone marrow, liver, spleen, and lymph nodes, which can
result in organomegaly)3 and the perivascular
structures of the brain, inducing central nervous
system (CNS) involvement.16–18 These activated
macrophages avidly phagocytose all nearby
hematopoietic lineages, including red blood cells
(hence the term “hemophagocytosis”), granulocytes, and platelets (see Figure 1B). They produce
cytokines, including interleukin (IL)-1, TNF-␣,
and IL-6.19 High levels and prolonged production
of these cytokines result in fever, hemodilution
with hyponatremia, hypertriglyceridemia, and
coagulation abnormalities. Also, oversecretion
of IL-18 by monocytes in patients with HS has
been described20 and may further enhance TNF␣ and IFN-␥ production by T lymphocytes and
natural killer (NK) cells as well as induce Fas ligand expression on lymphocytes, enhancing their
cytotoxic effect. Increased serum levels of soluble Fas ligand, which can trigger apoptosis in
such Fas-expressing tissues as the kidney, liver,
and heart, are also seen in HS and may result in
organ failure through increased apoptosis of cells
in these tissues.21
In summary, HS results from the failure of
down-regulating and limiting a T helper 1
(Th1)–type immune response after it is triggered.
This may occur, as detailed below, through intrinsic cytotoxic T-cell and NK-cell dysfunction in
patients such as is seen in hereditary forms or in
rheumatoid arthritis, impairing the host ability to
control underlying infectious triggers; or, alternately, it may occur through ongoing stimulation
of a Th1 immune response that drives a continued
expansion of the immune reaction, such as is seen
in persistent infection or in malignancies.

The Cytotoxic Granule-Mediated
Cell Death Pathway
The molecular characterization of several inherited disorders leading to HS in the past 5 years has
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A

B
Figure 1 Schematic overview of antigen specific
CD8+ T-cell response in a normal individual (A) and
in a patient with hemophagocytic syndrome (B). In
response to an infectious trigger, antigen-specific CD8+
T cells transiently undergo massive expansion, use
cell-mediated cytolysis, and produce interferon-␥ (IFN-␥).
After pathogen clearance, this immune response is
self-limiting and most cells die, leaving a reduced
number of memory T and B cells. During the course
of hemophagocytic syndrome, uncontrolled expansion
of antigen-specific effectors occurs. Activated lymphocytes secrete high levels of INF-␥ and induce a feedback loop on macrophage and T cells, which continuously activate each other and expand. High levels of
inflammatory cytokines are secreted, including IFN␥,
tumour necrosis factor-␣, interleukin (IL)-1, IL-6, and
IL-18. Activated macrophages phagocytose bystander
hematopoietic cells (hemophagocytosis). Activated
lymphocytes and macrophages infiltrate various organs,
resulting in massive tissue necrosis and organ failure.

revolutionized our understanding of HS. Genes
associated with inherited forms of HS are part of
the cytotoxic granule-mediated cell death pathway
and shed light on a previously unsuspected role for
this pathway in lymphocyte homeostasis.13
The granule exocytosis cytotoxic pathway is
a rapid, powerful, and iterative mechanism adapted
to the killing of infected cells.13,22–24 Cytotoxic T
lymphocytes (CTLs) and NK cells contain cytoplasmic lysosomes that can undergo regulated
secretion in response to external stimuli. These
lysosomes contain perforin (the central protein
for CTL-mediated killing), granzyme, and other
granule components. In resting CTLs, these cytotoxic granules move back and forth along microtubules by means of kinesin- and dynein-based
motors but often cluster around the microtubule
organizing centre (MTOC) in the absence of external stimuli (Figure 2A). Granule secretion is triggered by the recognition of a target cell via the
T-cell receptor and/or other receptors yet to be identified at the plasma membrane of the CTLs and NK
cells. Within the CTL, the MTOC moves from a
perinuclear region to the contact site, repolarizing
the microtubule network toward the target cell
within minutes of target cell recognition. Granules
migrate along microtubules to the area of cell
contact in a coordinated process and fuse with
the plasma cell membrane, creating an immunologic synapse (Figure 3; see also Figure 2A). Their
components are secreted into the intracellular
junction, and perforin and granzyme cooperate
to mediate apoptosis of the target cell within 5 minutes of receptor engagement. Not all granules are
exocytosed, and the remaining granules are ready
for new target interaction and killing. The immunologic synapse is a distinct topologic re-arrangement
of cell surface proteins formed by a ring of adhesion proteins (leukocyte function–associated antigen 1 and talin) surrounding a central domain
containing a patch of signalling proteins and a
distinct secretory domain in which granule exocytosis occurs.
The fact that all hereditary forms of HS have
defects of cytotoxic T- and NK-cell function
strongly suggests that dysfunction of this subset
of lymphocytes likely plays a key role in all forms
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Figure 2 Cytotoxic granules in wild-type cytotoxic T
lymphocytes (CTLs) and in CTLs from patients with
genetic defects. A, Illustrations of the distribution of
cytotoxic granules on microtubules (lines) in a resting
human CTL (left panel). Perforin and granzyme are represented as red and green circles inside granules; one
granule of each only is shown for clarity. After a CTL
encounters a target cell, cytotoxic granules polarize and
move along microtubules (middle panel) to the microtubule organizing centre (in blue), which migrates to
the immunologic synapse and induces apoptosis of the
target cell after the endocytosis of cytotoxic granules
in its cytoplasm (right panel). B, Illustration of images
of CTLs from patients lacking Lyst (Chédiak-Higashi
syndrome), MUNC13-4 (FHL3), or RAB27A (Griscelli
syndrome 2) conjugated with target cells.

of HS, whether they are acquired or inherited.
Important, the hereditary forms clearly show us that
T cells and NK cells are the trigger for HS, and
gaining better control of T- and NK-cell activation
is the best way to manage and control the disease.

Clinical, Biologic, and Pathologic Features
The clinical presentation of HS is generally acute and
dramatic (Table 1). Typically, patients become
acutely ill with the sudden onset of a high and
unremitting fever. Splenomegaly is the second most
common clinical finding and can be associated with
hepatomegaly, lymphadenopathies, jaundice, and
CNS symptoms including confusion, seizures, and
(more rarely) focal deficits. A maculopapular skin
rash and abdominal distension have also
been described. These clinical findings are suggestive of acute viral infections such
as Epstein-Barr virus (EBV) infection,
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Figure 3 Schematic representation of cytotoxic granule exocytosis and target killing following target recognition by cytotoxic T lymphocytes (CTLs) or natural
killer (NK) cells) Recognition of a peptide–major histocompatibility complex class I molecule presented
by a target cell induces activation of cytotoxic lymphocytes (CTLs and NK cells). After cell conjugate formation, activated lymphocytes polarize their lytic granules toward the cell-to-cell contact, organized as an
immunologic synapse. RAB27A is expected to promote
the terminal transport and/or the docking step of the
cytotoxic granules at the immunologic synapse. For its
function, RAB27A potentially associates with unknown
effectors and with MUNC13-4. MUNC13-4 functions
as a priming factor, allowing cytotoxic granules to
reach a fusion-competent state before membrane fusion
and granule secretion occur. In 30% of patients with
familial hemophagocytic lymphohistiocytosis (FHL),
cytotoxic granules are defective in their functional perforin content (FHL2); in another 30% of the patients,
cytotoxic granules are defective in their priming state
and thus secretion (FHL3). Defective RAB27A in
patients with Griscelli syndrome 2 impairs terminal
transport and thus exocytosis of the lytic granule contents. X-linked lymphoproliferation and polymerization
of perforin are represented with a question mark because
there is no experimental proof that they act as represented in this scheme.

Cytomegalovirus infection, or viral hepatitis, and the
diagnosis is further complicated by the association
of these infections with HS.25,26 Biologic alterations
include cytopenia, especially anemia and thrombocytopenia. Liver dysfunction, hypertriglyceridemia,
hyponatremia, hypofibrinogenemia, and elevated
ferritin levels can also occur. Uncontrolled proliferation of T cells exhibiting the activation markers
CD25 and human leukocyte antigen (HLA) class II
and activation of macrophages that phagocytose
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Table 1
Clinical features

%

Fever
Splenomegaly
Hepatomegaly
Lymphadenopathies
Rash
CNS symptoms (seizures,
confusion etc…)
Abdominal pain, distention

80-100
55-100
45-97
17-52
19-65
19-47
50

Laboratory abnormalities
Anemia
Thrombocytopenia
Neutropenia
Hypertriglyceridemia
Hypofibrinogenemia
Hyperbilirubinemia
DIC and increased d-dimers

89-100
82-100
58-87
59-100
19-85
74
20-65

Pathology findings

%

Needle aspirate or biopsy of bone marrow, liver, spleen,
lymph node:
• Organ infiltration by activated T cells mostly of the CD8 lineage
(CD25 and HLA class II expression) and macrophages)
• Hemophagocytosis
• Indication of potential trigger (infection, malignancy…)
Lumbar puncture:
Pleiocytosis with activated T cells and/or macrophages
Hemophagocytosis

blood cells are a hallmark of this syndrome. Because
of their “homing” to tissues, especially those of the
reticuloendothelial system, phenotyping of circulating blood lymphocytes is often inconclusive and
should not lead to the exclusion of a diagnosis of
HS. A consistent immunologic finding in active
phases of HS is impaired cytotoxic activity of NK
cells.27,28 Activated T cells and macrophages infiltrate multiple organs, and histopathologically, hemophagocytosis is seen in bone marrow, spleen, liver,
lymph nodes, and occasionally the CNS and skin.
In the brain, the inflammatory cells form perivascular foci, suggesting a blood-derived tissue infiltration. Activated macrophages may engulf (phagocytose) erythrocytes, and leukocytes, as well as

80-90%
Serial aspirate(s)/biopsy(ies) may be
needed to ascertain HS

~45%
May be positive even in the absence of
clinical CNS involvement

platelets, their precursors, and cellular fragments.
These cells appear to be “stuffed” with other blood
cells. In the presence of strong clinical and biologic
suspicion of HS, it is important that pathologic
analysis be repeated if results are initially negative.
Immune cell infiltration results in massive tissue
necrosis, organ failure, and death in the absence of
effective treatments.

Etiology
Based on an inheritance pattern, HS can be divided
into inherited (or primary) HS and acquired (or
reactive) HS.
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Inherited HS
Features that suggest inherited HS include occurrence at a young age (mostly before the age of 3
years although late onset has also been observed);
positive family history and previously affected
family members; parent consanguinity or parents
from a highly hereditary geographic region or
ethnic community; and defective NK-cell activity, even in remission phases of HS.
Familial Hemophagocytic
Lymphohistiocytosis
Familial hemophagocytic lymphohistiocytosis
(FHL) was first described by Farquhar and Claireaux
as familial erythrophagocytic lymphohistiocytosis.29 The incidence of FHL has been estimated to
be 1 in 50,000 births.30,31 Overwhelming HS is the
distinguishing and isolated feature in this disorder; there are no other associated signs, unlike the
other inherited forms. Symptoms of HS are usually
evident within the first 3 months of life and can even
develop in utero. Rare cases with delayed onset have
been observed. HS most often occurs in previously
healthy young children, which suggests the need for
an exogenous trigger prior to the onset of clinical
manifestations. In susceptible children, infection
with intracellular pathogens (viral and fungal,
among others) is the most likely trigger for disease
manifestation.32 HS in FHL is invariably lethal
unless treatment with allogeneic stem-cell transplantation is performed.33 Previously, linkage analysis using homozygosity mapping in four hereditary
FHL families of Pakistani descent identified a locus
(FHL1) on chromosome 9q21.3-22.34 However, no
causative gene has been so far associated with this
locus. Association of this locus with FHL seems
restricted to Pakistani families although not all
FHL cases in Pakistani families segregate with this
locus.35 Using genome wide linkage analysis, two
additional loci have been identified on chromosomes 10q21-22 (FHL2)36 and 17q25 (FHL3),35
and there is further evidence of additional genetic
heterogeneity and of a yet-undefined gene or genes
(G. de St Basile, unpublished data).
FHL2: Perforin Deficiency
The cytolytic effector perforin, present in cytotoxic
granules, was the first gene identified as causing
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FHL.37 As a consequence of perforin gene mutations, perforin protein expression is diminished to
barely detectable in cytotoxic granules,32,37,38 leading to defective cytotoxic activity. In normal cells,
following release from lytic granules, perforin is
thought to oligomerize in order to form a pore-like
structure in the target cell membrane, analogous
to the C9 component of complement.22 Failure of
perforin activity is etiologically linked to the
development of FHL, and its deficiency accounts
for one-third of patients with FHL.
FHL3: Munc13-4 Deficiency
Patients whose disease is associated with FHL3
locus present typical features of FHL and are
indistinguishable from patients with a perforin
(ie, FHL2) defect. In patients with FHL3, however,
perforin is normally expressed and is functional.
FHL3 was found to be associated with mutations
in the gene UnC13D encoding for hMunc13-4, a
member of the Munc13-UNC13 family.35 Six different hMunc13-4 mutations have so far been
identified in patients with FHL3 from seven different families. Studies of the exocytosis of cytotoxic granules in lymphocytes from patients with
FHL3 mutations showed that Munc13-4 is required
for the release of the lytic granule contents but not
for other secretory pathways, including the secretion of IFN-␥ from T cell antigen receptor
(TCR)–activated lymphocytes.35 Thus, hMunc13-4
is an essential effector of the cytolytic granule
pathway. Munc13-4–deficient lymphocytes can
make normal contacts with target cells, stable
conjugates, and polarize the lytic machinery as
effectively as do control lymphocytes. However,
when Munc 13-4 is lost in CTLs, cytotoxic granules dock at the membrane in the immunologic
synapse but are not released (see Figure 2B). This
supports a role for Munc 13-4 at a late step of this
pathway in exocytosis subsequent to docking.
Munc13-4 is most probably required at a priming
step of lytic granule secretion, following granule
docking and preceding plasma granule membrane
fusion.24,39,40 Of interest, Munc13-4 is expressed
in numerous cell type, including platelets and
lungs; however, the phenotype of patients with
FHL3 is not different from that of patients with perforin deficiency.
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Other Molecular Defects
Underlying FHL
Perforin and Munc 13-4 deficiencies account for
only two-thirds of patients with FHL. Other genes
are certainly involved and need further investigation. Analyses of new hereditary families with
affected siblings that harbour no perforin or
Munc13-4 mutations are needed and should outline other genes that are responsible for FHL.
Chédiak-Higashi Syndrome
A Cuban pediatrician first described ChédiakHigashi syndrome in 1943.41 Hematologic abnormalities associated with this rare disorder were subsequently reported in 1952 by Chediak,42,43 and the
presence of monstrous cytotoxic granules was
emphasized by Higashi in 1953.44 Chédiak-Higashi
syndrome is a rare autosomal recessive disorder
(approximately 200 cases are reported in the world)
characterized by variable degrees of occulocutaneous albinism, easy bruising and bleeding as a
result of deficient platelet dense bodies, recurrent
infections with neutropenia and impaired neutrophil functions (including impaired chemotaxis
and bactericidal activity), and abnormal NK-cell
function.44 Neurologic involvement is variable
but often includes peripheral neuropathy, and
patients with a milder expression of the disease are
frequently referred for this symptom in adulthood. Most patients are diagnosed during the first
decade of life. Death often occurs in the first
decade of life from infection, bleeding, or development of HS. HS is often triggered by ongoing
intracellular infection, including infection with
herpesviruses. The hallmark of Chédiak-Higashi
syndrome is the presence of huge cytoplasmic
granules in circulating granulocytes and many
other cell types (Figure 4A; see also Figure 2B).
These granules are peroxidase positive and contain lysosomal enzymes, suggesting that they are
giant lysosomes or (in the case of melanocytes)
giant melanosomes. The underlying defect in
Chédiak-Higashi syndrome remains elusive, but
the disorder can be considered as a model for
defects in vesicle formation, fusion, or trafficking.
The normal degradative functions of this compartment appear to be intact. The defect is apparent only in cells that require secretion of their

Figure 4 Illustration of hemophagocytosis and the
most prominent extrahematologic features of Griscelli
and Chédiak-Higashi syndromes. A, Hemophagocytosis in the bone marrow of a patient with familial hemophagocytic lymphohistiocytosis; arrow indicates an
activated macrophage that has ingested several red
blood cells. B, Partial view of the head of a child with
Griscelli syndrome 2, shown to emphasize the ashengrey colour of hair. Electron microscopy images of a
normal hair (left panel) and a hair of a person with
Griscelli syndrome (right panel) are shown below;
arrows indicate clumps of melanin specific for this
disease. A defect in any of the proteins (myosin Va,
RAB27A, or melanophilin) leads to identical pigmentary dilution in the three forms of Griscelli syndrome
and their mouse models. C, Blood smear taken from a
patient with Chédiak-Higashi syndrome. Arrows indicate large granules present in all cell lineages that orient the diagnosis toward Chédiak-Higashi syndrome.

lysosomes. This is seen in melanosomes, major histocompatibility complex class II compartments,
azurophilic granules, and lytic granules, yet no dysfunction is seen in conventional secretory cells that
use secretory granules. This is consistent with a
crucial role for the Chediak protein in cells that
have cytotoxic granules. The protein defective in
Chédiak-Higashi syndrome patients and in the
beige mouse model has been identified as the 419
kD Chédiak-Higashi syndrome 1/LYST protein.45,46
Given the length (13.5 kb) of the Chédiak-Higashi
syndrome 1 gene (CHS1), mutation screening is
a difficult task. In patients with the classic form
of Chédiak-Higashi syndrome, nonsense or
frameshift mutations leading to early truncation of
the protein have been reported. In contrast, missense mutations were identified in the few patients
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with a milder clinical course.45–48 The exact role
of LYST is still unknown. Overexpression of
LYST in deficient fibroblasts induces the production of unusually small lysosomes, suggesting
that LYST is involved in lysosome fission.
Recently, the domain of LYST that controls lysosome size has been mapped.49 The seemingly contradictory roles of increased membrane fusion (or
decreased membrane fission), leading to enlarged
lysosomes, and the inability of lysosomes to fuse
at the plasma membrane during secretion can be
explained if LYST acts to regulate membrane
fusion/fission events. This is compatible with
recent findings that LYST interacts with a soluble
N-ethylmaleimide–sensitive factor attachment
protein receptor (SNARE protein) involved in
membrane fusion.50 At what step of the exocytic
pathway does the function of Chédiak-Higashi
syndrome/LYST in membrane fusion/fission events
operate remains to be determined and is the object
of current work by different groups. Allogeneic
stem cell transplantation remains the only cure for
children with Chédiak-Higashi syndrome. Engraftment of donor cells ensures the correction of
hematologic abnormalities. However, CNS signs
associated with Chédiak-Higashi syndrome are
not treated through this procedure and increase with
the patient’s age. In a recent report, 14 patients with
Chédiak-Higashi syndrome who underwent successful stem cell transplantation early in the course
of their disease showed progressive neurologic dysfunction with neurologic deficits or low cognitive
abilities. These neurologic problems are not linked
to transplant-related morbidity or previous infections; they are caused by the underlying molecular defect and indicate that the benefits of correcting
the hematologic and immunologic aspects of the
disease must be weighed against the limitation of
neurologic and cognitive deficits occurring later
in life despite successful transplantation.51
Griscelli Syndrome
First described in 1978 as a syndrome associating
immunodeficiency with partial albinism, Griscelli
syndrome is an autosomal recessive heterogeneous disorder characterized by a pigmentary
dilution, a silvery gray sheen of the hair, and a typical pattern of uneven distribution of large pigment
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granules that is easily detectable by light-microscopic examination52,53 (see Figure 4B). Sunexposed areas of the patients’ skin are often hyperpigmented, and microscopic analysis of the
dermoepidermal junction will detect an accumulation of mature melanosomes in melanocytes,
contrasting with the hypopigmented surrounding
keratinocytes.52 Although this is a rare disease,
three genetic forms of the syndrome have been
defined, as follows:
1. Griscelli syndrome 1 (mutations in MYO5A,
a gene present on 15q21): pigmentary abnormalities associated with neurologic features,
including hypotonia and developmental
delay.54
2. Griscelli syndrome 2 (mutations in RAB27A,
a gene adjacent to MYO5A on 15q21)55: the
only form associated with HS and the only one
to be further discussed in this review.
3. Griscelli syndrome 3 (mutations in
melanophilin): isolated pigmentary
abnormalities.56
RAB27A plays an important role in
melanocytes and in cytotoxic function. Like
patients with Chédiak-Higashi syndrome, patients
with Griscelli syndrome 2 exhibit marked hypopigmentation, but unlike Chédiak-Higashi syndrome
patients, their lysosomes are normal in size. In
CTLs and melanocytes, RAB27A is required at a
late stage of secretion in order to leave the microtubule cytoskeleton and dock at the plasma membrane. 13,24 However, the precise function of
RAB27A differs in melanocytes and CTLs. In
melanocytes, RAB27A associates with the
melanosomal membrane and recruits melanophilin,
a synaptotagmin-like protein, which in turn interacts with myosin Va, an unconventional myosin
motor that moves along the actin cytoskeleton
and tethers the melanosome at the plasma membrane ready for pigment delivery. In CTLs,
RAB27A does not interact with either melanophilin
or myosin Va, and CTLs with mutated myosin Va
or melanophilin do not have impaired cytotoxic
activity. CTLs lacking RAB27A contain cytotoxic granules of normal size and morphology
that appear to polarize toward the MTOC nor-
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mally (see Figure 4B). However, electron
microscopy reveals that these granules remain
aligned, one behind the other, along the microtubules leading to the MTOC. They are unable to
dock at the plasma membrane in RAB27A-deficient CTLs, and together these observations suggest that RAB27A is required for the granules to
detach from microtubules before they can dock at
the plasma membrane. One important lesson to
emerge from studies of both the Chédiak-Higashi
and Griscelli syndromes is that although key proteins such as RAB27A play roles in lysosomal
secretion in many cell types, the precise composition of the secretory machinery varies from one
cell to another.
X-Linked Lymphoproliferative Syndrome
X-linked lymphoproliferative syndrome (also
called Purtilo’s disease) was first characterized by
an extreme susceptibility to EBV infection.57
Patients with this syndrome present with three
main phenotypes: fatal infectious mononucleosis, malignant B-cell lymphomas, and dysgammaglobulinemia. A patient can develop more than
one phenotype, particularly after exposure to EBV.
More than 70% of patients with X-linked lymphoproliferative syndrome die before the age of
10 years, and all patients with this disease die by
the age of 40 years. HS in these patients is fulminant and seems to be exquisitely triggered by the
encounter of patients with EBV. X-linked lymphoproliferative syndrome can result from mutations in the small SH2-domain-containing protein, SAP/SH2D1A/DSHP, which can associate
with several cell surface receptors of the SLAM
family of immune receptors. Recent findings indicate that SAP participates in intracellular signalling in immune cells and is required for the function of SLAM as a consequence of its capacity to
promote the recruitment and activation of the Srcrelated protein tyrosine kinase FynT.58 Of interesting, several studies have identified a role of SAP
in NK cell–mediated cytotoxicity through its association with members of the SLAM family (ie, 2B4
and NTB-A, which are both expressed on NK
cells and some CD8+ T cells).59,60 Several studies
show that engagement of 2B4 or NTB-A on these
cells activates degranulation-mediated cytotoxic-

ity.61 In contrast, when SAP is absent, these receptors play an inhibitory role in cytotoxicity.62 Thus,
cells from patients with X-linked lymphoproliferative syndrome exhibit a severe cytotoxic defect
through the engagement of these receptors,62–64
which could compromise their ability to kill EBVinfected B cells and could favour the occurrence
of HS.
Steps in Diagnosing Primary HS
Distinguishing primary forms from secondary
forms of HS is important not only in terms of
genetic counselling for this condition but also for
determining the appropriate therapeutic intervention. The occurrence of HS at a young age should
instigate the search for a genetic cause. Microscopic analysis of the hair shaft is an easy and reliable test for diagnosing Griscelli syndrome and
Chédiak-Higashi syndrome. In both conditions,
pigmentation dilution is characteristic, but there
is larger clumping of pigment in the hair shafts of
a patient with Griscelli syndrome than in the hair
shafts of a patient with Chédiak-Higashi syndrome (see Figure 4B). Carriers of these syndromes have normal pigmentation. The presence
of giant intracytoplasmic granules in all cells from
the hematopoietic lineage is a hallmark of ChédiakHigashi syndrome; this is easy to identify in a
blood smear (see Figure 4C) and rapidly ensures
diagnosis. If pigmentation dilution orients toward
Griscelli syndrome, sequencing of the RAB27A
gene allows confirmation of that diagnosis. In the
absence of HS, molecular diagnosis of Griscelli
syndrome is important for ruling out potential
RAB27A deficiencies, which should be treated by
allogeneic stem cell transplantation. In ChédiakHigashi syndrome, given the length of the CHS1
gene, mutation screening is not used as a routine
test for diagnosis and genetic counselling. An
unambiguous diagnosis of this condition can be
made without need for further genetic testing,
based on the characteristic hypopigmentation of
hair shafts and the presence of intracellular giant
granules. However, for genetic counselling of
families, segregation analysis of polymorphic
markers linked to the Chédiak-Higashi syndrome
locus on chromosome 1q43.2 in the family can be
used. In nonconsanguineous families, this approach
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requires the availability of a sample of deoxyribonucleic acid (DNA) from both parents and from
the patient to determine the affected haplotype in
the family. When parents are related, the identification of a shared haplotype at the ChédiakHigashi syndrome locus in the parents may overcome the unavailability of a DNA sample from the
patient. When HS is not associated with hypopigmentation, the biggest difficulty lies in differentiating between the primary (inherited) disease
(FHL) and a secondary HS disease. A positive
family history with previously affected family
members and/or consanguinity of the parents is
highly suggestive of an inherited form. The availability of biologic samples from family members
such as parents and siblings greatly helps the molecular diagnosis of genetic causes by rapid determination of the polymorphic markers segregating
with the disease locus. However, the lack of family history is not a reliable criterion for excluding
FHL. The study of the cytotoxic activity of T lymphocytes37,40 is a reliable test with which to diagnose the genetic forms of HS. About 30% of FHL
cases result from a perforin defect, which can be
rapidly identified by immunofluorescence analysis of perforin expression in resting cytotoxic
cells. In fact, the great majority of mutations so far
identified in FHL2 dramatically affect perforin
detection. Sequencing of the perforin gene will
confirm the diagnosis of FHL. Another group of
FHL cases (about 60%) is characterized by defective T-cell cytotoxic activity but normal perforin
expression. In half of these cases, sequencing of
the MUNC13.4 gene allows identification of FHL
from Munc13-4 deficiency. In the rest, the genetic
cause is not yet characterized. Defective Tlymphocyte cytotoxic activity is the signature of
a primary genetic cause of HS in 90% of cases. In
approximately 10% of FHL cases, however, defects
in T-cell cytotoxic activity cannot be evidenced.
In the absence of family history, these forms cannot be clearly distinguished from secondary forms
of HS, and they remain a diagnostic challenge.
Finally, the diagnosis of X-linked lymphoproliferative syndrome should be confirmed by
sequencing of the SAP gene and potentially by the
analysis of SAP protein expression, with the
knowledge that a significant number of patients
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with the X-linked lymphoproliferative syndrome–like phenotype do not have mutations in
this gene but potentially do have mutations in
other yet-uncharacterized genes.59,60
Acquired HS
Acquired HS can be as clinically, biologically,
and pathologically overwhelming as can inherited
HS. In remission phases of HS, patients with
acquired HS have normal NK-cell activity.
Rheumatoid Diseases
In the early 1980s, several reports described
patients with systemic-onset juvenile rheumatoid
arthritis (JRA) in whom a severe coagulopathy
resembling disseminated intravascular coagulation
developed.65 Such a coagulopathy was often associated with changes of mental status,
hepatosplenomegaly, increased serum levels of
liver enzymes, and sharp falls in blood counts
and erythrocyte sedimentation rates. In 1985, Hadchouel and colleagues linked these symptoms to
massive proliferation of activated nonneoplastic
macrophagic histiocytes with prominent hemophagocytic activity.66 The term macrophage activation syndrome (MAS) was eventually introduced in 1993 by Stephan and colleagues in a
follow-up report originating from the same centre.5 Over the following years, several more reports
from various countries described a number of
patients with very similar symptoms. MAS, reactive hemophagocytic lymphohistiocytosis (HLH),
and HS are different denominations of the same
clinical entity. Although HS has also been observed
in a small number of patients with polyarticular
JRA and in those with collagen diseases (including lupus, vasculitis, Kawasaki disease, dermatomyositis, and panniculitis), it is most commonly
seen in patients with the systemic form of JRA.67–69
It is still unclear why some individuals with
these rheumatologic disorders develop MAS during the course of their disease. A pathogen trigger
is often present, initiating HS in this setting. In a
study including seven patients with MAS,
decreased NK-cell activity was observed in all
patients, and decreased perforin expression was
found in two of the seven patients despite a nor-
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mal perforin 1 gene sequence.70 Decreased expression of SAP transcript has also been reported in
peripheral T cells of patients with JRA.71 A transient inhibition of the cytotoxic granule pathway
may be sufficient in a setting of immune system
disturbances such as systemic JRA or other
rheumatoid disorders. In these patients, pathogens
may not be properly cleared during the first wave
of infection, thus promoting the development of
very potent immune system activation and HS. The
hypothesis that impaired cytotoxic functions and
lack of immunoregulation by NK cells result in
MAS/HS in rheumatoid disorders remains to be
proven. What is clear is that both inherited HS and
acquired HS share the same immunologic abnormalities in terms of macrophage and T-lymphocyte
activation and expansion and should initially be
treated similarly, as overwhelming lymphocyte
activation.
Infection-Associated HS
In 1979, HS was described in a cohort of patients
who had serologic evidence of recent viral infections, and virus-associated HS was proposed as a
distinct clinical entity.72 Subsequently, HS has
been reported in association with a variety of
infections, and the term “reactive hemophagocytic syndrome” has been suggested to distinguish HS associated with an identifiable infectious
or noninfectious cause from its hereditary forms.
However, the reactive and hereditary forms of the
disease are difficult to distinguish; for example,
patients with familial forms of HS may have HS
after a documented infection. Case reports and case
series on the association of infections and HLH
have been summarized.26 The most frequent pathologic conditions that can cause HS are infection
by viruses (including viruses of the herpes family, human immunodeficiency virus, and adenovirus), fungal infections, bacterial and mycobacterial infections, and parasitic infection (including
visceral leishmaniasis and toxoplasmosis).11,73–86
Special emphasis should be given to EBVassociated HS. With the exclusion of inherited
disorders, this form of acquired HS seems more
severe than other types of infection-associated
HS. It is a recurrent overwhelming HS, and its outcome is often fatal despite optimal management.

The etiology of this syndrome remains poorly
understood (see below). The resolution of HS following treatment of the infection suggests that in
many cases, HS is secondary to the underlying
infection. A diagnosis that takes into account all
of the underlying diseases associated with HS
would be impractical, and formal guidelines for
evaluating patients with suspected infectionassociated HLH have not been established. Extensive testing for underlying infecting organisms
should be guided by epidemiologic data and the
patient's medical history.
Malignant Disorders and HS
HS has been shown to be associated with malignant histiocytosis.72 In regard to malignancies,
HS is mostly encountered in patients with T-cell
malignancies, especially T-cell lymphomas.87–89
It can be present at onset or during the course of
treatment and usually implies relapse or escape of
the leukemic clone from chemotherapeutic
agents.90 Although T lymphocytes lack the putative EBV receptor CD21, the presence of episomal EBV genome in T-cell lymphomas25,91–93 and
T lymphocytes from patients with virus-associated
HS is has been well described.94 EBV-positive
T-cell lymphomas appear to elaborate TNF-␣
more frequently than either EBV-positive B-cell
lymphomas or EBV-negative T-cell lymphomas. 25,93 Lay and colleagues induced the
expression of CD21 in T-lymphoma cell lines and
subsequently infected these cells with EBV. High
levels of TNF-␣, IFN-␥, and IL-1␣ were secreted
by these cells after EBV infection; when the lymphocytes were cocultured with monocytes,
enhanced phagocytosis by monocytes was
observed. The enhanced phagocytosis was eliminated by the addition of antibodies against TNF-␣
and IFN-␥.25,93 Clonal expansion of EBV-infected
T lymphocytes has been demonstrated in both
EBV-associated HS and EBV-positive T-cell lymphoma by the presence of homogeneous viral terminal repetitive sequences. EBV-infected cells
stain positive for such T-lymphocyte markers as
CD45RO and TCR-␤. Clonality of infected T
lymphocytes is further suggested by the finding of
monoclonal re-arrangements of the TCR-␤ gene
in EBV-associated HS.95 The distinction between
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the monoclonal proliferation of T lymphocytes
seen in EBV-associated HS and EBV-positive
T-cell lymphomas may describe the extremes of
a spectrum of disordered T-lymphocyte proliferation and cytokine elaboration following EBV
infection of T lymphocytes. It is unclear whether
clonal proliferation of T lymphocytes occurs in HS
that is associated with pathogens other than EBV.
The fact that these syndromes seem more likely
to resolve with control of the underlying infection
suggests that this may not be the case.72

Treatment of HS
HS is a severe disease that is associated with considerable morbidity and mortality unless proper
management is undertaken. Early recognition of
this syndrome and immediate aggressive therapeutic intervention are critical and may prevent the
development of the full-blown syndrome. Immunosuppression-based therapeutic strategies have revolutionized management and clearly outline the
central role of T cells in disease initiation and
maintenance.

Primary HS
Treatment of primary HS needs to be considered
in two steps: (1) managing current HS and potential infectious triggers and (2) preventing HS from
recurring. There are currently two major therapeutic options for the management of HS in hereditary disorders. A historical line of treatment with
guidelines developed by the Histiocyte Society and
summarized in the HLH-94 treatment protocol is
available.96 On the basis of the former suspicion
that HS might be caused by malignant histiocytes,
this group previously instated a regimen associating high-dose parenteral corticosteroids and
etoposide injections. More recently, Cyclosporin
A was added to this regimen, along with other modifications. Etoposide is a chemotherapeutic agent
that kills histiocytes (tissue macrophages) and
was chosen accordingly. However, this drug has
been associated with secondary leukemias and
liver toxicity, as well as a dose-dependent increase
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in the rate of veno-occlusive disorders following
stem cell transplantation in patients receiving this
medication. Although it is effective in treating
HS, this protocol does not fully take into consideration the key role of T-cell activation in HS.
Moreover, to our group, the use of etoposide seems
unjustified as a first line of action because of its
potential side effects and its lack of a specific target, and thus we feel that its use should be restricted
to HS associated with malignancies. Data from
molecular analyses of the known causes of hereditary disorders associated with HS undoubtedly
show that HS is an immunologic disease and outline T cells as key targets for therapeutic intervention. A more recent protocol that takes this
aspect into consideration offers an immunosuppressive regimen combining high-dose antithymocyte globulins (ATGs), high-dose parenteral
methylprednisolone, and cyclosporin A.4,33 (Thymocytes are lymphocytes; ATG derived from rabbits is preferred to that derived from horses.) This
approach has proved repeatedly effective in obtaining good-quality remissions of HS and is currently part of the guidelines of the European Society of Immunodeficiencies, part of the European
Group for Bone and Marrow Transplantation
(EBMT).33 Special attention should be given to
CNS involvement in HS cases. Beside high-dose
corticosteroids, the medications used have poor
CNS penetration. In the case of a positive lumbar
puncture (LP), repeated local injections of
methotrexate in doses similar to those administered
for childhood acute lymphoblastic leukemia are
needed. Even if the LP is negative, CNS prophylaxis should be instituted until the time of stem cell
transplantation (Table 2).
The only therapeutic means of preventing HS
from reoccurring is hematopoietic stem cell transplantation (HSCT). From the moment the diagnosis
of HS is established and an inherited cause is suspected, a search for the most appropriate source
of hematopoietic stem cells should be undertaken,
even if molecular investigations to characterize the
defect are ongoing. A diagnostic and therapeutic
dilemma remains for sporadic de novo (nonfamilial) cases of FHL that do not involve FHL2 or
FHL3 as a molecular defect in children who are
over 3 years of age and exhibit borderline NK-cell
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Table 2
Guidelines of the European Bone Marrow Transplant/European Society for Inborn Errors group
for the treatment of inherited hemophagocytic syndromes.
1- Intra-venous Methylprednisolone:
• day 1 to day 2 (48 hours) 5mg/kg/d divided in 2 doses
• day 3 to day 4 (48 hours) 3mg/kg/d divided in 2 doses
• day 4 2mg/kg /d till disease control and serum levels of ciclosporine A of ~200-300 ng/ml, then taper
to full stop previous to stem cell transplantation.
2- Rabbit anti-thymocyte globulins (ATG)
• Day1 to day 5 (5 days) 10mg/kg/d IV infusion over 6-12 hours
3- Cyclosporine A
• begin 48-72 hours after initiating ATG
• 3mg/kg/d in continuous or in 1 hour BID infusion
• aim is to have serum levels within 200-300 ng/ml
• give oral treatment whenever disease is controlled and maintain until the beginning of the conditioning
regimen for stem cell transplantation.
4- Intrathecal Methotrexate (MTX)
Doses: as per acute lymphoblastic leukemia protocols,
6mg
age 0-1 year
8mg
age 1-2 years
10mg
age 2-3 years
12 mg
age >3 years
Regimen: DO NOT EXCEED 8 IT treatments
Presence of Central Nervous system involvement on imaging or lumbar tap
2 LPs/week for 2 weeks
1 LP/week optimally up to Stem Cell Transplant
Absence of Central Nervous Involvement at diagnosis
1 LP/week optimally up to Stem Cell Transplant

activity. In all other cases, HSCT is mandated and
will exclusively correct hematologic abnormalities. Ideally, an HLA genotypically identical nonaffected sibling is available, and HSCT with this
donor type is successful in 85% of cases.33,97,98
Matched unrelated T-depleted haploidentical or
cord blood transplantations have also been performed with variable success and a 5-year survival
rate ranging from 55 to 75%, depending on the
series.33,97,98 In 20% of cases, two iterative HSCTs
were required to ensure engraftment or maintain
chimerism.33 We here also support a conditioning
regimen that does not include etoposide and combines rabbit ATG with conventional
busulfan/cyclophosphamide. Tables 2 and 3 list
guidelines recommended by the EBMT Inborn

Errors Working Party for the treatment of HS as well
as for the conditioning of patients with FHL, Griscelli
syndrome 2, and Chédiak-Higashi syndrome.

Acquired HS
Rheumatoid Disorders
The treatment strategy for MAS/HS is based on
the parenteral administration of high doses of
methylprednisolone.67 After normalization of coagulation and hematologic abnormalities, a slow
taper is then performed. Frequently, MAS is resistant to corticosteroids, and cases with fatal
evolutions despite the administration of massive

Pediatric Hemophagocytic Syndromes — Jabado et al

155

Table 3
Guidelines of the European Bone Marrow Transplant/European Society for Inborn Errors group for
conditioning regimen for hematopoietic stem cell transplant of inherited hemophagocytic syndromes.
In all cases it is strongly recommended to obtain optimal control of hemophagocytic syndrome previous
to undertaking hematopoietic stem cell transplant.
A- Genotypical identical donor
• Rabbit ATG day-14 to –10 (5 days), dose 10mg/kg/day
• Busulfan: day –10 to –7; age <6y 5mg/kg/day X 4;age>6y 4mg/kg/dayX 4
• Cyclophosphamide: day –5 to –2; 50mg/kg/day X 4
B- Matched unrelated donor/Phenotype identical related donor/HLA-nonidentical haplo or mismatched family
donor.
• Rabbit ATG day-14 to –10 (5 days), dose 10mg/kg
• Busulfan: day –10 to –7; age <6y 5mg/kg/day X 4;age>6y 4mg/kg/dayX 4
• Cyclophosphamide: day –5 to –2; 50mg/kg/day X 4
• Positive selection of CD34+ cells in Stem cell source aiming to have T cell counts <104/kg
• Ciclosporine A if T cell counts above 104/kg despite positive selection of CD34+ cells

doses of steroids have been described.67 Parenteral
administration of cyclosporin A at a dosage of 2
to 8mg/kg/d has revolutionized outcomes.4,87,99
There are anecdotal reports on the use of etoposide and intravenous immunoglobulins for treatment of MAS; the results conflict, and we do not
suggest the use of these drugs in MAS cases.
Therapies that inhibit T-cell function may be
expected to make patients with JRA more susceptible to the development of HS in the face of
infection; on theoretical grounds, therefore, one
may recommend that such drugs be reduced transiently during episodes of infection.
Infection
A short course of intravenous methylprednisolone
(1–2 mg/kg/d) is often sufficient in treating HS
associated with bacterial, parasitic, and fungal
infections. This treatment is given in concert with
adequate antiinfectious agents, and it must be
administered for the shortest time necessary for
correction of the most life-threatening symptoms
associated with HS because of the added immunosuppression in the context of severe infection.
EBV-associated HS remains a therapeutic challenge and often has a fatal outcome despite aggressive management. We suggest that this form be
treated as HS associated with inherited disorders.
New antiviral drugs such as cidofovir or ribavirin

may be useful; however, the results achieved with
these drugs in the treatment of other B lymphoproliferative disorders associated with EBV are
conflicting. Consideration should be given to the
use of IVIG in infection-associated HS, to minimize the risk of immunosuppression.
Malignancies
In malignancies, a short pulse of intravenous steroids
(2 mg/kg/d) is usually administered along with
conventional chemotherapy adapted to the underlying disease. With the destruction of the malignant
clone, resolution of HS is often seen and no additional treatment is needed. Etoposide (100 mg/m2
per dose) as per the HLH-94 protocol96 can be considered in case of resistance to corticosteroids.

Supportive Care
All HS patients should be hospitalized in tertiary
care centers with an intensive care unit at hand.
Inherited disorders often have overwhelming
rapidly progressive HS; however, this can also
be encountered in cases of acquired HS. Priority
should be given to obtaining central venous line
access, instating transfusional support, and managing (whenever possible) infectious triggers.
Managing hyponatremia and kidney and liver fail-
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ures should be ad hoc, especially because of the
unavoidable use of nephrotoxic antiinfectious and
immunosuppressive drugs.

Conclusions
Because so many immunologic, neoplastic,
genetic, and infectious disorders may be associated with hemophagocytic syndrome, the management of this syndrome clearly calls for a multidisciplinary approach among experienced
clinicians, pathologists, and microbiologists to
define the diagnosis and the precipitating or underlying illnesses. Another big challenge is to characterize, on a molecular level, yet-unknown genes
responsible for diseases such as familial hemophagocytic lymphohistiocytosis and X-linked lymphoproliferative syndrome. This should also
improve the understanding of the fine regulation
of T-cell responses, an area of major therapeutic
impact.
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