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Abstract Hemophagocytic lymphohistiocytosis (HLH) is a
syndrome of extreme inflammation occurring in association
with genetic defects involving the granule-dependent cytotox-
ic pathway of CD8+ T cells or NK cells and/or a wide variety
of triggers including infections, malignancies, and rheumato-
logic disorders. Because of its relative rarity and the non-
specific nature of the individual clinical and laboratory abnor-
malities comprising the characteristic Bpattern^ of HLH, the
diagnosis can be elusive. Furthermore, some of the laboratory
tests included in the diagnostic criteria are time-consuming or
not widely available, and since many of these patients are
critically ill, HLH must be considered early on so that the
diagnosis can be established and potentially life-saving treat-
ment initiated. Since the diagnosis of HLH is truly a clinico-
pathologic correlation, in this article, we as a team of pediatric
clinical and laboratory physicians will use exemplary cases
from our own institution with a variety of clinical pre-
sentations to illustrate the many Bfaces^ of HLH; decon-
struct the diagnosis; point out some of the challenges,
limitations, pearls and pitfalls; and make it easier to
understand the pathophysiology in context. However,
while we may see relatively more cases working in a
tertiary care children’s hospital, HLH is a disease of
both children and adults.
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Illustrative cases

Case 1

The patient was a previously healthy black 4-month-old girl
transferred from an outside hospital. Two weeks prior, she had
developed low-grade fever and a rash which was initially at-
tributed to a viral exanthem, but because of worsening fever
(to 40 °C), she presented to the emergency department (ED),
was found to have a platelet count of 70×103/mL, admitted
for further evaluation including a full septic work-up, and
started on empiric antibiotics. Her white blood cell count,
hemoglobin, and platelet count all progressively declined
(with a nadir absolute neutrophil count of 0.2×103/mL, hemo-
globin dropping to 6.6 g/dL, and 21×103/mL platelets) and
she developed mild hepatosplenomegaly which was con-
firmed by abdominal ultrasonography, prompting bone mar-
row examination which showed no evidence of leukemia,
neuroblastoma, or hemophagocytosis. Although initially her
ferritin was 17 ng/dL, at the outside hospital it ultimately
reached the 500 s, while fibrinogen decreased to <100 mg/
dL. Steroids were begun as treatment for HLH shortly after
transfer to our institution and while an infectious etiology was
not uncovered, additional testing revealed a ferritin of
4873 ng/mL, sCD25 level of 34,826 U/mL (age-specific ref-
erence range: 334–3026), absent NK cell function, and com-
pound heterozygosity for two previously described mutations
in PRF1 that are associated with familial HLH. Her initial
cerebrospinal fluid (CSF) showed a minimally elevated pro-
tein without pleocytosis which normalized within 2 weeks of
therapy and never exhibited neurologic symptoms. Three
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months later, she underwent allogeneic hematopoietic stem
cell transplant. Ferritin and sCD25 were monitored on an out-
patient basis until the time of transplant.

Important points are as follows:

1. The patient’s clinical condition evolved as did the evi-
dence for HLH.

2. At her age, familial HLH was suspected and ultimately
confirmed on mutation analysis.

3. HLH-associated gene mutations vary by race/
ethnicity as well as age: For example, while PRF1
mutations comprise the majority of identified genet-
ic abnormalities observed in North American black
patients like this child, they account for only about
one quarter of mutations in whites.

4. Hemophagocytosis was not conspicuous on review of the
outside bone marrow slides or a subsequent specimen
obtained in-house. Nevertheless, hemophagocytosis is
neither sensitive nor specific for HLH (and its absence
should not deter one from the diagnosis especially when
the evidence is otherwise compelling), but bone marrow
examination can be useful to evaluate for a potentially
treatable condition such as a malignancy associated with
HLH or altogether attributable for the presenting signs
and symptoms.

Case 2

This 15-year-old previously healthy Hispanic boy was trans-
ferred to our hospital after presenting to the ED of an outside
hospital with complaints of abdominal pain, vomiting, and
jaundice. Laboratory findings were significant for aspartate
aminotransferase of 3010 IU/L, alanine aminotransferase of
2686 IU/L, total bilirubin of 6.6 mg/dL, and an international
normalized ratio (INR) of 1.4. Hepatitis viral panel was neg-
ative. Two days later, he had returned to the ED with slightly
higher transaminases, total bilirubin, and INR. Albumin was
low at 3.3 g/dL and acetaminophen (paracetamol) level was
<2 mcg/mL.

In our hospital, the etiology of the acute hepatitis could not
be determined after an extensive and unrevealing work-up for
infection (viral hepatitides A, B, C, and E; Epstein-Barr virus
[EBV], cytomegalovirus), ischemia, drug-induced or autoim-
mune hepatitis, and Wilson’s disease.

The next CBC in our laboratory (obtained by hepatology
within 2 weeks of discharge) showed 31 % blasts. Subsequent
flow cytometry immunophenotyping and bone marrow exam-
ination confirmed B lymphoblastic leukemia.

Liver dysfunction, namely cholestasis, complicated treat-
ment of the leukemia but a liver biopsy done 2 weeks after
diagnosis demonstrated nodular transformation of the paren-
chyma with widened septa, prominent red cell extravasation,

and fibrosis enveloping some of the lobules but only minimal
steatosis. Mixed portal and sinusoidal infiltrates comprised an
increased number of CD68-positive histiocytes and CD8-
positive lymphocytes, which far outnumbered CD4-positive
lymphocytes. B cells were present in the portal areas and
expressed CD10, CD20, PAX-5, and TdT, supporting liver
involvement by B lymphoblastic leukemia as well as features
compatible with HLH in the context of elevated sCD25 and
ferritin, and decreased NK cell function (Fig. 1a–c). Subse-
quently, a combination of flow cytometry studies (SAP and
XIAP) and PRF1 sequencing to screen for genetic HLH were
performed.

Important points are as follows:

1. HLH can be associated with a variety of malignancies as
well as a hepatitis-type presentation, and certain histologic
features on the liver biopsy can be suggestive of HLH.

2. The underlying malignancy must be treated for the HLH
to resolve.

3. Even if a malignancy appears to be the trigger for HLH,
the patient should be worked up to determine whether
there is a genetic predisposition for HLH.

4. Flow cytometry for perforin/granzyme B and CD107a
degranulation (and SAP and XIAP in males) can provide
a more rapid and potentially more cost-effective approach
than sequencing multiple genes simultaneously.

Case 3

Patient 3 was a white boy diagnosed at the age of 3 years with
ileocecal Burkitt lymphoma after suffering abdominal pain for
3 months. Conventional cytogenetic analysis of the mass re-
vealed t(8;9)(q24.1;p13) accompanied by either +12 or a
marker chromosome, with MYC rearrangement confirmed
by interphase fluorescence in situ hybridization (FISH) stud-
ies. He was brought back to the operating room 2 months later
for adhesive bowel obstruction but completed chemotherapy
2 months after that per POG 9317 protocol. Three years later,
he had another small bowel obstruction, this time from tumor
adhesion. The resection specimen again revealed Burkitt lym-
phoma with only two analyzable metaphases, one of which
demonstrated t(8;14)(q24.1;q32) (FISH to metaphase proving
MYC-IGH fusion) and der(18)t(1;18)(q21;p11.3). He subse-
quently attained complete remission after undergoing RICE
(rituximab, ifosfamide, carboplatin, etoposide) chemotherapy
followed by autologous stem cell transplant, the latter compli-
cated by prolonged hypogammaglobulinemia. At the age of
9 years, the patient developed a rash, intermittent fevers to
39.4 °C, myalgias/arthralgias, and cervical lymphadenopathy.
BAtypical lymphocytes^ were seen on the peripheral blood
film (Fig. 2a) and EBV viral load testing demonstrated >1,
000,000 copies/mL. Anti-EBV IgM antibody was positive
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while IgG was negative. Because of worsening respiratory
status with increased work of breathing and retractions, he
was admitted directly to the pediatric intensive care unit. Pleu-
ral fluid cytology and bone marrow examination both showed
no evidence of Burkitt lymphoma but themarrowwas remark-
able for a striking relative erythroid hyperplasia/granulocytic
hyperplasia, reactive-appearing lymphocytes (predominantly
CD8-positive T cells) and increased histiocytes, some
performing hemophagocytosis. In situ hybridization for
EBV-encoded small RNAs (EBER) showed numerous posi-
tive nuclei (Fig. 2b–e). In addition, he had significant neutro-
penia and thrombocytopenia, hypertriglyceridemia of 341 mg/
dL (30–74), hypofibrinogenemia, and an elevated ferritin of
6975 ng/mL.

He died 2 days later, and pre-mortem blood samples were
sent shortly thereafter for SH2D1A and BIRC4 sequencing to
evaluate for X-linked lymphoproliferative disorder (XLP). A
274C>T (Q92X) non-sense mutation was identified in
SH2D1A, and a diagnosis of XLP-1 was established.

Important points are as follows:

1. EBV is the most common viral trigger for HLH.
2. XLP is associated not only with fulminant, often fatal

infectious mononucleosis, but also B-cell lymphomas (in-
cluding Burkitt lymphoma) and HLH and should be con-
sidered in boys with Brecurrent^ Burkitt lymphoma or
boys whose male siblings or relatives have also been

diagnosed with Burkitt lymphoma. It is our current prac-
tice to consider screening male patients with Burkitt lym-
phoma at diagnosis for XLP.

3. Genetic consultation should be offered to family members
of individuals carrying a molecular diagnosis consistent
with HLH, not only to determine their own personal risk
of HLH but for family planning as well as identifying an
appropriate (uninvolved) allogeneic hematopoietic stem
cell donor.

Case 4

This previously healthy 13-year-old girl was transferred
to our institution with pancytopenia and concern for
rheumatologic disease after several weeks of fatigue,
weight loss, occasional fevers and chills, lower back
and thigh pain, and subsequent appearance of oral ul-
cers. At an outside ED, imaging revealed intra-
abdominal lymphadenopathy and mild splenomegaly.

She continued to have pain with intermittent tactile
fevers and returned to her pediatrician where laboratory
testing revealed pancytopenia. She was referred to an
oncologist for bone marrow examination which showed
a Bcellular marrow with active hematopoiesis in all cell
lines,^ Bno leukemic infiltrate or other tumor seen^ and
Bno excessive hemophagocytosis detected^ but was

Fig. 1 a Liver wedge biopsy
showing nodular transformation
of the hepatic parenchyma with
widened septa and prominent red
blood cell extravasation. Steatosis
was minimal. b–d Representative
portal area with predominance of
CD8+ cytotoxic/suppressor T
cells over CD4+ helper T cells
and increased number of CD68+
histiocytes (both also present
though less prominent in the
sinusoids), accompanied by TdT+
leukemic infiltrate
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subsequently admitted to another hospital for dehydra-
tion. There she was found to have worsening of her
cytopenias accompanied by elevated transaminases, acti-
vated partial thromboplastin time (117.6 seconds) and
erythrocyte sedimentation rate (ESR; >140 mm/h), and
a positive anti-nuclear antibody. She was referred to our
hospital for further work-up and management.

At our hospital, she was diagnosed with systemic
lupus erythematosus and likely macrophage activation
syndrome on the basis of splenomegaly, cytopenias,
hemophagocytosis on our review of the marrow, absent
NK cell function, and elevated ferritin, sCD25 of
2726 U/mL (45–1105) and serum neopterin. Her ESR
decl ined with t rea tment (ora l and int ravenous

corticosteroids, cyclosporin A, and hydroxychloroquine)
though her hospital course was complicated by cata-
strophic antiphospholipid syndrome.

Important points are as follows:

1. HLH can occur in the setting of collagen vascular disease
and is referred to as Bmacrophage activation syndrome^ in
the rheumatology literature.

2. BHemophagocytosis^ is subjective and as a criterion for
HLH not clearly defined.

3. It is not widely recognized that reference ranges for
sCD25 vary significantly by age; note that while this pa-
tient’s sCD25 is nearly 2.5 times the upper limit of normal
for her age, it would be considered normal for patient 1.

Fig. 2 a Peripheral blood smear
with reactive lymphocytes. b
Bone marrow aspirate with
erythroid hyperplasia/
granulocytic hypoplasia, reactive
lymphocytes, and no evidence of
Burkitt lymphoma but increased
histiocytes, some performing
hemophagocytosis. c–e
Hypercellular bone marrow core
biopsy with predominance of
CD8+ cytotoxic/suppressor T
cells over CD4+ helper T cells,
increased number of CD68+
histiocytes, and numerous EBV+
nuclei
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Diagnosis and pathophysiology

There are two ways to establish a diagnosis of HLH

The diagnostic criteria for HLH have evolved over the
past 20+ years based on the collaborative efforts of the
Histiocyte Society. The standard criteria defining HLH,
formally defined in the international HLH-94 clinical
trial, were revised for the HLH-2004 trial and are listed
in Table 1, adapted from [1].

Jordan et al. divide these criteria into three categories to
reflect causality and sequence in HLH: predisposing immuno-
deficiency, significant immune activation, and abnormal im-
munopathology [1]. Low or absent NK cell function and ge-
netic defects involving the granule-dependent cytotoxic path-
way of NK and cytotoxic CD8+ T cells underlie predisposing
immunodeficiency; stated another way, intact cytotoxic func-
tion is necessary for regulating and terminating the inflamma-
tory response. Therefore, defects in this pathway lead to
prolonged activation of T cells and macrophage histiocytes
and a toxic hypercytokinemia with resultant end-organ dam-
age [2]. Immune activation is reflected by fever, splenomega-
ly, and elevated ferritin and sCD25 (from macrophage histio-
cyte and T cell activation, respectively) and permits the devel-
opment of immunopathology, manifesting as cytopenias, de-
creased fibrinogen or increased triglycerides, and
hemophagocytosis. Other features such as hepatitis and cen-
tral nervous system (CNS) involvement, though not included
in these criteria, are relatively common. The individual diag-
nostic criteria will be discussed in greater detail below as we
deconstruct HLH.

Molecular diagnosis of HLH

As above, defects involving the granule-dependent cytotoxic
pathway of NK and cytotoxic CD8+ T cells characterize

genetically determined HLH, which has an autosomal reces-
sive or hemizygous pattern of inheritance. Normally, these
effector cells are able to mediate immune contraction via
granule-dependent cytotoxicity to target cells. This occurs
through a complex interplay of proteins involved in the traf-
ficking, docking, priming for exocytosis or membrane fusion
of granules which diffuse across the immunologic synapse to
access the cytoplasm of the target cell (perforin) and activate a
cascade of caspases (granzyme B), ultimately leading to its
death through apoptosis. While the genetic defects identified
to date compromise the cytotoxic function of NK and CD8+ T
cells, neutrophil and platelet degranulation can also be affect-
ed, which explains an association in some cases with inflam-
matory bowel disease and bruising/bleeding. Table 2 summa-
rizes the genes, types of mutations, proteins they encode and
associated features in genetically determined HLH [1, 3–13].

The general NK cell function test (discussed below) is im-
portant, but one of its limitations is that it does not enable one
to reliably distinguish between primary and secondary HLH.
Nowadays, as illustrated by case 2, more specific flow cytom-
etry assays are available to screen for some of the genetic
abnormalities described in HLH, whose turnaround time is
measured in days rather than the weeks sequencing typically
requires. Initially, girls and boys should be evaluated for
perforin/granzyme B protein expression to screen for PRF1
abnormalities and if perforin is decreased, PRF1 sequencing
should be performed. If perforin is normal or increased, girls
should reflexively undergo flow cytometry for CD107a mo-
bilization [14]. Boys should be tested for signaling lympho-
cyte activation molecule (SLAM)-associated protein (SAP)
and X-linked inhibitor of apoptosis protein (XIAP) encoded
by SH2D1A and BIRC4 and mutated in XLP-1 and XLP-2,
respectively [15, 16], and if SAP and XIAP are normal,
CD107a mobilization should be performed next. CD107a (al-
so known as lysosomal-associated membrane protein 1, or
LAMP1) colocalizes with perforin in the lytic granules of both

Table 1 HLH-2004 diagnostic criteria

A. Molecular diagnosis consistent with HLH: pathologic mutations of PRF1, UNC13D, Munc18-2, Rab27a, STX11, SH2D1A, or BIRC4; or

B. Five of the following eight criteria are fulfilled:

1. Fever of ≥38.5 °C

2. Splenomegaly

3. Cytopenias (affecting at least 2 of 3 lineages in the peripheral blood)

Hemoglobin <9 g/dL (in infants <4 weeks of age, hemoglobin must be <10 g/dL)

Platelets <100×103/mL

Neutrophils <1×103/mL

4. Hypertriglyceridemia (fasting, >265 mg/dL) and/or hypofibrinogenemia (<150 mg/dL)

5. Hemophagocytosis in the bone marrow, spleen, lymph nodes, or liver

6. Low to absent NK cell activity

7. Ferritin >500 ng/dL (some authors consider a ferritin >3000 ng/dL Bconcerning for^ and >10,000 ng/dL Bhighly suspicious^ for HLH)

8. Elevated sCD25 (sIL-2 receptor α-chain) (elevated >2 SD from the mean of age-adjusted, laboratory-specific normal levels)
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NK and CD8+ T cells, with engagement of activating recep-
tors in the case of the former and the T cell receptor on the
latter, leading to surface expression of CD107a, which reflects
exocytosis of the granules. As one might predict, abnormally
low-resting NK cell degranulation can be used to screen for
abnormalities in UNC13D, STXBP2, RAB27A, and STX11
[14] but will be normal in HLH associated with mutations in
PRF1, SH2D1A, BIRC4, and Bsecondary^ HLH (HLH trig-
gered by infection, rheumatologic disease, or malignancy—
though it must be remembered that infection sometimes un-
masks genetic HLH as in case 3 above). However, leukopenia/
lymphopenia may preclude an accurate flow cytometric eval-
uation, in which case sequencing should be pursued.

Clinical and laboratory criteria

1. Fever: This is one of the most consistent features in HLH,
seen in about 91 % of patients [17]. Worthy of additional
comment is the observation that fever is uncommon in
HLH during the neonatal period (particularly in preterm
infants) when HLH can be mistaken for sepsis [2].

2. Splenomegaly: Approximately 84 % of patients with
HLH are found to have splenomegaly. Although not cur-
rently one of the diagnostic criteria, hepatomegaly is even
more frequent, present in 90–95 % [2].

3. Cytopenias: Greater than 80% of patients with HLH have
anemia and thrombocytopenia [1]. It is likely that the

cytokine milieu, rich in tumor necrosis factor (TNF) alpha
and interferon (IFN) gamma, plays a prominent role in the
suppression and inducing apoptosis of blood elements,
instead of being attributable solely to hemophagocytosis
[18–20].

4. Hypertriglyceridemia and/or hypofibrinogenemia: In a re-
v i e w o f f a m i l i a l a n d s e c o n d a r y H L H ,
hypertriglyceridemia/hypofibrinogenemia was only seen
in 60–70 and 40 % of cases, respectively [4]. Elevated
triglycerides are the result of decreased lipoprotein lipase
activity due to elevated levels of TNF alpha and IFN
gamma [19, 20]. Fibrinogen is decreased in HLH because
of high plasmin levels and hyperfibrinolysis as a
result of activated macrophages secreting plasmino-
gen activator [20].

5. Hemophagocytosis: As illustrated in the first two cases
above, hemophagocytosis is neither a necessary nor suf-
ficient criterion for the diagnosis of HLH. More common
causes of hemophagocytosis include blood transfusion,
infection, and autoimmune disease among others [1]. In
a study of 21 pediatric patients with HLH, the sensitivity
of hemophagocytos i s (def ined as 1 or more
hemophagocytic cell among 500 nucleated cells exam-
ined) was only 58 %. Furthermore, all of these patients
were diagnosed with HLH regardless of the presence of
absence of hemophagocytosis [21]. Goel et al. subse-
quently compared six marrow aspirates from three HLH

Fig. 3 Additional case 1: 3-year-
old boy with skin nodules
clinically suspected to represent
deep fungal, mycobacterial,
Nocardia, or Actinomyces
infection and found to be
anaplastic large cell lymphoma
(ALCL), ALK+, associated with
HLH. As one might expect, HLH
not uncommonly complicates T
and NK cell malignancies. a–b
Punch biopsy of representative
skin lesion showing deep dermal
and subcutaneous infiltrate of
ALCL. c–e The bonemarrowwas
not involved by ALCL but
hemophagocytosis was quite
conspicuous

J Hematopathol (2015) 8:113–125 119



patients to 20 random control marrows and found that rare
hemophagocytosis can be seen outside of HLH and also,
although statistically significantly differences in
hemophagocytosis are observed in HLH (0–0.31 %;
mean, 0.082 %) versus controls (0–0.04 %; mean,
0.009 %), Boverlap…precludes using hemophagocytosis
as a reliable indicator of HLH^ [22]. More recently, Ho
and colleagues found no correlat ion between
hemophagocytosis on aspirate or core biopsy and disease
probability [23]. Some investigators have proposed that
CD68 or CD163 immunohistochemistry be performed on
bone marrow core biopsies in HLH but we are not aware
of any classical studies detailing the normal quantity and
distribution of CD68- and/or CD163-positive cells in the
bone marrow. Hemophagocytosis can also be identified in
other reticuloendothelial organs including the liver. Chen
et al. reviewed 25 liver specimens from 19 pediatric HLH
patients and described four histopathologic patterns:
chronic hepatitis-like, leukemia-like, histiocytic storage
disorder-like, and neonatal giant cell hepatitis-like. Com-
mon to all cases were portal and sinusoidal infiltrates of
CD3+, CD8+ granzyme B+ lymphocytes and CD68+,
CD1a-histiocytes performing hemophagocytosis. Addi-
tionally, endothelialitis of portal and central veins and
lymphocyte-mediated bile duct injury were present [24].

6. Low or absent NK cell activity: This is an important test
though not widely available and labor-intensive, often
involving radioactivity. It is not simply a quantitative as-
say to determine the number of NK cells present but rather
their function. However, limitations include the fact that
many HLH patients have few circulating NK cells and the
inability of this assay to distinguish between primary and
secondary HLH [14]. Nevertheless, in a study of familial
HLH patients as well as their asymptomatic parents and
siblings, impaired NK-function was observed in all of the
patients and some of their relatives, but not in >100 adult
and >50 pediatric controls [25]. Therefore, while useful in
the diagnosis of HLH, results must be interpreted with
caution in siblings of familial HLH patients if being used
to predict their risk of developing the disease.

7. Hyperferritinemia: Ferritin has two primary roles in the
body. The first is as an intracellular store of iron, and the
second is as serum ferritin, an acute phase reactant re-
leased from dying cells or from breakdown of red blood
cells [26]. The current cutoff for ferritin under the HLH-
2004 criteria is 500 ng/dL, which provides a sensitivity of
84 % [27]. This number was derived from 31 children
with familial disease on whom ferritin levels were avail-
able. A subsequent study of 330 patients at Texas Chil-
dren’s Hospital whose ferritin was >500 ng/dL revealed
that a ferritin level greater than 10,000 ng/dL was 90 %
sensitive and 96 % specific for HLH, though only 10
patients had HLH [28]. More recently, 2000 ng/dL was

proposed as a compromise with a sensitivity of 70 % and
specificity of 68 % and similar results between familial
and virus-associated acquired HLH. With a much larger
cohort of patients with HLH (123) versus other
hyperferritinemic conditions (320), a cutoff of 10,
000 ng/dL would have a sensitivity of only 29 % [29].
However, in adults, marked hyperferritinemia (exceeding
50,000 ng/dL) is associated more frequently with renal
failure, hepatocellular injury, infection, hematologic ma-
lignancy, and rheumatologic/inflammatory conditions
than with HLH; therefore, ferritin appears to be a more
specific marker of HLH in children than in adults [30].

8. Elevated sCD25: CD25 is the alpha chain of interleukin
(IL)-2 receptor. Elevated soluble CD25 reflects T cell ac-
tivation and in the HLH-2004 review by Henter et al. was
stated to have a sensitivity of 93 % [27].

Other diagnostic tests and scenarios

HLH is characterized by a systemic cytokine storm which
underlies organ dysfunction. These cytokines include IL-1
beta, TNF alpha, IL-6, IL-8, IFN gamma, IL-18, and IL-10.
As above, elevated levels of sCD25 and IFN gamma reflect T
cell activation, while macrophage histiocyte activation results
in high ferritin, CD163, and neopterin. Xu found that a spe-
cific cytokine profile with markedly elevated IFN gamma and
IL-10 and modestly elevated IL-6 has high diagnostic accura-
cy for HLH and can be used to differentiate it from infection in
febrile children [31].

At our institution, serum neopterin is also ordered frequent-
ly in the work-up of HLH. Ibarra and colleagues, in a study
comparing 21 HLH patients (3 with familial and 18 with sec-
ondary HLH) with 50 active juvenile dermatomyositis pa-
tients, found that a cutoff of 38.9 nmol/L was 70 % sensitive

�Fig. 4 Additional case 2: This was a 10-year-old boy with acute liver
failure of unknown etiology, anemia, and neutropenia. There were no
circulating blasts. He underwent concurrent liver and bone marrow
biopsies. a Bone marrow examination revealed 85–90 % blasts with an
early T cell precursor acute lymphoblastic leukemia (ETP-ALL)
phenotype: CD1a−, CD2+, cytoplasmic CD3+ but surface CD3−, CD4
−, CD5−, CD7+, CD8−, CD13+, CD33−, CD34+, CD38+, CD45+
(dim), HLA-DR-, MPO-, TdT+. b The liver biopsy showed many
swollen hepatocytes, scattered apoptotic bodies, and a moderately dense
lymphohistiocytic infiltrate. c–e ETP-ALL involved the liver, tumor cells
being positive for CD3 (c) and CD99 (d) but negative for CD5 (e) by
immunohistochemistry. f–h In addition, CD8+ cytotoxic/suppressor T
cells (f) predominated over CD4+ helper T cells (g). An increased
number of histiocytes was present throughout, staining weakly for CD4
and strongly positive for CD68 (h). Additional laboratory testing revealed
decreased NK cell function, markedly elevated ferritin (21,357 ng/mL),
and high sCD25 (7258 U/mL (45–1105]), clinching the diagnosis of
HLH. This is the first case to our knowledge associating ETP-ALL and
HLH
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and 90% specific for HLH and that neopterin levels correlated
significantly with ferritin [32].

Just as flow cytometry plays an important role in the diag-
nosis of (and screening for genetic defects in) HLH, several
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other quantitative and qualitative immunophenotypic abnor-
malities have been described in HLH. These include a relative
decrease in the marrowmyeloid component (gain of HLA-DR
and decreased CD10+ cells is common in cases associated
with EBV) accompanied by a relative increase in the lym-
phoid component, particularly T cells. HLA-DR expression

is usually seen on CD8+ cytotoxic T cells reflecting
their activated state, and downregulation of pan-T cell
antigens such as CD7 and CD5 and an inverted
CD4:CD8 ratio (both fairly frequent in EBV-associated
HLH) should not be overinterpreted as evidence of leu-
kemia or lymphoma [33].

Fig. 5 Additional case 3: A 19-year-old female with an history of acute
myelomonocytic leukemia who had relapsed approximately 2 months
prior to this bone marrow examination, which was performed
immediately following magnetic resonance imaging to evaluate for
cerebrovascular accident after new onset of hemiparesis. Since relapse,
she had received a 5-day course of chemotherapy, followed by
granulocyte-colony stimulating factor for approximately 6 weeks during
which she was persistently febrile and pancytopenic. New pulmonary and
pleural-based infiltrates were thought to have represented an infectious
(fungal or atypical) etiology. In addition, she had hypertriglyceridemia of
551 mg/dL (which might have been attributable to being on total
parenteral nutrition) and a ferritin of 12,358 ng/mL (11–320). a

Peripheral blood smear from the time of relapse with circulating blasts.
b Peripheral blood smear from the day of bone marrow examination
revealing pancytopenia (the white blood cell count was <0.1 K/uL,
hemoglobin was 8.7 g/dL, and platelet count was 35 K/uL). c–d. Bone
marrow aspirate smear showing about 80 % histiocytes with readily
identifiable hemosiderin pigment and some erythrophagocytosis. e. The
majority of cells present in the bone marrow core biopsy were histiocytes.
Histochemical stains were negative for fungal organisms and acid-fast
bacilli. HLH has been described as a terminal complication of
numerous malignancies (probably related to infection) but also
following administration of colony-stimulating factor or interleukin
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Although not part of the diagnostic criteria, HLH
patients frequently present with liver dysfunction [1].
Our case 2 above had acute hepatitis with markedly
elevated transaminases indicating hepatocellular damage,
the etiology of which could not be initially be deter-
mined even after an extensive work-up. Similarly, addi-
tional case 2 below had acute liver failure, anemia, and
neutropenia. We have also seen liver failure in neonates
with HLH.

Neurologic findings are also relatively common, at least in
children. In a study of 193 pediatric HLH patients on whom
CSF data at diagnosis were available, 63 % had either neuro-
logical symptoms (seizures, meningismus, or irritability being
the most frequent) and/or abnormal CSF findings (elevated
protein and/or cell count). Hemophagocytosis was not
assessed in this study, although frequently clinically queried
in our practice. Nevertheless, the authors found that HLH
patients with abnormal CSF at diagnosis faced significantly
higher mortality [34].

Finally, case 4 above is an example of HLH in the setting of
rheumatologic disease, so-called macrophage activation syn-
drome (MAS). The diagnostic criteria for MAS are not as
clearly defined as the HLH-2004 criteria, but do show some
overlap. They were developed by circulating a questionnaire
listing 28 clinical, laboratory, and histopathologic features of
MAS to 505 pediatric rheumatologists worldwide, who were
asked to choose and rank the 10 most important features of
MAS in their opinion. Interestingly, the features chosen by
more than 50 % of the respondents were the following: falling
platelet count, hyperferritinemia, evidence of macrophage
hemophagocytosis in the bone marrow, increased liver en-
zymes, falling leukocyte count, persistent continuous fever
of ≥38 °C, falling erythrocyte sedimentation rate,
hypofibrinogenemia, and hypertriglyceridemia [35]. Note that
almost all of these are laboratory values, underscoring the
importance of the clinical laboratory in establishing the diag-
nosis of MAS.

Additional cases

Three additional cases and accompanying figures are
included to further illustrate presenting features of
HLH (Figs. 3, 4, and 5).

Conclusions

In this review, we have deconstructed HLH into its
clinical, laboratory, and molecular diagnostic criteria.
While the individual features are non-specific, when
taken together, they form a unique pattern reflecting a
combination of immunodeficiency, immune activation,

and immunopathology. By keeping in mind these
criteria and the pathophysiology they represent, labora-
tory and clinical hematologists are well-prepared to
work together and promptly recognize HLH.

The history and physical examination and readily available
laboratory testing provide most of the data needed to render a
diagnosis of HLH but a couple of the tests require additional
time and since many of these patients have life-threatening
disease, once the disease is being considered, more esoteric
testing like NK cell activity and sCD25 should be ordered
promptly; sometimes therapy has to be initiated prior to hav-
ing a complete data set. Bone marrow examination probably
has greater utility in evaluating for a treatable cause of HLH
like malignancy or infection than it does for establishing the
diagnosis, though the procedure is frequently indicated/
performed to investigate the cytopenias. In many chil-
dren’s hospitals, patients are sedated for procedures,
which require scheduling operating room time but also
allows for coordination with lumbar puncture. Addition-
al testing not represented in the diagnostic criteria but
useful include hepatic panel, PT, aPTT, and D-dimer.
Lymph node biopsy is only performed in our institution
to evaluate lymphadenopathy, not to rule-in HLH. Ge-
netic testing may not be critical for acute management
of HLH but is essential for definitive management and
determining the risk of recurrence and need for stem
cell transplantation.

Important take home points include the following:

– Clinical condition and evidence for HLH are not static
and can evolve over time.

– A genetic basis should be suspected in infants with
HLH, but finding an infectious (commonly, EBV),
malignant, or rheumatologic Btrigger^ should not
preclude work-up for a genetic defect in granule-
dependent cytotoxicity given obvious implications
on recurrence risk, likelihood in future pregnancies,
and choice of stem cell donor.

– That stated, genetically determined HLH occurs in
older children as well as adults, who in most if not
all cases should undergo such a work-up, which can
be accomplished by flow cytometry (assuming ade-
quate white blood cells/lymphocytes) and/or gene
sequencing.

– Hemophagocytosis, though part of the disease
name, is subjective, neither sensitive nor specific
for, and by no means required to establish a diag-
nosis of HLH.

– In general, higher ferritin levels are more suspicious for
HLH, but in adults there are other more common causes
for marked hyperferritinemia.

– sCD25 reference ranges vary by and are inversely related
to age.
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– Testing for XLP can be considered in boys diagnosed
with non-endemic Burkitt lymphoma.
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