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ABSTRACT
Hemophagocytic lymphohistiocytosis should be considered in patients with persistent fever, hepatosplenomegaly,
pancytopenia. Hypercytokinemia originated from genetic disorder effecting the cellular defects of cytotoxic T and natural
killer lymphocyte activity is the underlying pathophysiology of the disorder. In this review we summarized the recent advances
in the management of hemophagocytic lymphohistiocytosis.
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INTRODUCTION

EPIDEMIOLOGY

Hemophagocytic lymphohistiocytosis (HLH) is an acute,
rapidly progressive, potentially fatal hyperinflammatory
syndrome, arises as a result of a excessive immune response
characterized by impaired cytotoxic T-lymphocyte (CTL) and
natural killer (NK) cell activity (1). Therefore, hypercytokinemia
emerges and results in immune-mediated injury of multipl
organ systems.
Infants are most frequently affected from birth to 18 months of
age, but the disease is also observed in children and adults of all
ages (2,3). HLH can occur as a familial / primary or sporadic
/ secondary disorder. Primary HLH should be assessed in two
categories; familial HLH induced by unique genetic mutations
and certain primary immune deficiencies caused by underlying
genetic defects, whereas secondary HLH is triggered by various
infections, autoimmune disorders, and malignancies, metabolic
syndromes (4,5). Infection is a common trigger both in those
with a genetic predisposition and in sporadic cases (1-3).
The diagnosis of HLH is a challenge. Manifestations, findings,
or signs are often nonspecific. Common clinical manifestations
of HLH are unremitting fever, organomegaly (including
lymphadenopathy, hepatomegaly, and splenomegaly), liver injury,
consumptive coagulopathy, hypertriglyceridemia, cytopenias,
neurologic dysfunction, dermatologic abnormalities, and
elevations of acute phase reactants (notably serum ferritin) (6).
Prompt initiation of treatment for HLH is essential for the
survival of affected patients. The fatality rates of HLH in
hospitals ranges from 20% to 75%, with intensive care unit
mortality rates reaching 50% to 80% (7).

The majority of HLH epidemiologic data comes from
retrospective large cohorts. The incidence of HLH ranges from 1
to 225 per 300,000 live births and appears to vary geographically
in the pediatric population (8). According to a retrospective
study conducted in Texas by Niece et al (9), the average age of
diagnosis in children is 1.8 years. Both sexes are equally affected
in pediatric HLH (10).
It is unclear whether HLH has a racial or ethnic predilection. Most
series in the literature are retrospective, reflecting the experience
of a single center or a group of regional centers. In one US study
of 68 adult patients with HLH from three large academic medical
centers in Boston, Massachusetts, 65 percent were white, 13%
were black, 10% were Asian, and 7% were Hispanic (11).
There is no precise data on the prevalence of HLH in adults. The
average age at presentation of HLH in adulthood is around 50
years (12). Although the exact incidence of HLH in adults is
unknown, it has been estimated that it accounts for up to 1 out of
every 2,000 adult admissions to tertiary medical centers (12,13).
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PATHOPHYSIOLOGY
In normal immune response, CD8+ cytotoxic T cells and NK
cells contact with a virus-infected cell and release cytolytic
granules containing perforin (a protein that forms pores in
the target cell, allowing granzymes to enter and destabilising
the target cell’s membrane) and granzymes (proteins involved
in triggering apoptosis in the target cell) to promote cytolytic
destruction. These enzymes must be structurally normal,
Received: 11.03.2022   Accepted: 23.03.2022

Cite this article as: Abuzaid O, Akyol Ş, Alcalı SC, Ünal E. Hemophagocytic lymphohistiocytosis: pouring gasoline on the cytokine storm. Kastamonu Med J
2022; 2(2): 30-34
This work is licensed under a Creative Commons Attribution 4.0 International License.

Abuzaid et al. Hemophagocytic Lymphohistiocytosis
correctly trafficked throughout the cell, and packaged into
granules for the normal progression of immune response. These
granules must subsequently be exocytosed into the immunologic
synapse between the cytotoxic cell and then the contents enter
the target cell (11).
There are numerous genetic causes of HLH predisposition. PRF1
is the first identified genetic cause of familial HLH. PRF1 encodes
perforin. Perforin oligomerizes on target cells after being released
from immunologic synapses, forming pores which allow other
cytotoxic granule contents to enter the target cell and induce
apoptosis. Granule contents cannot enter target cells in patients
with perforin deficiency and this condition results in HLH (14).
Patients with perforin deficiency are diagnosed with familial
HLH type 2. The cause of familial HLH type 1 is still unknown.
Mutations in UNC13D, STX11, and STXBP2, respectively,
cause familial HLH types 3-5. These gene’s protein products
are required for normal exocytosis of cytotoxic granules. In
the presence of these gene defects, granule contents are not
released into the immunological synapse and target cells
cannot be destroyed (15,16).
The pathophysiology of acquired HLH is still not fully
understood and thought to be multifactorial. It may result
from a malignant, infectious, or autoimmune stimulus, in the
absence of an identifiable underlying genetic trigger. Different
patterns of T lymphocyte activation and differentiation have
been observed in secondary HLH patients compared to those
with primary HLH, implying that these two entities may have
different pathogenesis (8).
Lymphomas that cause HLH have been documented to
produce proinflammatory cytokines, which serve as an initial
and longlasting stimulus for the activation of cytotoxic T
lymphocytes and NK cells and therefore the occurrence of
syndrome is triggered (5,17).
The most common infectious trigger for both primary and
secondary HLH is Epstein-Barr virus (EBV). EBV infection
of CD8+ cytotoxic T lymphocytes, which normally infects B
lymphocytes, can result in EBV-associated HLH. This infection
drives their uncontrolled activation and abnormal activity (18).

CLINICAL PRESENTATION
The signs and symptoms of HLH are widely heterogeneous and
nonspecific, ranging from persistent unexplained fever to sepsis.
Therefore, the first condition of diagnosis is always suspicion
(11,19).
In general, HLH clinical manifestations are serious; frequently
resulting in complications such as sepsis, bleeding, and
multiorgan failure. The main and most common symptom of
HLH is fever and it is frequently unremitting, seen persistent for
3-7 days, and present at the onset. It should always be considered
that fever may not be present in the neonatal period (19,20).
Moreover, organomegaly (splenomegaly, hepatomegaly,
hepatosplenomegaly or lymphadenopathy), neurologic
involvement, signs of liver dysfunction and bleeding symptoms
like hemorrhage, petechiae, purpura ,ecchymosis can be
present in physical examination (21,22). Splenomegaly is the
most common oeganomegaly in overall HLH, on the contrary
hepatomegaly is seen more often in pediatric HLH (23).
Neurological symptoms such as seizures, meningismus,
peripheral neuropathy, cranial nerve involvement, ataxia,
dysarthria, lethargy, encephalopathy, and coma are more common

in childhood HLH (8). The involvement of the central nervous
system (CNS) should always be evaluated at initial diagnosis.
Changes in mental status should be addressed immediately,
especially in the early stages of therapy (3,24). Other nonspecific
clinical findings may include edema, rashes, and gastrointestinal
symptoms such as nausea, vomiting, diarrhea, and abdominal
pain. Patients with severe disease may have pulmonary, renal, or
cardiac involvement (8).
Another clinical entity that should definitely be mentioned at
this point is COVID-19 associated multisystem inflammatory
syndrome (MIS-C). In the light of our current knowledge
about the COVID 19 pandemic, we know that MIS-C is a
clinical emergency and can cause an exaggerated inflammatory
response, organ dysfunction and even mortality. The clinical and
laboratory findings may overlap with HLH, therefore, it should
be evaluated carefully in the differential diagnosis (25,26).

DIAGNOSIS
The diagnosis of HLH should be kept in mind, in every
individual either an infant, child, or adult with unexplained fever,
hepatosplenomegaly, cytopenias, hepatitis, or inflammatory
central nervous system findings, prior HLH-like episodes, a
family history of HLH, or a known genetic disorder associated
with HLH.
Once a diagnosis of HLH is suspected, numerous tests should
be performed to gather supporting evidence for the diagnosis
of HLH syndrome, as well as to establish which organ systems
are affected and the severity of involvement. All patients should
be evaluated for infections and malignancies, since these two
conditions are the most common triggers for HLH (27).
The diagnosis of HLH syndrome is based on clinical presentation
in the setting of elevated inflammatory markers. Ideally, the
diagnosis is based on fulfilling the published diagnostic criteria
used in the HLH-2004 trial (28). The recommended criteria
is shown in Table 1. As well, the HLH-probability calculator
(HScore) is another widely accepted diagnostic scoring
system. The parameters considered in this scoring system
can be listed as follows: the presence of immunosuppression,
fever, organomegaly, elevation in triglyceride level, ferritin
levels, aspartate aminotransferase/serum glutamic oxaloacetic
transaminase levels, fibrinogen levels, presence of cytopenias,
and hemophagocytosis in bone marrow specimens. A higher
score is more likely to be associated with a diagnosis of HLH. The
creators of this scoring system found an optimal cutoff of 169,
which corresponded to a sensitivity of 93% and a specificity of
86%, determining the diagnosis of HLH in their study (29).
Table 1. Diagnostic criteria according to HLH-2004 guidelines
A. Molecular diagnosis consistent with HLH    Or
B. 5 of the 8 criteria listed below
1. Fever ≥38.3°C
2. Splenomegaly
3. Cytopenia (affecting at least two of the three lineages in the
peripheral blood)
Hemoglobin <9 g/dL (infants <4 weeks: hemoglobin <10g/dL)
Platelets <100×103/µL
Neutrophils <1000/ µL
4. Hypertriglyceridemia (≥265 mg/dL) and/or hypofibrinogenemia
(≤150 mg/dL)
5. Hemophagocytosis in bone marrow or spleen or lymph nodes or
liver
6. Low or absent NK cell activity
7. Ferritin ≥500 ng/mL
8. sCD 25 (sIL2Ra) ≥ 2400 U/mL
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A wide variety of laboratory findings can be seen in HLH,
and none of them are pathognomonic. The most common
laboratory findings of HLH include cytopenia affecting at
least two lineages, hypertriglyceridemia, hyperferritinemia,
hypofibrinogenemia, and elevated soluble IL-2 receptor,
soluble CD163 and liver function tests. Different mechanisms
have been suggested in the pathogenesis of cytopenia. The
most well-known of these is hemophagocytosis. On the other
hand, Th1 type T cells produce TNF-α and IFN-γ, and with
the effect of these cytokines, suppression of hematopoiesis
and induction of apoptosis is seen in bone marrow (8,11). The
most common cytopenias are anemia and thrombocytopenia.
Also elevated TNF-α inhibits lipoprotein lipase activity
and this leads to hypertriglyceridemia. On account of the
hyperinflammatory state, acut phase reactants are elevated in
HLH. The most significant increase is observed in ferritin.
In response to elevated cytokines, an upregulation in heme
oxygenase is seen and this causes hyperferritinemia (30).
Positive predictive value of ferritin in literature varies
between different trials, although negative predictive value
using a cut off of 500 ng/mL (the current diagnostic cut-off
according to HLH-2004 criteria) is quite high in both adults
and children (29). An exception for the elevated acute phase
reactants is about erythrocyte sedimentation rate (ESR). Due
to the hypofibrinojenemia, low ESR is expected. Another
marker for activated lymphocytes is IL-2 receptor alpha chain
(CD25) and soluable form of CD25 (sCD25) is released from
activated lymphocytes and relatively specific for the diagnosis
of HLH (31). As well, abnormal renal function and elevated
transaminases can be determined as a result of organ system
involvement. Renal HLH is frequently present with acute
kidney injury and therewithal associated with poor prognosis.
There is a different approach, which must be mentioned in
here about the elevated transaminases. Elevated aspartate
aminotransferase (AST) is one of the diagnostic criteria of
the HScore but not the HLH-2004 criterion although have
been shown to be present in >75% of both adults and children
with HLH (28).
Also measurement of NK cell activity can be done, howewer
the test has a poor predictive value and the limitied availability,
it is not commonly performed in most centers. Nevertheless
the predictive value of NK cell activity is better for HLH in
children than adults (32). Another marker is CD163, which
elevates in macrophage activation but it can increase not only
in HLH but also in malignancy, autoimmunity, and infection
(11).
To evaluate the morphologic findings; the significant and
diffuse accumulation of lymphocytes and macrophages is
a typical microscopic feature in HLH which occasionally
demonstrate hemophagocytosis,. These infiltrates are typically
found in the bone marrow, although can be reported in the
spleen, lymph nodes, liver, skin, lungs, meninges, cerebrospinal
fluid (CSF), and, in rare cases, subcutaneous tissue. The bone
marrow may be hypocellular or hypercellular at first, but
ultimately hypoplasia emerges. According to the diagnostic
guidelines of HLH-2004 study, finding of hemophagocytosis
is neither specific nor required for the diagnosis. Moreover,
hemophagocytosis has not have a diagnostic threshold value
(33,34).
Molecular diagnosis consistent with HLH is a hallmark for the
diagnosis of HLH alone. Diagnosing HLH and initiation of the
treatment is a medical emergency, so the genetic testing is not
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routinely done in cases such a prompt diagnosis is required. On
the contrary, mutation testing may be done prophylactically in
children with a strong family history of HLH. In such cases,
the test should include the known familial HLH mutations at a
minimum. If the patient has the clinical features for the specific
immunological disorders like X-linked lymphoproliferative
disorder, Chediak-Higashi syndrome (CHS), Griscelli
syndrome type 2 (GS2), or Hermansky-Pudlak syndrome type
2 (HPS2), than the appropriate testing may be warranted. It
should be always kept in mind that, a negative mutation result
does not rule out HLH (11).
Differential Diagnosis
As mentioned before, HLH can mimic a number of
common conditions that cause fever, pancytopenia, hepatic
abnormalities, or neurologic findings. Clinical features of sepsis
and HLH can overlap, since hyperinflammation is present in
both conditions. Therefore, it is critical to distinguish between
these two conditions because the treatment for HLH is aimed at
suppressing the immune response, which could be devastating
in a patient with sepsis (35).
Patients who had diagnosed as sepsis but also met the
diagnostic criteria of HLH-2004 protocol, should always be
undertaken the diagnostic work-up for HLH (36). Also, many
atypical infectious species; such as visceral leishmaniasis,
histoplasmosis, atypical/tuberculous mycobacteria, bartonella,
brucella, disseminated herpes simplex and disseminated
adenovirus can cause cytopenia and inflammatory marker
elevations, resulting in an HLH-like picture. The etiology in the
majority of these cases is not immune-related. Direct infection
therapy is preferable in these infections, as immunosuppression
has the potential to aggravate the underlying infection (27).
The neurological features of HLH can be difficult to
distinguish from other neurological disorders. Viral
encephalitis, autoimmune disseminated encephalomyelitis,
central nervous system vasculitis, rasmussen encephalitis,
multiple sclerosis, febrile infection-related epilepsy
syndrome and acute necrotizing encephalopathy are
among the differential diagnoses in HLH with neurological
involvement (37).
Hematologic disorders such as Langerhans cell histiocytosis
affecting the marrow and/or visceral organs, as well as a
variant of multicentric Castleman disease, may imitate HLH.
Both of these diseases can be effectively managed by treating
the underlying condition with or without extra corticosteroids
(27).

TREATMENT
Since HLH is characterised by uncontrollable immune
activation, the goal of therapy is to control the immune
response. Immunosuppressive and myelosuppressive
agents, most commonly high-dose corticosteroids and the
epipodophyllotoxins are the cornerstones of acute therapy.
Primary HLH is nearly always fatal without treatment (17,21).
The mortality rate in patients with secondary HLH who do
not receive treatment is not well defined, but current literature
suggests a rate of 50-75% (17). Prompt and aggressive treatment
is essential. The development of standardised treatment
protocols with haematopoietic stem cell transplantation
(HSCT)have increased the survival from a 1-year survival rate
of less than 5% to a 5-year survival rate of 21% (21,37).
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The treatment of HLH should begin as soon as the syndrome
is recognised, but after a carefully evaluation for the diagnosis
og malignancies. The diagnosis of hemophagocytosis and the
staging of CNS involvement should not be delayed (38-40).
Treatment of HLH should be combined with prompt
treatment of any underlying triggers that have been identified.
Rituximab is effective in the treatment of EBV-HLH (41).
Hematopoietic stem cell transplantation can cure familial
HLH and can be used as a consolidation therapy. Also,
HSCT is recommended in relapsed HLH after successful
salvage treatment in patients with high-risk hematologic
malignancies. The degree of remission before HSCT is an
important survival factor, particularly in patients lack human
leukocyte antigen-identical donors (42).

CONCLUSION
HLH is a multi-system disorder of immune dysregulation that
typically occurs in the context of an immunologic challenge and
causes significant morbidity and mortality. Although HLH is
a potentially fatal medical condition, the signs and symptoms
can be unspecific. Suspicion must be maintained at a high level,
especially in the context of certain clinical disorders, such as
rheumatologic, infectious, and hematologic diagnoses, as
well as immunosuppressed states. Multidisciplinary patient
care is essential, with the haematologist included in the
diagnostic workup and therapeutic management, since it has
complex clinical outcomes. The goal of therapy is to suppress
the hyper-inflammatory state and immune dysregulation
which cause life-threatening organ damage and even death.
The development of standardised treatment protocols has
significantly improved HLH patient survival rates. However,
the current mortality rate remains extremely high. A better
understanding of the disease pathogenesis, the development
of more predictive diagnostic tests, and the development of
newer treatment modalities will improve the outcome of this
rare, life-threatening disease.
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