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in old diagnostic and clinical criteria?
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Abstract

Hemophagocytic lymphohistiocytosis (HLH) is a condition of overexpressed inflammatory response resulting in hyper-
cytokinemia, macrophages infiltration and subsequent multiple organ failure. Without treatment, it leads to death. The
main etiological factors include: viral, bacterial and parasitic infections, malignancies and autoinflammatory diseases.
The main clinical manifestations are: high fever >38°C, lymphadenopathy, splenomegaly, and hepatomegaly. Central
nervous system involvement occurs in 30-70% of cases. Less common symptoms include: dyspnea, cough, arrhyth-
mias, jaundice, peripheral edema, rashes, albinism and diarrhea. The picture of the disease seen in laboratory tests
consists of: duopenia, hypofibrinogenemia (<150 mg/dL) high D-dimers level, and hyperferritinemia. Other abnormal-
ities include hypertriglyceridemia, elevated liver enzymes, hyperbilirubinemia, hypoalbuminemia and hyponatremia.
Diagnostics include: laboratory tests, histopathological examination, lumbar puncture, radiological imaging, functional
test and genetic checking. It is important to rule out factors mimicking HLH. Some of the old, well-known criteria are of
less relevance nowadays. The aim of the therapy is immunosuppressive, immunomodulatory and anti-cytokine treat-
ment, using the HLH-2004 protocol. In secondary HLH, elimination of the causative agent is critical. In primary HLH,
or relapse of secondary forms, allogeneic transplantation is the only curative treatment. The prognosis is uncertain.
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Introduction

Definition

Hemophagocytic lymphohistiocytosis (HLH) is a condition
of specific hyperinflammation that directly leads to death
without prompt treatment. It should not be classified as
a disease, but rather as a certain set of clinical conditions
that lead to an overexpressed inflammatory response
resulting in infiltration of internal organs by macrophages
and subsequent multiorgan failure [1].

Pathophysiology
In congenital syndromes, there is a defect in the produc-
tion of certain proteins responsible for the correct course
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of the granule-dependent cytotoxicity mechanism. These
cytotoxic granules contain granzymes and protein-perforin,
which are released at the immunological synapse between
infected cells and cytotoxic lymphocytes and NK cells. As
a result of the defect described above, a paralysis of the
killing cells occurs and, consequently, a vicious circle is
set in motion — the helper lymphocytes, stimulated by the
trigger, instead of stimulating the NK cells and cytotoxic lym-
phocytes, cause their inhibition and dysfunction. However,
they stimulate production of interferon gamma (IFN-y) and
stimulate macrophages, which together with INF-y fuel the
so-called ‘cytokine storm’ leading to even greater paralysis
of cytotoxic lymphocytes and NK cells, which cannot cope
with elimination of infectious agents. Under the influence
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of INF-y and macrophages, infiltration of organs occurs,
leading to organ dysfunction. The cytokines that play a key
role in hyperinflammation include interleukin (IL)-6, IL-10,
INF-y, as well as IL-1, IL-8, IL-12, IL-18, and tumor necrosis
factor alpha (TNF-a) [1, 2].

For acquired forms of HLH, the exact pathogenesis is not
fully understood. It seems that viruses and other infectious
agents block the function of NK and cytotoxic lymphocytes.
It has been observed, e.g. in the case of Epstein-Barr virus
(EBV)-acquired HLH, that NK and cytotoxic lymphocytes are
directly infected (instead of B lymphocytes) and destroyed
by the virus. This infection stimulates helper lymphocytes
and results in the production of INF-y, proinflammatory cyto-
kines, which in turn activate macrophages and stimulate the
secretion of TNF-a, IL-6, plasminogen activator, and ferritin.

A cascade of these reactions leads to the defined met-
abolic abnormalities and clinical manifestations of HLH [2].

Clinical picture
Usually, the first symptoms of HLH occur in the form of
full-blown syndrome resembling sepsis, but there are he-
mophagocytic syndromes with an initially sparse symptom-
atic course. The primary forms usually occur at a young age,
while the acquired form affects children older than 2 years.
There are rare exceptions, however, and congenital forms
of HLH are sometimes revealed even in teenagers [3, 4].
Most patients present with high, non-remitting fever,
>38°C, poorly responsive to medication as a result of pro-
inflammatory cytokines. Exceptions are premature infants,
whose temperature may be even lower than 36.6°C. Other
clinical features include splenomegaly (97% of patients) and
hepatomegaly (>50% of patients) with or without laboratory
signs of liver dysfunction. Very often, generalized or local
lymphadenopathy (effect of hemophagocytosis in lymph
nodes) is observed in patients. Kidney involvement (ede-
mas, dysuria, anuria) and pulmonary infiltration (dyspnea,
cough, decreased saturation), or skin rash can be seen in
hemophagocytic lymphohistiocytosis-macrofage activation
syndrome (HLH-MAS). 30-73% of patients develop central
nervous system (CNS) involvement. This usually accompa-
nies the generalized form of the disease, but sometimes it
is the only symptom of HLH. Clinical symptoms include sei-
zures (mainly in young children), positive meningeal signs,
ataxia (in older children), opisthotonus and cranial nerve
palsy. It seems that patients without neurological symptoms
have changes in imaging studies and vice versa — patients
with multiple neurological changes do not always have visi-
ble abnormalities in radiological imaging. Less frequent clin-
ical manifestations of hemophagocytic syndrome include:
arrhythmia [mainly in the course secondary to Kawasaki
disease (KD)] or chronic bloody diarrhea (XLP-2), albinism
or pseudoalbinism — typical for primary HLH such as Her-
mansky-Pudlak syndrome (HPS), Griscelli syndrome (GS I1),
and Chediak-Higashi syndrome (CHS) [3, 4-6].

The disease presentation seen in laboratory tests in-
cludes:

1) Duopenia (decreased morphology values affecting two
cell lines e.g. thrombocytopenia and anemia, or granu-
locytopenia and thrombocytopenia etc.) resulting from
bone marrow immunosuppression under the influence
of proinflammatory cytokines (TNF-, INF-y). This occurs
in 80% of patients. The exceptions are patients with
MAS, in whom in the early stages of the disease mor-
phological parameters may be normal. It is now consid-
ered that a decreasing platelet count is a very sensitive
marker of HLH and its recurrence [2, 7];

2) Hyperferritinemia is another fairly important marker
of the syndrome. A value of above 500 ug/L may sug-
gest hemophagocytic syndrome. However, it should
be remembered that ferritin, which is an acute phase
protein as well as a marker of iron deficiency and iron
overload, will not be very sensitive in the context of
patients after transplantation, multiple transfusions
or liver disease. Although in the international HLH cri-
teria a ferritin value >500 ug/L is given, it is currently
accepted that a value >2,000 pg/L is relevant for the
diagnosis of HLH;

3) Hypofibrinogenemia (<150 mg/dL) resulting mainly
from hepatic dysfunction and INF-y-induced increase
in plasminogen activator is a quite sensitive param-
eter of the syndrome activity. While monitoring the
coagulation system, it is also important to pay atten-
tion to rising D-dimers, which are often significantly
elevated in active HLH;

4) Hyperglyceridemia (>3 mmol/L or 265 mg/dL) result-
ing from inhibition of lipoprotein lipase by TNF-a, is
another component of the diagnostic criteria. In the
context of recent guidelines, its diagnostic value is no
more relevant.

Less common laboratory criteria include elevated
liver enzymes [alanine aminotransferase (ALT), and as-
partate aminotransferase (AST)], hyperbilirubinemia,
hypoalbuminemia, and hyponatremia (may be a marker
of CNS involvement or apparent as a result of hypertri-
glyceridemia) [8, 9].

The diagnostic criteria for HLH are presented in Table I

Cytological and histopathological
confirmation

One important diagnostic criteria for HLH is hemophago-
cytosis. This can be found in the bone marrow, liver,
spleen, lymph nodes and cerebrospinal fluid (CSF), and
is usually checked in bone marrow and CSF. In the past,
biopsies of lymph nodes, liver and even spleen were also
performed. Due to safety concerns, the latter two tests
are not performed nowadays. It should be remembered
that in the early stages of the disease, hemophagocytosis
may not be presentin in bone marrow (BM), and in about
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Table 1. Diagnostic criteria for hemophagocytic lymphohistiocyto-
sis (HLH) (based on HLH-2004 protocol)

The diagnosis can be confirmed by:

A. Detection of mutations (PRF1, UNC13D, Munc18-2,
Rab27a, STX11, SH2D1A or BIRC4)

or
B. When five of the following eight criteria are met:
1. Fever >38.5°C
2. Splenomegaly
3. Duopenia:

Hb <9 g/L (in neonates Hb <10 g/L)
PLT <100 x 10°/mL

GR < 1x10%/mL

4. Hypertriglyceridemia >265 mg/dL (>3 mmol/L) and/or
hypofibrinogenemia <150 mg/dL

[$]

. Hemophagocytosis in bone marrow/lymph nodes/
/liver*

6. Low/no NK cell activity
7. Ferritin >500 ug/L
8. Elevated sCD25 levels

*Liver biopsy for material collection is not currently recommended; Hb — hemoglobin; PLT — plate-
lets; GR — granulocytes

40% of patients it is not present at all in bone marrow
examination.

BM biopsy should therefore be performed several
times, as changes may appear over time. In addition to he-
mophagocytosis, normal cellularity is observed in the bone
marrow of patients with primary HLH, sometimes with an
elevated red cell line. In contrast, in HLH-MAS, there is an
increased percentage of granulocytic lineage in the marrow.
In addition, a follow-up bone marrow examination can rule
out proliferative disease as well as Leishmaniasis infection
(amastigotes present in microscopic examination). Where
there is a suspicion of Leishmaniasis, a bone marrow sam-
ple should be taken for polymerase chain reaction (PCR)
testing, because tests from peripheral blood often give false
negative results. Until recently, it was thought that a diag-
nosis should only be made if there was a positive history
of travel to the Mediterranean region. Nowadays, due to
the widespread distribution of the parasite (e.g. Germany,
the Netherlands), this test is considered mandatory for di-
agnostic screening [10].

Another very important diagnostic test is lumbar punc-
ture with collection of CSF. It is mandatory to examine the
fluid for pleocytosis, protein, glucose, lactates and micro-
biological examination. In most cases, a predominance
of lymphocytes is observed in the CSF smear, while he-
mophagocytosis alone is described in only 39% of cas-
es. Lumbar punctures should be repeated in the absence
of baseline fluid changes, as in the case of bone marrow

examination. During disease monitoring, it is important to
perform follow-up lumbar punctures, in which signs of dis-
ease retreatment are usually seen earlier than on imag-
ing studies. In primary forms of HLH, CSF lesions are more
commonly present, with no abnormalities on CNS magnetic
resonance imaging (MRI) [6, 11].

Less frequently performed tests include microscopic
examination of the hair, performed when congenital immu-
nodeficiency running with albinism is suspected.

Imaging studies

Radiological imaging is a very important part of diag-
nostics. Magnetic resonance imaging (MRI) is the gold
standard to exclude central nervous system involvement.
Lesions typical of HLH are: symmetric periventricular infil-
trates, sometimes cerebellar lesions, usually not involving
the thalamus or brainstem, not enhancing in T1-dependent
sequence. As previously mentioned, there are patients
with clinical symptoms without MRI changes, as well as
patients without neurological symptoms who do have le-
sions on imaging studies. It is important that diagnostic
imaging and lumbar puncture should be performed before
the start of therapy. When monitoring the disease, if the
neurological symptoms disappear, it is not necessary to
repeat the imaging examinations, but it is crucial to con-
trol the cerebrospinal fluid by lumbar puncture. It should
also be kept in mind that abnormalities seen on imag-
ing studies may be a result of chemotherapy. Examples
include changes consistent with posterior reversible
encephalopathy (PRES), associated with steroid therapy
and cyclosporine A (CsA) [6, 11].

In addition, abdominal and lymph node ultrasound,
cardiac ultrasound and chest radiography are performed
in every patient. In justified cases (where there is a strong
suspicion of HLH secondary to malignancy), the diagnos-
tics should be extended.

Functional tests

Functional tests provide great support in the diagnosis of
hemophagocytic syndrome, but it should be emphasized
that they are performed only in a few highly specialized
laboratories.

The primary test is the degranulation assay. This eval-
uates the process of exocytosis that occurs in cytotoxic
cells by assessing the expression of CD170a and CD170b
antigens on activated cells. Abnormalities of the degranu-
lation process are an indication to look for some congeni-
tal form of HLH. For example, a degranulation defect and
decreased cytotoxicity test results may indicate defects of
MUNC, STX11 and STXPB2 genes (FHL-3, FHL-4, FHL-5)
responsible for the production of proteins involved in mat-
uration and fusion of exocytic granules with the cell mem-
brane. Impaired degranulation is also observed in Griscelli
syndrome and Chediak-Higashi syndrome.
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The cytotoxic assay allows examination of the cytotoxic
capacity of NK cells. It defines cytotoxicity as the number
of leukemic cell line K562 cells killed by cytotoxic cells.
This test is performed using radioactive chromium or fluo-
rescent dye and propidium iodide. It is performed by flow
cytometry. Its reduced values suggest a congenital defect.
The test result distinguishes patients with a reduced num-
ber of NK cells without loss of cytotoxicity from patients
with normal or reduced number of NK cells and reduced
cytotoxic function.

Another important test is the evaluation of NK cell ac-
tivity. Transiently reduced NK cell counts may accompany
acquired forms of HLH due to overuse. In patients who en-
ter remission of the disease, NK counts return to normal.
In the congenital forms, usually NK counts and activity are
permanently reduced. However, it should be remembered
that there are forms of HLH with normal numbers and ac-
tivity of NK cells [12, 13].

Intracellular expression of perforin (a glycoprotein that
has the ability to incorporate and form channels in the cy-
toplasmic membrane of target cells, inducing of apoptosis
in the target cell) is assessed by flow cytometry. This test
can be very helpful when congenital forms are suspected.
Abnormal expression of perforin, with reduced cytotoxicity
test values and normal degranulation values, may suggest
a genetic form of FHL2 (PRF1).

An important test that should be performed in males is
expression of X-linked inhibitor of apoptosis protein (XIAP)
and SLAM (signaling lymphocytic activation molecule)-as-
sociated protein (SAP). If there is an abnormal result, pri-
mary HLH (XLP-1, XLP-2) can be suspected.

The concentration of soluble receptor for IL-2 (sCD25)
shows the activation level of T lymphocytes. This is a sen-
sitive marker of hemophagocytic syndrome and is one of
the diagnostic criteria (sCD25 level >2,400 U/mL). Apart
from time of diagnosis, a follow-up test can be performed
after about two weeks — the marker should decrease with-
in treatment [5, 7, 12].

Genetic testing

A genetic test is not always needed to make the diagnosis
of hemophagocytic syndrome. Sometimes, it is sufficient
that the patient only meets the diagnostic criteria (Table )
for the disease. Immunological and genetic tests are
necessary to rule out congenital HLH. The commonly used
Sanger test is a quick and easy way to rule out basic mu-
tations that are already known. The disadvantage of this
method, however, is that it only targets previously known
genetic alterations. In contrast to traditional methods,
next generation sequencing (NGS) allows for the inspec-
tion of almost the entire genome, and the detection of
new mutations responsible for HLH. This method has
limitations including high cost, but in the future it will
certainly become a more common tool, and it is useful in

patients suspected of having HLH or other immunodefi-
ciencies [13, 14].

Secondary hemophagocytic syndromes
— diagnostic tips

This group includes acquired HLH, which develops due
to other factors such as infection, drugs, neoplasms, or
connective tissue disease.

EBV-HLH

The most common causes of acquired HLH are viral in-
fections and among them EBV. This infects mainly B-lym-
phocytes, controlled by NK-lymphocytes and cytotoxic
lymphocytes. The development of EBV-HLH depends on
age, stage of disease, and number and function of NK and
cytotoxic lymphocytes.

EBV-HLH during primary infection tends to occur in
younger children, in contrast to lymphoproliferative disease
or chronic EBV infection, which is usually seen in older chil-
dren and adolescents, and tends to occur during the re-
activation phase of infection. Typical features on physical
examination include jaundice, skin rashes, breathing diffi-
culties, and neurological disturbances (seizures). In labora-
tory tests, high levels of lactate dehydrogenase and hypona-
tremia and high values of liver enzymes can be observed.
Most patients have bone marrow and/or lymph node in-
volvement, and CSF examination reveals elevated pleocy-
tosis and protein levels. The CNS may also be involved. In
contrast to other forms of HLH, there is an increased solu-
ble IL-2 receptor (sCD25) with normal or slightly decreased
NK cell activity. The presence of EBV-HLH does not exclude
lymphoma [15, 16].

HLH secondary to severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2)
infection

HLH can also be triggered by other infectious factors
including coronavirus disease 2019 (COVID-19). Recent
reports suggest that the hypercytokinemia caused by the
novel Coronavirus infection, COVID-19, has significant
similarities with the laboratory and clinical findings of
HLH. Due to the rapid deterioration of patients’ general
status, secondary hemophagocytic lymphohistiocytosis
(sHLH) needs a timely diagnosis for the initiation of life-
-saving treatment [17]. Similarly to the clinical symptoms
of sHLH, the majority of patients with COVID-19 pres-
ent with high fever, cough, dyspnea, myalgia or fatigue
[18]. As in HLH patients, COVID-19 patients present with
several laboratory abnormalities i.e. thrombocytopenia,
lymphocytopenia, elevated D-dimer, serum ferritin, lactate
dehydrogenase (LDH), C-reactive protein (CRP) and IL-6
levels [19, 20].
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Multisystem inflammatory syndrome
in children (MIS-C)

Recent reports suggest a new COVID-19-related clinical syn-
drome, with significant hyperinflammation and similarities
to KD, which can be found in children [21].

This multisystem inflammatory syndrome in children
(MIS-C) can appear at any time, although it most common-
ly occurs 1-6 weeks following infection, and may overlap
with an acute respiratory COVID-19 presentation [22, 23].
Clinical symptoms can be similar to KD with coronary ar-
tery aneurysms and extracardiac manifestations. Apart
from typical symptoms associated with KD (i.e. hand and
foot inflammation/swelling, rash, mucous membrane
changes/strawberry tongue, conjunctivitis, lymphadeno-
pathy) [24], MIS-C can present with significant gastroin-
testinal manifestations (vomiting, diarrhea and severe
abdominal pain), neurological involvement, hyperferritin-
emia, and cardiogenic shock leading to multiorgan failure.
It is very important to differentiate between MIS-C and
sHLH because the treatment of Multisystem Inflammato-
ry Syndrome differs and mainly involves, immunoglobulin
(IVIG), corticosteroids, anakinra, tocilizumab and remde-
sivir in PCR positive patients [21].

Secondary hemophagocytic syndrome
associated with malignancies

HLH associated with malignant neoplasms is more common
in adults, although pediatric cases have been described.
It is important to distinguish HLH occurring during tumor
onset or relapse from hemophagocytic syndrome occurring
in remission of the disease and associated with chemo-
therapy. In the former, HLH is caused by the tumor itself.
Presumably, tumor cells (e.g. lymphoma) secrete the inter-
leukins, INF-y, IL-6, which are involved in the development
of HLH. The soluble receptor for IL-2 (sCD25) is a marker
of both HLH and certain lymphomas. It is also important to
remember that EBV is both a ‘trigger’ for HLH and a cause
of some lymphoid proliferations. In the pediatric popula-
tion, T-cell lymphomas are the most common cause of
secondary HLH.

In HLH associated with chemotherapy, immunosuppres-
sive therapy and infections [especially bacterial, cytomeg-
alovirus (CMV), EBV and fungal infections] are triggering
factors. The greatest difficulty in the diagnosis of patients
is the fact that most symptoms of HLH (fever, pancytopenia,
coagulation abnormalities, high inflammatory markers) are
also present in malignancy. Genetic testing may be helpful
in diagnosis. For example, certain defects resulting in the
development of XLP1 should be associated with a higher
predisposition to B-cell ymphoma in boys, especially after
EBV exposure, as opposed to XLP-2 which is not associat-
ed with lymphoma [16, 25].

Table Il. Classification criteria for macrophage activation syn-
drome (MAS) [26-31]

Patient with fever, suspected of having idiopathic juvenile
arthritis (SJIA)

Meets criteria for macrophage-MAS activation syndrome
when:

* ferritin >684 ug/L

And two of the following:
o PLT <181 x 10°/L

* AST > 48 U/L

* TG >156 mg/dL

* Fibrinogen <360 mg/dL

PLT — platelets; AST — aspartate aminotransferase; TG — triglycerides

Macrophage activation syndrome

The definition of MAS refers to hemophagocytic syn-
dromes complicating connective tissue diseases. Exces-
sive activation of T lymphocytes and macrophages leads
to a condition of hyperinflammation, with symptoms of
cytopenia, hepatic dysfunction, coagulation disorders
and hyperferritinemia. Typically, MAS does not occur at
the time of diagnosis, but rather at a later stage, and only
in 25% is it concurrent. Approximately 7-17% of patients
develop a full-blown macrophage activation syndrome,
while a mild, subclinical syndrome is seen in more than
60% of cases. A very characteristic feature is the improve-
ment of rheumatological symptoms at the onset of HLH.
The clinical picture of the disease includes: high fever,
generalized lymphadenopathy, edema, and hepatospleno-
megaly. It resembles sepsis. In addition, a hemorrhagic
rash can be found on physical examination, and in the
more advanced stage of the disease, nose and gastroin-
testinal bleeding is possible. In addition, CNS symptoms
such as seizures, behavioral disturbances, and even
coma are quite common. Cerebrospinal fluid examination
reveals high pleocytosis with moderately elevated protein
level. Renal infiltration is quite common and is associated
with a high mortality rate. Approximately 25% of patients
present with pulmonary infiltration and thus respiratory
distress, dyspnea, cough and even features of respiratory
failure. In laboratory tests, a very characteristic feature
of MAS is a rapid decrease in the erythrocyte sedimenta-
tion rate (ESR) value with still high CRP. Additionally, in
biochemical parameters there is a significant increase in
transaminases with a very slight increase in bilirubin and
slight hypoalbuminemia. In coagulogram, massive abnor-
malities including intravascular coagulation have been
described. Another very characteristic marker of MAS is
a very high ferritin level (>5,000 pg/L). Apart from that,
hypertriglyceridemia, high LDH levels, and low sodium
levels are observed in laboratory tests. The diagnosis of
MAS poses many problems due to overlapping symptoms
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of rheumatic diseases and the hemophagocytic syndrome
itself. There are numerous diagnostic criteria dedicated
to the diagnosis of MAS. Some of the most recent are
shown in Table Il [26-31].

Authors’ contributions
MSB — sole author.

Conflict of interest
None.

Financial support
None.

Ethics

The work described in this article has been carried out in
accordance with The Code of Ethics of the World Medical
Association (Declaration of Helsinki) for experiments involv-
ing humans; EU Directive 2010/63/EU for animal exper-
iments; uniform requirements for manuscripts submitted
to biomedical journals.

References

1. Jedrzejczak WW. Hemophagocytic lymphohistiocytosis — a rarely diag-
nosed immediate life-threatening condition occurring also in adults.
Acta Haematol Pol. 2008; 39(3): 515-526.

2. Jan SJ, Volkmer B, Ehl S. Classification, clinical manifestations, and
diagnostics of HLH. In: Abla O, Janka G. ed. Histiocytic disorders.
Springer International Publishing AG, Cham 2018.

3. De Saint Basile G, Moshous D, Fischer A. Genetics and pathogene-
sis of hemophagocytic lymphohistiocytosis. In: Abla O, Janka G. ed.
Histiocytic disorders. Springer International Publishing AG, Cham
2018.

4. Janka GE, Lehmberg K. Hemophagocytic lymphohistiocytosis: patho-
genesis and treatment. Hematology Am Soc Hematol Educ Program.
2013; 2013: 605-611, doi: 10.1182/asheducation-2013.1.605, in-
dexed in Pubmed: 24319239.

5. Lehmberg K, Ehl S. Diagnostic evaluation of patients with suspected
haemophagocytic lymphohistiocytosis. Br J Haematol. 2012; 160(3):
275-287, doi: 10.1111/bjh.12138.

6. Horne AC, Beutel K. CNS involvement in HLH (CNS-HLH). In: Abla O,
Janka G. ed. Histiocytic disorders. Springer International Publishing
AG, Cham 2018.

7. Henter JI, Horne A, Aric6 M, et al. HLH-2004: diagnostic and therapeu-
tic guidelines for hemophagocytic lymphohistiocytosis. Pediatr Blood
Cancer. 2007; 48(2): 124-131, doi: 10.1002/pbc.21039.

8. Janka GE, Lehmberg K. Hemophagocytic syndromes — an update.
Blood Rev. 2014; 28(4): 135-142, doi: 10.1016/j.blre.2014.03.002,
indexed in Pubmed: 24792320.

9. Dokmanovic L, Krstovski N, Lazic J, et al. Extreme hypertriglyceridemia
in an infant with hemophagocytic lymphohistiocytosis and hydroxyco-
balamin deficiency. Srp Arh Celok Lek. 2015; 143(11-12): 744-747,
doi: 10.2298/sarh1512744d.

10. Bode SF, et al. Hemophagocytic lymphohistiocytosis in imported pe-
diatric visceral leishmaniasis in @ non-endemic area. J Pediatr. 2014;
165(1): 147-153.e1, doi: 10.1016/j.jpeds.2014.03.047, indexed in
Pubmed: 24797953.

AN

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Rego |, Severino M, Micalizzi C, et al. Neuroradiologic findings and
follow-up with magnetic resonance imaging of the genetic forms of
haemophagocytic lymphohistiocytosis with CNS involvement. Pediatr
Blood Cancer. 2012; 58(4): 810-814, doi: 10.1002/pbc.23405, inde-
xed in Pubmed: 22106034,

Wotowiec M, Malinowska I. Limfohistiocytoza hemofagocytarna u dzie-
ci. Acta Haematol Pol. 2016; 47(4): 233-241, doi: 10.1016/j.acha-
em.2016.10.001.

Picard C, Fischer A. Contribution of high-throughput DNA sequen-
cing to the study of primary immunodeficiencies. Eur J Immunol.
2014; 44(10): 2854-2861, doi: 10.1002/€ji.201444669, indexed
in Pubmed: 25154746.

Babol-Pokora K, Wotowiec M, Popko K, et al. Polish Pediatric Hemato-
logy, Oncology Society. Molecular genetics diversity of primary hemo-
phagocytic lymphohistiocytosis among Polish pediatric patients. Arch
Immunol Ther Exp (Warsz). 2021; 69(1): 31, doi: 10.1007/s00005-
021-00635-4, indexed in Pubmed: 34677667.

Chellapandian D, Das R, Zelley K, et al. EBV-HLH Rituximab Study
Group. Treatment of Epstein Barr virus-induced haemophagocytic
lymphohistiocytosis with rituximab-containing chemo-immunothe-
rapeutic regimens. Br J Haematol. 2013; 162(3): 376-382, doi:
10.1111/bjh.12386, indexed in Pubmed: 23692048.

Lehmberg K, Ochi F, Nichols KE, Ishii E. Hemophagocytic lymphohi-
stiocytosis associated with malignancies and with Epstein-Barr virus.
In: Abla O, Janka G. ed. Histiocytic disorders. Springer International
Publishing AG, Cham 2018.

Soy M, Atagiindliz P, Atagundiiz |, et al. Hemophagocytic lymphohistio-
cytosis: a review inspired by the COVID-19 pandemic. Rheumatol Int.
2021; 41(1): 7-18, doi: 10.1007/s00296-020-04636-y, indexed in
Pubmed: 32588191.

Opoka-Winiarska V, Grywalska E, Rolinski J. Could hemophagocytic
lymphohistiocytosis be the core issue of severe COVID-19 cases? BMC
Med. 2020; 18(1): 214, doi: 10.1186/512916-020-01682-y, indexed
in Pubmed: 32664932.

Li Q, CaoY, Chen L, et al. Hematological features of persons with CO-
VID-19. Leukemia. 2020; 34(8): 2163-2172, doi: 10.1038/s41375-
020-0910-1, indexed in Pubmed: 32528042.

Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality
of adult inpatients with COVID-19 in Wuhan, China: a retrospective
cohort study. Lancet. 2020; 395(10229): 1054-1062, doi: 10.1016/
50140-6736(20)30566-3.

Hennon TR, Penque MD, Abdul-Aziz R, et al. COVID-19 associated
Multisystem Inflammatory Syndrome in Children (MIS-C) guidelines;
a Western New York approach. Prog Pediatr Cardiol. 2020 [Epub ahe-
ad of print]: 101232, doi: 10.1016/j.ppedcard.2020.101232, indexed
in Pubmed: 32837142,

DeBiasi RL, Song X, Delaney M, et al. Severe coronavirus
disease-2019 in children and young adults in the Washington, DC, Me-
tropolitan Region. J Pediatr. 2020; 223: 199-203.e1, doi: 10.1016/].
jpeds.2020.05.007, indexed in Pubmed: 32405091.

Verdoni L, Mazza A, Gervasoni A, et al. An outbreak of severe Kawa-
saki-like disease at the Italian epicentre of the SARS-CoV-2 epide-
mic: an observational cohort study. The Lancet. 2020; 395(10239):
1771-1778, doi: 10.1016/s0140-6736(20)31103x.

McCrindle BW, Rowley AH, Newburger JW, et al. Diagnosis, treat-
ment, and long-term management of Kawasaki disease: a scien-
tific statement for health professionals from the American Heart
Association [published correction appears in Circulation. 2019 Jul
30;140(5):e181-e184. doi: 10.1161/CIR.0000000000000703].
Circulation. 2017; 135(17): €927-e999, doi: 10.1161/
CIR.0000000000000484, indexed in Pubmed: 28356445.

www.journals.viamedica.pl/acta_haematologica_polonica


http://dx.doi.org/10.1182/asheducation-2013.1.605
https://www.ncbi.nlm.nih.gov/pubmed/24319239
http://dx.doi.org/10.1111/bjh.12138
http://dx.doi.org/10.1002/pbc.21039
http://dx.doi.org/10.1016/j.blre.2014.03.002
https://www.ncbi.nlm.nih.gov/pubmed/24792320
http://dx.doi.org/10.2298/sarh1512744d
http://dx.doi.org/10.1016/j.jpeds.2014.03.047
https://www.ncbi.nlm.nih.gov/pubmed/24797953
http://dx.doi.org/10.1002/pbc.23405
https://www.ncbi.nlm.nih.gov/pubmed/22106034
http://dx.doi.org/10.1016/j.achaem.2016.10.001
http://dx.doi.org/10.1016/j.achaem.2016.10.001
http://dx.doi.org/10.1002/eji.201444669
https://www.ncbi.nlm.nih.gov/pubmed/25154746
http://dx.doi.org/10.1007/s00005-021-00635-4
http://dx.doi.org/10.1007/s00005-021-00635-4
https://www.ncbi.nlm.nih.gov/pubmed/34677667
http://dx.doi.org/10.1111/bjh.12386
https://www.ncbi.nlm.nih.gov/pubmed/23692048
http://dx.doi.org/10.1007/s00296-020-04636-y
https://www.ncbi.nlm.nih.gov/pubmed/32588191
http://dx.doi.org/10.1186/s12916-020-01682-y
https://www.ncbi.nlm.nih.gov/pubmed/32664932
http://dx.doi.org/10.1038/s41375-020-0910-1
http://dx.doi.org/10.1038/s41375-020-0910-1
https://www.ncbi.nlm.nih.gov/pubmed/32528042
http://dx.doi.org/10.1016/s0140-6736(20)30566-3
http://dx.doi.org/10.1016/s0140-6736(20)30566-3
http://dx.doi.org/10.1016/j.ppedcard.2020.101232
https://www.ncbi.nlm.nih.gov/pubmed/32837142
http://dx.doi.org/10.1016/j.jpeds.2020.05.007
http://dx.doi.org/10.1016/j.jpeds.2020.05.007
https://www.ncbi.nlm.nih.gov/pubmed/32405091
http://dx.doi.org/10.1016/s0140-6736(20)31103-x
http://dx.doi.org/10.1161/CIR.0000000000000484
http://dx.doi.org/10.1161/CIR.0000000000000484
https://www.ncbi.nlm.nih.gov/pubmed/28356445

25.

26.

217.

28.

Matgorzata Salamonowicz-Bodzioch, Hemophagocytic lymphohistiocytosis

Lehmberg K, Sprekels B, Nichols KE, et al. Malignancy-associated
haemophagocytic lymphohistiocytosis in children and adolescents.
Br J Haematol. 2015; 170(4): 539-549, doi: 10.1111/bjh.13462,
indexed in Pubmed: 25940575.

Filippone EJ, Farber J. Hemophagocytic lymphohistiocytosis: an upda-
te for nephrologists. Int Urol Nephrol. 2016; 48(8): 1291-1304, doi:
10.1007/s11255-016-1294-z.

Grom AA, Horne AC, De Be. Macrophage activation syndrome in rheu-
matic disease (MAS-HLH). In: Abla O, Janka G. ed. Histiocytic disor-
ders. Springer International Publishing AG, Cham 2018.

Minoia F, Davi S, Horne A, et al. Pediatric Rheumatology International
Trials Organization, Childhood Arthritis and Rheumatology Research
Alliance, Pediatric Rheumatology Collaborative Study Group, Histiocy-
te Society. Clinical features, treatment, and outcome of macrophage
activation syndrome complicating systemic juvenile idiopathic arthri-

www.journals.viamedica.pl/acta_haematologica_polonica

29.

30.

31.

tis: a multinational, multicenter study of 362 patients. Arthritis Rheu-
matol. 2014; 66(11): 3160-3169, doi: 10.1002/art.38802, indexed
in Pubmed: 25077692.

Ravelli A, Minoia F, Corne A, et al. Expert consensus on dynamics of
laboratory tests for diagnosis of macrophage activation syndrome
complicating systemic juvenile idiopathic arthritis. RMD Open. 2016;
2(1): e000161.

Seguin A, Galicier L, Boutboul D, et al. Pulmonary involvement in pa-
tients with hemophagocytic lymphohistiocytosis. Chest. 2016; 149(5):
1294-1301, doi: 10.1016/j.chest.2015.11.004, indexed in Pubmed:
26836913.

Wang W, Gong F, Zhu W, et al. Macrophage activation syndrome in Ka-
wasaki disease: more common than we thought? Semin Arthritis Rhe-
um. 2015; 44(4): 405-410, doi: 10.1016/j.semarthrit.2014.07.007,
indexed in Pubmed: 25200945.


http://dx.doi.org/10.1111/bjh.13462
https://www.ncbi.nlm.nih.gov/pubmed/25940575
http://dx.doi.org/10.1007/s11255-016-1294-z
http://dx.doi.org/10.1002/art.38802
https://www.ncbi.nlm.nih.gov/pubmed/25077692
http://dx.doi.org/10.1016/j.chest.2015.11.004
https://www.ncbi.nlm.nih.gov/pubmed/26836913
http://dx.doi.org/10.1016/j.semarthrit.2014.07.007
https://www.ncbi.nlm.nih.gov/pubmed/25200945

