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ABSTRACT

Objective: Hemophagocytic lymphohistiocytosis (HLH) is a rare disorder in children that are characterized by a persistent
fever, splenomegaly with cytopenia, hypertriglyceridemia, and hypofibrinogenemia. HLH can be classified into two major
forms: Primary HLH includes familial HLH and several primary immunodeficiencies, which exhibit genetic inheritance and
usually occur in infancy. Secondary HLH (sHLH) is associated with infections, autoimmune disorders, or malignancies. It is
essential to identify the disorders underlying HLH and provide the disorder appropriate treatment. The main objectives of
this study were to identify the etiology of sHLH and prognostic factors.

Material and Methods: We retrospective analyzed clinical and laboratory findings as well as prognostic factors for our
pediatric patients diagnosed with sHLH. All statistical tests were performed using the Statistical Package for the Social
Sciences (SPSS, Chicago, USA) version 21.0. Ethics committee approval (January 26, 2021) was obtained for the study. Our
study was conducted by the principles of the Declaration of Helsinki.

Results: Our patients had Epstein—Barr virus, tuberculosis infection, Hodgkin lymphoma, and desmoplastic small round cell
tumor. Six pediatric patients with sHLH were identified. Age ranged from 7 months to 16 years. There were five males and one
female patient. Three patients were triggered by infection, two cases were triggered by malignant disease and one patient
was suspected of rheumatic disease. All patients fulfilled the criteria fever, cytopenia, and ferritin >500 pg/L. The patients
started immunosuppressive therapy according to the HLH-2004 protocol. Only one patient (malignancy-associated HLH) died.
Conclusion: Although HLH is a rare disease, clinicians should be aware of its existence and actively pursue appropriate
diagnostic tests in all children suffering from unexplained fever, cytopenias, and/or hepatosplenomegaly, regardless of
whether hemophagocytosis is observed or not. It should be remembered that patients diagnosed with hemophagocytosis
may have another underlying disease.
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Cocuk hastalarda sekonder hemofagositik lenfohistiositoz: Tek merkez
deneyimi

OzZET

Amag: Hemofagositik lenfohistiositoz (HLH) uzamis ates, splenomegali, hipertrigliseridemi, hiperferritinemi ve hipofibrinojenemi ile karakterize ¢cocuk-
luk gaginda nadir gorilen bir hastaliktir. Primer ve sekonder HLH olmak tizere iki gruba ayrilir. Primer HLH ailesel hemofagositik lenfohistiositoz, genetik
nedenli primer immun yetmezlikler nedeniyle genellikle infantil donemde goriilir. Sekonder HLH enfeksiyonlar, otoimmun hastaliklar ya da maliniteler ile
iliskilidir. HLH tablosuna neden olan hastaligin tespiti ve uygun tedaviye baslanmasi 6nemlidir. Calismamizin amaci sekonder HLH etyolojisinin saptanmasi
ve prognostik faktérlerin 6neminin vurgulanmasidir.

Gereg ve Yontemler: Cocukluk ¢aginda sekonder HLH tanisi konulan hastalarimizin klinik, laboratuvar bulgulari ve prognostik faktorler retrospektif olarak ince-
lendi. istatistik testler igin SPSS versiyon 21.0 programi kullanildi. Etik komite onayi (26.1.2021) alindi. Calismamiz Helsinki Deklerasyon prensiplerine gore yapildi.
Bulgular: Sekonder HLH tanili 6 hasta incelendi. Yaslari 7 ay—16 yas arasindaydi. Hastalarin besi erkek, biri kiz gocuguydu. Hastalarin tglinde enfeksiyon,
ikisinde malign hastalik tespit edilirken bir hastada romatolojik hastalik stiphesi mevcuttu. Tum hastalarda ates, sitopeni, ferritin >500 pg/L bulgulari tespit
edildi. Hastalara HLH 2004 protokolune gére immunsupresif tedavi baglandi. Malignite ile iliskili HLH tanisi konulan bir hasta kaybedildi.

Tartigma: Although HLH is a rare disease, clinicians should be aware of its existence and actively pursue appropriate diagnostic tests in all children suffering
from unexplained fever, cytopenias, and/or hepatosplenomegaly, regardless of whether hemophagocytosis is observed or not. It should be remembered

that patients diagnosed with hemophagocytosis may have another underlying disease.

Anahtar Kelimeler: Hemofagositoz; pediatrik; uzamig ates.
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INTRODUCTION

Hemophagocytic lymphohistiocytosis (HLH) is a rare disease
mainly in children that are characterized by persistent fever and
hemophagocytosis by activated macrophages. The pathogene-
tic mechanisms behind HLH are not completely understood but
involve defective granule-mediated cytotoxicity and uncontrol-
led T-cell activation that is induced by hypercytokinemia. HLH
is classified as a primary (familial) and secondary (acquired)
disease. Primary HLH, also termed familial HLH (FHL), is an au-
tosomal recessive genetic disorder defined by mutations in the
following genes: PRF1 in FHL type 2 (FHL2), UNC13D in FHL type
3 (FHL3), STX11 in FHL type 4 (FHL4), and STXBP2 in FHL type 5
(FHL5). On the other hand, some patients with other congeni-
tal immune deficiencies (X-linked lymphoproliferative disorder,
Griscelli syndrome, Chediak—Higashi syndrome, and Hermans-
ky—Pudlak syndrome) may develop HLH with major causative
genes, namely, SH2D1A/BIRC4, RAB27A, LYST, and ADTB3A (1).
Secondary HLH (sHLH) is associated with viral, bacterial fungal,
and parasitic infections, autoimmune diseases, and malignant
disorders in patients without an identifiable underlying genetic
trigger (2). HLH diagnostic guidelines, also known as the HLH
2004 diagnostic criteria, help to guide the diagnosis of primary
and sHLH (3). A patient is diagnosed with HLH when the mo-

lecular diagnosis is consistent with HLH or at least five of the
following eight criteria must be fulfilled: Fever, splenomegaly,
cytopenia affecting at least two of three lineages in the perip-
heral blood, hypertriglyceridemia and/or hypofibrinogenemia,
hemophagocytosis in the biopsy, low, or absent natural killer
(NK) cell activity, hyperferritinemia, and elevated soluble CD25
receptor. These diagnostic guidelines are commonly used in
both familial and sHLH (3, 4). Although primary HLH can be
controlled by immunochemotherapy, hematopoietic stem cell
transplantation (HSCT) is required as a curative therapy (4).

MATERIAL AND METHODS

Patients’ data were collected from January 2019 to December
2019 in our hospital. The diagnosis of HLH is based on at least
five of the eight criteria identified by the HLH-2004 study inc-
luding (Table 1) (3). Unfortunately, the tests for soluble CD25
levels and NK cell activity were not available in our hospital. In
the study population, the following data were analyzed: Age,
sex, detailed physical examination findings, laboratory findings
including complete blood count with differential (white blood
cell neutrophil and lymphocyte), and platelet count. The diag-
nosis was made through clinical course and laboratory findings
[ferritin, fibrinogen, triglyceride, lactate dehydrogenase (LDH),
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Table 1. Revised dia

The diagnosis HLH can be established if one of either 1 or 2 below is fulfilled

(1) A molecular diagnosis consistent with HLH

(2) Diagnostic criteria for HLH fulfilled (five out of the eight criteria below)
(A) Initial diagnostic criteria (to be evaluated in all patients with HLH)
Fever

Splenomegaly

Cytopenias (affecting 2 of 3 lineages in the peripheral blood):
Hemoglobin <90 g/L (infant <4 weeks: hemoglobin <100 g/L)
Platetes <100x10°/L

Neutrophils <1.0x10%/L

Hypertriglyceridemia and/or hypofibrinogenemia:

Fasting triglycerides 3.0 mmol/L (i.e., 265 mg/dl)

Fibrinogen <1.5 g/L

Hemophagocytosis in bone marrow or spleen or lymph nodes

No evidence of malignancy

(B) New diagnostic criteria

Low or NK-cell activity (according to local laboratory reference)
Ferritin 500 gm/L

Soluble CD25 (i.e., soluble IL-2 receptor) 2.400 U/ml

HLH: Hemophagocytic lymphohistiocytosis.
Comments:

(1) If hemophagocytic activity is not proven at the time of presentation, further
search for hemophagocytic activity is encouraged. If the bone marrow specimen
is not conclusive, material may be obtained from other organs. Serial marrow
aspirates over time may also be helpful.

(2) The following findings may provide strong supportive evidence for the di-
agnosis: (a) spinal fluid pleocytosis (mononuclear cells) and/ or elevated spinal
fluid protein, (b) histological picture in the liver resembling chronic persistent
hepatitis (biopsy).

(3) Other abnormal clinical and laboratory findings consistent with the diagnosis
are: cerebromeningeal symptoms, lymph node enlargement, jaundice, edema,
skin rash. Hepatic enzyme abnormalities, hypoproteinemia, hyponatremia, VLDL
“ HDL #.

viral serology, and polymerase chain reaction (PCR)]. Genetic
analysis (UNC13D, STX11, and PRF1) was performed for all the
patients. Furthermore, bone marrow aspiration findings, tests
for collagen vascular disease, mycoplasma, human immunode-
ficiency virus, Epstein—Barr virus (EBV), and cytomegalovirus
infections were diagnosed with immunoglobulin M (IgM) anti-
bodies or genomic DNA copy number by PCR. Cultures (blood,
urine, and cerebrospinal fluid) and imaging findings (abdomi-
nal ultrasound and computerized tomography) were recorded.
None of the patients showed central nervous system involve-
ment. Treatment modalities were analyzed. Descriptive statis-
tical analyses were performed to determine the demographic
data, clinical data, and treatment of the patients. A Chi-squ-
are test was used for categorical variables. All statistical tests
were performed using the Statistical Package for the Social
Sciences (SPSS, Chicago, USA) version 21.0. Ethics committee
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Figure 1. Hemophagocytosis on bone marrow aspiration.

approval (Date: January 26, 2021, number: B.10.1 TKH.4.34.H.
GP.0.01/410) was obtained for the study. Our study was condu-
cted by the principles of the Declaration of Helsinki. Informed
consent was obtained from the patients.

RESULTS

Between January 2019 and December 2019, we followed up
with six (five males and one female) patients. Age ranged from
7 months to 16 years. Their characteristics, management, and
the outcome are presented in Table 2. The median age at diag-
nosis of sHLH was 10 years (range: 7 months—18 years). In total,
two patients were <24 months of age sHLH. All the patients had
fever and hepatomegaly initial symptoms other clinical findings
of the patients were different at admission.

Patient 1

An 11-year-old male had pneumonia and pleural effusion. His cli-
nical symptoms did not improve with nonspecific therapy, and he
was started antituberculosis treatment. He was noted to have bi-
cytopenia, and a bone marrow aspiration was performed, which
revealed signs of hemophagocytosis (Fig. 1) A hemophagocytic sy-
ndrome secondary to tuberculosis infection (TB) was diagnosed.

Patient 2

A 10-year-old male patient with fever and weakness. There
were palpable cervical and submandibular lymph nodes and
hepatomegaly and splenomegaly. Bone marrow aspiration was
performed, which revealed signs of hemophagocytosis. As his
fever did not subside, it started HLH 2004 protocol. A cervical
lymph node and bone marrow biopsy were taken, which was
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Table 2. Clinical features of the patients
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Age HSM Cytopenia Triglycerid Fibrinogen Ferritin

Gender (mg/dl) (mg/dl) (ng/ml)  (U/L)
1 11y/Male + + 164 159 11735
2 10y/Male + + 231 726 5008
3 18m/Male + + 287 294 157
4 16y/Female + + 400 227 27027
5 7m/Male + + 311 356 841
6 10y/Male + + 182 247 10454

LDH BMA Mutation Etiology  Treatment Prognosis
(HP) (Heterozygot)
2936 + PRF1 Tuberculosis Dexa+Tbhc Improved
450 + UNC13D Hodgkin L. HLH+HL  Improved
283 + no EBV HLH+HSCT Improved
1262 + UNC13D  Unknown HLH improved
13036 + no DSRCT HLH Death
1228 + no EBV HLH* Improved

+maintenance; HLH*: HLH 2004 only initial phase.

L_"

5

Figure 2. Highly cellular smears with small round cells in small clusters,
high NC ratio, irregular nuclear membranes, inconspicuous nucleoli,
granular chromatin and blue cytoplasm with vacuolated on bone mar-
row aspirate (giemsa).

consistent with Hodgkin lymphoma (HL) (Stage IVB). An HLH se-
condary to HL was diagnosed.

Patient 3

An 18-month-old male patient with fever and liver failure. He
was planned to have liver transplantation because of liver fai-
lure at another hospital. There were hepatomegaly, splenome-
galy, and abdominal ascites. The EBV IgG, IgM, and EBV DNA
were positive. Inherited metabolic diseases and immunodefi-
ciency disorders analysis were negative. Bone marrow aspira-
tion and liver biopsy were performed, which revealed signs of
hemophagocytosis. A secondary EBV infection was diagnosed.

Patient 4

A 16-year-old female patient with fever and general body pain.
On physical examination, she had hepatomegaly and splenome-

BMA: Bone marrow aspiration; HP: Hemophagocytosis; DRSCT: Desmoplastic round cell tumor; Dexa: Only dexamethasone treatment; HLH: HLH 2004 initial

galy. Viral and bacterial serological tests were all negative. Rheu-
matologic markers were negative. Double T negativity with flow
cytometry was not detected for the autoimmune lymphopro-
liferative syndrome. Next-generation sequencing analysis for
immune dysregulation syndrome and autoimmune disorders
was negative. A cervical lymph node biopsy was taken, which
showed reactive changes with no specific causes. Bone marrow
aspiration and biopsy were performed, which revealed signs
of hemophagocytosis. As his clinical condition did not improve
with antibiotic treatment, the HLH 2004 protocol (with etopo-
side) was started. Subsequently, during her follow-up, her fever
subsided, rash, tachypnea eliminated, and appetite returned to
normal. A hemophagocytic syndrome cause was not detected.

Patient 5

A 7-month-old male patient with fever and liver failure. On
physical examination, he had hepatomegaly and splenomegaly.
Other physical examination findings were normal. Viral and ba-
cterial serological tests were all negative. Inherited metabolic
disease and Pearson syndrome genetic analysis were normal.
Abdominal ultrasonography was shown hepatosplenomegaly
and multiple nodular lesions in the liver. Bone marrow aspirati-
on was performed showing acute lymphoblastic leukemia (ALL)
L3-like lymphocytes with vacuoles and signs of hemophagocy-
tosis but flow cytometric analysis was normal (Fig. 2). Fluoro-
deoxyglucose-positron emission tomography was normal. He
started HLH 2004 protocol. Liver biopsy revealed a desmoplas-
tic small round cell tumor (DRSCT) (Fig. 3, 4). He died after one
cure chemotherapy.

Patient 6

A 10-year-old male patient with fever, weakness, and cervical
lymphadenopathy. On physical examination, there were bila-
teral cervical lymphadenopathy, hepatomegaly, splenomegaly.
Viral and bacterial serological tests were all negative. The EBV
IgG, IgM positive, and EBV DNA were positive. Imnmunodeficien-
cy disorder tests were negative. Bone marrow aspiration was
performed, which revealed signs of hemophagocytosis. A se-
condary EBV infection was diagnosed.
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-

matin, one or two small nucleoli, scant cytoplasm.

Figure 3. (a) Nests of small round blue cells of variable size and shape within portal area of liver(arrow). (b) Tumor cells have round, with finely chro-

Figure 4. Desmin staining on tumor: dot-like pattern (arrow).

Our patients laboratory findings were median Hb concentra-
tion at admission was 7.2 g/dL (range: 4.2-10.6 g/dL). All the
patients had normal leukocyte and neutrophil counts, platelet
count was low in four patients. Ferritin level was normal in two
patients but very high in the other four patients, median fer-
ritin: 10,454 mg/dL (range:157-200,700 mg/dL). The median
fibrinogen level was 726 (range: 159-841 mg/dL) one of the
patients had a low. The median LDH level was 1262 U/L (ran-
ge: 395-12,228). Bilirubin level was high in three patients. All
patients had findings of hemophagocytosis in the bone mar-
row. Mutation analysis was performed on all patients, and he-
terogeneous mutations (one patient’s PRF1 and two patients’
UNC13D) were detected in three patients.

HLH 2004 treatment protocol was given to all patients suggesting
hemophagocytosis. Treatment modifications were performed in
three patients. The patient diagnosed with TB sHLH was given only
dexamethasone and IVIG. Two patients associated with malignan-
cy were given chemotherapy according to the diagnosis. HSCT
was performed in one patient at the end of the HLH protocol.

DISCUSSION

HLH is a potentially life-threatening condition due to uncont-
rolled inflammatory activation. Many conditions can lead to
the clinical picture of HLH, including malignancies (leukemia,
lymphoma, and other solid tumors), infections (viral, bacteri-
al, or parasitic), and rheumatoid disorders (3). A variable and
non-specific symptomatology can delay the diagnosis and hen-
ce requires a high index of suspicion in both primary and sHLH.
The patients in our study applied to hospitals with different cli-
nical pictures. The common diagnostic feature of our patients
is that they have a prolonged fever of unknown origin (FUO).
Several genetic defects in primary HLH have been recently iden-
tified, which include PRF1, UNC13D, STX11, and STXBP2. In our
study, PRF1, UNC13D, and STX11 mutations were examined in
all patients. The heterozygous mutation was detected in three
patients. The clinical significance of these mutations is unk-
nown but the presence of mutations may make it easier to see
hyperinflammation in these patients.

Therapy of HLH consists of combinations of proapoptotic che-
motherapy and immunosuppressive drugs targeting the hype-
ractivated T cells and histiocytes (5). Most of the HLH patients
have severe systemic symptoms at diagnosis, and timely ap-
propriate treatment for HLH is needed before genetic testing
to distinguish primary from sHLH. Early use of y-globulin and/
or corticosteroid is sometimes useful to control the activity of
HLH, with transient effect (4). However, an aggressive thera-
peutic approach is warranted in most cases, including immu-
nochemotherapy and HSCT. In our study, when HLH was detec-
ted in all patients, dexamethasone was started. Etoposide and
cyclosporin A with dexamethasone were started in all patients
except the patient with the diagnosis of TB.

HLH is a severe complication of TB infection and has a high mor-
tality. For patients with FUO, HLH-related clinical manifestations
sometimes present before the final diagnosis of TB (6). Most
previously reported studies to suggest that clinicians consider
a diagnosis of HLH when they encounter patients with TB who
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have reduced levels of blood cells, hepatosplenomegaly, and
coagulation abnormalities (7). In our study, one patient (patient
1) had a TB infection and HLH symptoms were seen despite the
treatment of TB. After adding a steroid to treatment, the pa-
tient’s clinical findings improved.

Malignancy associated HLH (MA-HLH) is mainly reported in
adult patients with lymphoma. Around 24 cases of HLH associ-
ated with B or precursor T acute leukemia are reported in pedi-
atric patients (8). The rarity of occurrence of HLH and its varied
presentation makes the diagnosis of MA-HLH difficult. Pediat-
ric cases have been reported with varied types of malignancy.
The largest multicenter study on MA-HLH was published in Tur-
key (9). It reports HLH associated with ALL, AML, HL, non-HL,
rhabdomyosarcoma, neuroblastoma, and Langerhans cell his-
tiocytosis. Once the diagnosis is made, the hyperinflammatory
condition needs to be controlled with steroid or complete HLH
2004 protocol. In our study, one patient had HL (patient 2), one
patient had DRSCT (patient 5). In MA-HLH our patient, we give
a full HLH induction protocol. HL treatment was switched on in
our patient who was diagnosed with HL. The delay in diagnosis
of this life threatening disorder may be fatal. One of our pa-
tients died. This patient had a very rare tumor in his childhood
and his diagnosis was made very difficult.

Viral infections, especially EBV, may trigger primary as well
as sHLH. Patients with severe sHLH due to EBV infections can
be treated with this protocol (10). In a nationwide survey, the
most frequent subtype in Japan is EBV-HLH (approximately 40%
of all patients with HLH) followed by other infection- or lymp-
homa-associated HLH (11) The incidence of EBV-HLH is relati-
vely high in Asian countries, indicating the underlying genetic
background in the pathogenesis of EBV-HLH. Phenotypically,
EBV-HLH is a heterogeneous disorder with various symptoms,
ranging from mild to severe, and with a variable clinical course,
ranging from self-limiting to severe/aggressive or fatal. There-
fore, prompt and appropriate treatment should be established
according to prognostic factors. We have two EBV-HLH patients.
One of them (patient 6) improved with the first 8 weeks of HLH
protocol treatment but one patient (patient 3) did not suffi-
ciently respond to the initial treatment (persistent disease) and
HSCT was performed. In Japan, 57 patients (43 with FHL and 14
with EBV-HLH) underwent HSCT between 1995 and 2005 (12).
Unrelated donor cord blood transplantation was employed in
half of these cases and RIC regimen was used in 26%. The ove-
rall survival rate was 65.0% for FHL and 85.7% for EBV-HLH. The
prognosis was better for EBV-HLH than for FHL after HSCT be-
cause of the high incidence of early treatment-related deaths
in FHL. HSCT was performed in one patient with EBV DNA posi-
tivity. A myeloablative conditioning regimen was given for this
patient. Bone marrow from the match sibling donor was used
as a stem cell source.

Macrophage activation syndrome (MAS), a serious complication
of systemic rheumatoid arthritis and other childhood systemic
inflammatory disorders, is thought to be caused by excessive
activation and proliferation of T lymphocytes and macrophages.
The recognition that MAS belongs to the secondary or reactive
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hemophagocytic syndromes has led to a proposal to rename it
according to the contemporary classification of histiocytic di-
sorders (13). In our patient who developed MAS clinical findin-
gs (patient 4), a diagnosis of the rheumatological disease could
not be made. The patient’s HLH treatment was discontinued
and is being followed up for signs of rheumatological disease.

CONCLUSIONS

HLH is a very important dilemma in childhood. The underlying
genetic causes, infections, malignancy, metabolic, and rheuma-
tologic disorders should be investigated. Given the high mor-
tality rate in this group of patients who did not display specific
clinical manifestations, careful consideration by clinicians is ne-
cessary to achieve early diagnosis, and early intervention may
help improve the prognosis.
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