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Abstract
Introduction: Haemophagocytic lymphohistiocytosis (HLH) is a medical condition associated 
with the over-activation of the immune system. HLH results from the inactivity of natural killer 
cells and uncontrolled activity of cytotoxic T lymphocytes and macrophages, with a massive cytokine 
response. Cytohistological examinations might show haemophagocytes in different tissues (e.g., 
bone marrow). Among laboratory findings especially(particularly) high ferritin level is often seen. 
Due to the aggressive course of the disease mortality rate is extremely high.
Material and methods: The study presented three patients with an acquired form of HLH treated 
successfully in the Haemato-Oncology Department Medical University of Lublin from September 
2018 to April 2021. In case 1 HLH developed during pregnancy. Patient 2 was first hospital-
ized in the Intensive Care Unit and 10 therapeutic plasma exchanges were carried out. In both 
patients, stabilization of ferritin levels and remission of the disease were achieved soon after the 
application of treatment according to the HLH-2004 protocol. Case 3 presents a patient in whom 
HLH was induced by Epstein-Bárr virus and severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) infections. In the first stage of treatment, the patient received drugs according to the 
HLH-2004 protocol, but the serum ferritin did not normalize. The reinfection with SARS-CoV-2 
occurred again during the treatment. Due to the disease resistance and the inability to continue the  
HLH-2004 protocol, it was decided to start ruxolitinib therapy, which resulted in the stabilization 
of the serum ferritin and improvement of the general condition. The patient was qualified for al-
logeneic bone marrow transplantation.
Conclusions: HLH is a difficult and interdisciplinary diagnostic and treatment problem. It is 
necessary to popularize knowledge about fast and targeted diagnostics. Among laboratory finding 
the ferritin concentration seemed to be especially helpful as a predictor of treatment effectiveness. 
Proper diagnosis and treatment introduced as early as possible could save patients’ life.
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Introduction

Haemophagocytic lymphohistiocytosis (HLH) 
is a medical condition associated with the over-
activation of the immune system. HLH results from 
the inactivity of natural killer (NK) cells and un-
controlled activity of cytotoxic T lymphocytes and 
macrophages, with a massive cytokine response 
[1]. HLH as a disorder of childhood immune regu-
lation was first described in 1952 under the name 
of ‘familial haemophagocytic reticulosis’ [2]. The 
following years brought progress in research on the 
pathogenesis of the disease. In 1996 the first papers 
were published, in which there were proven that 
the impaired function of cellular immunity played 
a leading role, but humoral immunity activity is 
essentially intact [3]. The first reports related to 
the genetic background of HLH appeared in 1999, 
in which Stepp et al. [4] showed the association of 
familial HLH with a defect in the perforin gene.

Two forms of HLH are distinguished: congeni-
tal and acquired.

In the congenital form, the subset of genetic 
HLH disorders named familial haemophagocytic 
lymphohistiocytosis (fHLH) was extracted in 
which the presence of biallelic pathogenic variants 
not only in perforin gene (PRF1) but also in other 
three genes: STX11, STXBP2 and UNC13D were 
found. All these genes regulate granule-dependent 
cytotoxicity. Based on the genetic background 
mentioned above four subtypes of fHLH have 
been identified: PRF1-related familial HLH (PRF1- 
-fHLH: perforin deficiency), STX11-related familial  
HLH (STX11-fHLH: syntaxin-11 deficiency), 
STXBP2-related familial HLH (STXBP2-fHLH: 
Munc 18-2 deficiency), UNC13D-related familial 
HLH (UNC13D-fHLH: Munc 13-4 deficiency) [5]. 
Diagnostics of fHLH are based not only on the 
identification of pathogenic variants in one of four 
genes but also on suggestive clinical and laboratory 
findings. The acquired form is associated mainly 
with underlying diseases (most often neoplasms of 
the haematopoietic and lymphatic systems), infec-
tions [most often with Epstein-Bár virus (EBV)], 
and drugs. Since 2004 was known that the mecha-
nism of HLH development is associated with the 
‘paralysis’ of natural killers (NK) cells, cytotoxic 
T lymphocytes and the excessive activity of pro-
inflammatory cytokines [6].

In HLH-94, the first prospective international 
study organized to investigate and treat HLH, the 
diagnosis was based on five criteria (fever, spleno-
megaly, bicytopenia, hypertriglyceridemia and/or 
hypofibrinogenemia, and haemophagocytosis) [7]. 

In HLH-2004, a modification of the diagnostics 
criteria was introduced and three additional criteria 
were added: low or no NK cell activity, hyperfer-
ritinaemia, and high levels of soluble interleukin 
(IL)-2 receptor [7].

Without the treatment mortality rate during 
HLH is extremely high even at 100%. The intro-
duction of the HLH-94 protocol and the subsequent 
modification of HLH-2004 allowed for the reduction 
of the mortality rate to 20–88% [1].

The study aimed to present three patients with 
an acquired form of HLH successfully treated in the 
Haemato-Oncology Department from September 
2018 to April 2021.

Case reports

Case 1
A 31-year-old woman was admitted to the De-

partment of Obstetrics and Perinatology because of 
complications in the pregnancy. It was her second 
pregnancy the advancement of which was: 34/ 
/35 weeks (according to OM) or 35/36 weeks (ac-
cording to ultrasound [USG]). The patient reported 
headache and fever for about a week (> 38°C), 
periodically itchy skin and dry cough. After the 
first week of the hospital stay, the patient was 
qualified to complete the pregnancy by caesarean 
section. The decision was made based on some 
abnormalities found in the foetus: oligohydramnios, 
abnormal flows in the middle cerebral artery, oe-
dema and tachycardia. Simultaneously the patient 
also presented tachycardia, abnormal values of 
transaminases, fever and high values of inflamma-
tory parameters [C-reactive protein (CRP) 111 mg/ 
/L]. Viral infections such as hepatitis A virus 
(HAV), hepatitis B virus (HBV), hepatitis C virus 
(HCV), and human immonodeficiency virus (HIV) 
were excluded. Anti-cytomegalovirus (CMV), anti- 
-EBV, and anti-Parvovirus B19 antibodies in the IgG 
class were positive but in the IgM class, they were 
negative. A CMV and EBV polymerase chain reac-
tion (PCR) test were performed, which were nega-
tive. Imaging examinations were performed. USG 
evaluation of the abdominal cavity revealed a liver 
of border size with features of steatosis and no obvi-
ous focal changes, spleen was enlarged to 165 mm.  
In the abdominal computed tomography (CT) scan 
— the enlarged liver was also found, the left lobe 
overlapped the spleen, and the spleen was enlarged 
with a bipolar dimension of approximately 172 mm. 
An additional 26 mm spleen was presented too.

Due to the deteriorating of the patient’s gen-
eral condition, no improvement after the use of 



132

Hematology in Clinical Practice 2022, vol. 13, no. 3–4

https://journals.viamedica.pl/hematology_in_clinical_practice

broad-spectrum antibiotics and based on symptoms 
(fever > 38°C, hyperferritinaemia, splenomegaly, 
pancytopenia, deterioration of liver function pa-
rameters), a HLH was suspected. The patient was 
urgently transferred to the Haemato-Oncology 
Department. First, the bone marrow trephine bi-
opsy was performed and the material was secured 
for cytological and pathomorphological evaluation. 
Haemophagocytes were visualized in the cyto-
logical examination of the bone marrow. Single 
scattered CD68+ cells, which may correspond 
to haemophagocytes were present in the patho-
morphological examination of the bone marrow 
(Figure 1A, B).

The patient met 6/8 criteria for the diagnosis 
of haemophagocytic lymphohistiocytosis: fever, 
splenomegaly, cytopenia in 3 cell lines (of periph-
eral blood), hyperferritinaemia (29,410 µg/L), 
hypertriglyceridemia, haemophagocytosis in the 
bone marrow. The patient was treated according to 
the HLH-2004 protocol with the use of intravenous 
etoposide, oral cyclosporine, and oral dexametha-
sone. Because the patient was in the postnatal 
period, inhibition of lactation with bromocriptine 
and anticoagulant prophylaxis with enoxaparin was 
recommended. After introducing the proper treat-
ment, meaning the HLH protocol, the patient’s 
clinical condition improved quickly. The patient 
was in the hospital only for the first two weeks of 
treatment. The treatment lasted 8 weeks and was 
completed on August 30, 2019. Based on blood 
count and biochemical tests — disease remission 

was achieved. The patient remains under observa-
tion in an outpatient clinic. In this case, probably 
the pregnancy was an HLH trigger.

Figure 2 presents serum ferritin levels during 
the treatment period in case 1.

Case 2
A 31-year-old man was admitted to the hospital 

in July 2018 due to a fever > 38°C lasting 3 weeks 
and hepatosplenomegaly. Imaging examinations 
(USG of the abdominal cavity) revealed the liver 
was enlarged to 165 mm in the right midclavicular 
line, homogeneous, normoechogenic, without focal 
changes, the spleen was also enlarged 140 × 50 mm,  
homogeneous and normoechogenic. CT of the ab-
dominal cavity revealed enlarged liver of 170 mm 
in the craniocaudal view dimension, homogeneous, 
with the features of steatosis, in segment VIII there 
was calcification of the size of 10 × 5 mm. Single 
lymph nodes were visible around the hilum of the 
liver, the size of the largest one was 16 × 11 mm. 
There was also shown a homogeneous, enlarged 
spleen (150 × 50 mm).

Based on the clinical picture and laboratory 
tests, a HLH was suspected. Ferritin concentra-
tion during diagnosis was high (62,335 µg/L). The 
patient was circulatory insufficient with a tendency 
to hypotension, The fluid in the pleural cavities, 
the pericardium, and the peritoneal cavity was 
found. Additionally, features of liver damage were 
observed and because of this, the patient was 
transferred to the Intensive Care Unit (ICU) and 

Figure 1A. Haemophagocytes in the cytological examination of the bone marrow; B. Single scattered CD68+ cells, 
which may correspond to haemophagocytes in the pathomorphological examination of the bone marrow

A B
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qualified for therapeutic plasma exchange (TPE). 
He developed also pancytopenia in the blood count.

After a haematological consultation, the pa-
tient initially received: dexamethasone 20 mg +  
+ immunoglobulin 15 g. Then therapy with steroids 
was continued and cyclosporine and etoposide were 
added according to the HLH-2004 protocol. During 
the ICU stay, 10 TPE procedures were performed. 
The patient received additionally a total of 11 packed 
red blood cell units, 14 infusions of platelet pools, 
and 10 units of cryoprecipitate. After achieving  
a stable general condition, the patient was transferred  
to the Department of Haemato-Oncology where 
the therapy according to the HLH-2004 protocol 
was continued. Due to the unacceptable toxicity of 
the treatment, prolonged periods of neutropenia, 
and deterioration of kidney function, the decision 
was made to terminate the treatment. It was in 
April 2019, in week 32 of the protocol. In laboratory 
tests, the concentration of ferritin was stabilized 
at the level of 1,361 µg/L. Currently, the patient is 
in remission of the disease, under the care of the 
Haematology Clinic. The concentration of ferritin 
is still above the upper limit of the normal range.

In this case, the infection was probably a trig-
ger of HLH although several blood cultures were 
performed during hospitalization and the microbes 
could not be grown.

Figure 3 presents serum ferritin levels during 
the treatment period in case 2.

Case 3
A 46-year-old man was admitted to the De-

partment of Haemato-Oncology in July 2020. 
Previously he was hospitalized in the ICU due 
to sepsis and acute kidney injury requiring renal 
replacement therapy. Based on the diagnostic tests 
performed (finding of haemophagocytes in myelo-
gram, hyperferritinaemia — 100,372 µg/L, hyper-
triglyceridaemia) and presence of fever as a general 
symptom a HLH was suspected. The treatment 
initially included steroid therapy and etoposide 
according to the HLH-2004 protocol. The dose of 
etoposide was reduced due to the severe general 
condition of the patient. What’s more, cyclosporine 
was not administered due to acute kidney damage. 
The applied treatment improved the patient’s 
condition so there was no need to continue renal 
replacement therapy. In the control examination of 
the bone marrow, which was performed twice, no 
haemophagocytes were present.

After several days of observation, the patient’s 
general condition deteriorated again. There was  
a fever, and laboratory data revealed increased 
levels of ferritin (203,220 µg/L) and triglycerides 
(726 mg/dL). The haemophagocytes appeared 
again in the bone marrow smear. The patient met 
the criteria for the diagnosis of relapsed haemo-
phagocytic lymphohistiocytosis. EBV DNA was 
detected in the blood PCR test. EBV infection as 
well as the previous SARS-CoV-2 infection could 

Figure 2. Serum ferritin levels during the treatment period in case 1
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be the causes of the induction of haemophagocytic 
lymphohistiocytosis. The treatment according to 
the HLH-2004 protocol was started again. Addi-
tionally, rituximab was used to eradicate the EBV. 
In the third month of hospitalization, CMV reactiva-
tion was also diagnosed. Ganciclovir was used in 
the treatment at a dose adjusted to the creatinine 
clearance and finally, the virus was eradicated. The 
patient’s hospitalization was complicated by septic 
shock induced by Klebsiella pneumoniae extended-
spectrum beta-lactamases (ESBL)(+) and an epi-
sode of atrial fibrillation with symptoms of acute 
heart failure requiring electrical cardioversion.

During the next hospitalization In December 
2020, the patient was diagnosed with reinfection 
with the SARS-CoV-2. The infection period was 
uneventful. Due to the biochemical features of the 
HLH and the patient’s poor general condition, it 
was decided to start treatment with ruxolitinib off-
label. The patient has been receiving ruxolitinib at 
a dose of 20 mg/daily since January 2021 and partial 
remission was achieved. Currently, the patient is 
qualified for allogeneic bone marrow transplan-
tation from an unrelated donor. The search for  
a donor is ongoing.

Figure 4 presents serum ferritin levels during 
the treatment period in case 3.

Discussion

HLH is a medical condition associated with 
the over-activation of the immune system. Haema-
topoietic and lymphoid tissues are directly involved 
while other organs are secondarily damaged by 
circulating cytokines and chemokines, the produc-
tion of which is excessive [8]. Stimulated lympho-
cytes and macrophages produce pro-inflammatory 
cytokines including IL-1, IL-6, IL-18, and tumour 
necrosis factor alpha (TNFa). Fever is caused by 
endogenous pyrogens IL-1, IL-6 and TNFa [1, 8]. 
Pro-inflammatory cytokines, mainly TNFa and 
interferon gamma (IFNg), can strongly inhibit the 
activity of lipoprotein lipase and consequently 
lead to the stimulation of triglyceride synthesis 
[8, 9]. Patients with HLH also often suffer from 
coagulation disorders in the form of an isolated 
decrease in fibrinogen concentration, most likely 
resulting from increased fibrinolysis. Occasionally, 
hypofibrinogenaemia may be associated with dis-
seminated intravascular coagulation that may occur 
in severe HLH [10].

HLH should be included in the differential 
diagnosis of sepsis, systemic connective tissue 
diseases, and systemic inflammatory response 
syndrome (SIRS). The study by Jordan and col-

Figure 3. Serum ferritin levels during the treatment period in case 2
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leagues analysed the problem of difficulties in 
the differential diagnostics of HLH [11]. A very 
important aspect during the diagnostic process is 
the time factor, making the diagnosis and starting 
treatment as soon as possible from the first symp-
toms to treat patients successfully — it means 
saving patients’ lives.

The pathogenesis of HLH is most often a mul-
tifactorial process. One possible cause of HLH is 
EBV infection [12]. There are also reports related 
to the occurrence of HLH in the course of SARS- 
-CoV-2 infection or after coronavirus disease 2019 
(COVID-19) vaccination. Dewaele et al. [13] pre-
sented a case of a patient with acute respiratory 
failure in the course of SARS-CoV-2 infection [13]. 
Lubnow et al. [14] described a 21-year-old woman 
who was hospitalized due to coronavirus disease 
COVID-19-associated respiratory and hepatic im-
pairment with severe haemolytic anaemia. HLH 
was additionally diagnosed, and immunosuppres-
sion was introduced. Because of the deterioration 
of the patient’s general status immunosuppression 
was stopped and convalescent donor plasma was 
given with good results [14]. Tang and Hu [15] 
published a case of HLH developing in a healthy 
individual after COVID-19 vaccination. Laboratory 
evaluation shows among other abnormalities posi-
tive test for EBV DNA. After confirmation of HLH 
diagnosis steroids (dexamethasone acetate) were 

immediately prescribed and the patient’s status 
improved. The authors emphasized how important 
is to exclude the presence of active EBV infection 
or other common viruses before COVID-19 vac-
cination [15].

In current diagnostics it is necessary to use 
the diagnostic criteria according to the HLH 
Study Group 2004, which consider all: laboratory 
criteria [cytopenia, hypertriglyceridaemia, hyper-
ferritinaemia, hypofibrinogenemia, low or no NK 
cell cytotoxic activity, high concentration for the 
soluble IL-2 receptor (sCD25)], clinical criteria 
(fever, splenomegaly) and histopathological criteria 
— haemophagocytosis in the bone marrow, lymph 
node or cerebrospinal fluid [16]. NK cell function 
assay and evaluation of soluble IL-2Ra levels are 
unavailable in most haematology laboratories, unlike 
ferritin levels which are easier to evaluate, and the 
results may be available on the day of testing [17]. 
The concentration of ferritin is a very sensitive and 
best parameter for monitoring disease activity both 
at the time of diagnosis and during treatment. Allen 
and colleagues showed that ferritin levels above 
10,000 µg/L may be specific and sensitive to HLH. 
However, he emphasized the need for the exclusion 
of an underlying medical history that could increase 
the concentration of ferritin [18].

On the one hand, Sandnes et al. [19] in 2021 
published their work concerning causes of hyper-

Figure 4. Serum ferritin levels during the treatment period in case 3
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ferritinaemia in routine medical practice. Accord-
ing to their results, only 10% of hyperferritinae-
mia is associated with iron overload. Among the 
rest, there is inflammation metabolic syndrome, 
chronic alcohol consumption, cellular damage and 
malignancy. Primary and secondary HLH present  
rare causes of hyperferritinaemia without iron 
overload [20].

On the other hand, evaluation of the fer-
ritin concentration in HLH could provide very 
important information. In the presented cases 1 
and 2, a trend was observed to decrease ferritin 
concentration after 2–3 weeks from the start of 
treatment and finally, remission of the disease was 
achieved. Case No. 3 is an example of a patient in 
whom overlapping viral infections (SARS-CoV-2, 
EBV, CMV) caused continuous activity of the HLH, 
consistently high concentration of ferritin, despite 
the cytostatic and immunosuppressive treatment. 
Lin et al. [21] presented the usefulness of regular 
ferritin measurements in predicting treatment 
outcomes in patients with HLH. Additionally, Kohli 
et al. [22] showed that high serum ferritin levels 
are highly predictive of mortality and morbidity.

The introduction of the HLH-94 protocol to 
the treatment of HLH, with a modification in HLH- 
-2004, significantly reduced the mortality rate in 
the course of the disease. Both protocols developed 
for children are commonly applied but are not 
validated for adults. In the HLH-2004 protocol cy-
closporine (CSA) was administered upfront instead 
of after 8 weeks as in HLH-94 [23]. CSA is associ-
ated with side effects as well as contraindications, 
so HLH-94 remains the recommended standard of 
care because is less toxic [24, 25]. The HLH-2004 
protocol was chosen because the first patient was 
severe ill (in a very poor condition) and the good re-
sults of this treatment encouraged the introduction 
of these protocols in the remaining two patients, 
although using the HLH-2004 protocol there were 
made some modifications (for example in second 
patients) resembling HLH-94 protocol. In a paper 
published in 2013 by prof Machaczka [26] based on 
his own experience, there is a proposal for HLH 
treatment according to the HLH-2004 protocol in 
the authors’ modification for the therapy of adults. 
In patients with first-line treatment failure or re-
lapse of the underlying disease, allogeneic bone 
marrow transplantation with ruxolitinib bridging 
treatment is the option. Wang et al. [27] showed 
the above use of ruxolitinib and noted that in China 
there are ongoing studies on the validation of the 
DEP-R (doxorubicin, etoposide, methylpredniso-
lone, ruxolitinib) regimen. Currently, patient 3 in 

whom the first-line chemotherapy failed has been 
receiving ruxolitinib. The patient achieved partial 
remission, and stabilization of ferritin level —  
6,555 µg/L, without reactivation of CMV, EBV  
and SARS-CoV-2. The patient does not require 
hospitalization and is currently looking for a donor 
unrelated to allogeneic bone marrow transplanta-
tion.

Research is also ongoing on targeted therapies 
for HLH. Currently, the first reports from 2019 
refer to alemtuzumab as the first-line approach in 
the treatment of primary HLH. The first prospec-
tive studies indicate that alemtuzumab enables the 
control of HLH activity with a favourable safety and 
tolerability profile [28].

Conclusion

HLH is a difficult and interdisciplinary di-
agnostic and treatment problem. It is necessary 
to popularize knowledge about fast and targeted 
diagnostics. Among laboratory finding the ferritin 
concentration seemed to be especially helpful as  
a predictor of treatment effectiveness. Proper diag-
nosis and treatment introduced as early as possible 
could save patients’ life.
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