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Background: Hemophagocytic lymphohistiocytosis (HLH) is known as a life-threatening syndrome, and Leishmania is the most
common protozoan that triggers infection-related HLH. It is thus important to find the root cause and treat it effectively.

Case Report: This paper reports a 44-year-old man who developed antisynthetase antibody syndrome previously. The patient
progressed rapidly to the extent of meeting the HLH-2004 diagnostic criteria, despite the unknown etiology. Although the patient was
promptly treated in line with the HLH-1994 protocol to achieve remission, he still relapsed after glucocorticoid reduction. Afterwards,
it was found out that HLH was secondary to Leishmania infection. The symptoms of HLH were alleviated quickly by the treatment
with Ruxolitinib and Amphotericin B.

Conclusion: Etiological screening plays a crucial role in leishmaniasis-related HLH. An experienced pathologist and real-time PCR
are essential for treating Leishmania. The treatment of Ruxolitinib and Amphotericin B proved effective in alleviating the relapse of
visceral leishmaniasis-related HLH.
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Introduction
Hemophagocytic lymphohistiocytosis (HLH), a high cytokine inflammatory syndrome, is classified as primary HLH and
secondary HLH (sHLH). sHLH is often induced by infectious, immunological, oncological diseases, drugs and gene
replacement therapy. Leishmania is known as the most common protozoan triggering infection-related HLH.'™ The
persistently abnormal activation of cytotoxic T cells and overexpression of cytokines (including interferon-y (IFN-y) and
interleukins 6 and 10 (IL-6 and IL-10)) are the major pathogenesis of HLH.* For those patients with Leishmania
infection, the immune cells infected with Leishmania would attract T cells and natural killer (NK) cells in the primary
infectious sites and other organs.” During this pathological process, these patients would suffer a series of proinflamma-
tory cytokines, and the serum level of cytokines is closely related to the amount of Leishmaniasis in the bloodstream.’
Ruxolitinib inhibits inflammatory cytokines, reduces T-cell proliferation, and reverses organ damage by interfering with
Janus kinase (JAK)-STAT signaling.®

The mortality rate among sHLH patients varied from 26.5 to 74.8%. Eighty-six percent of patients could benefit
from the HLH-1994 protocol.® It is reported in recent studies that the treatment based on Ruxolitinib for adult patients
with sHLH and refractory/relapsed HLH (R/R HLH) is safe and has achieved favorable outcome.**'? Since Leishmania
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infection would cause the overexpression of proinflammatory cytokines, it is assumed that the treatment based on
Ruxolitinib may be also effective for Leishmaniasis-related HLH.

This paper reports a case of refractory Leishmaniasis-related HLH patient, whose symptoms were alleviated by the
treatment based on Ruxolitinib and Amphotericin B.

Case Report

A 44-year-old male resided in Shanxi Province. This patient had a 5-year history of antisynthetase antibody syndrome and was
treated with cyclosporine A. After hospital admission in January 2020, he developed a high fever of 38.6°C without cold and
chills. The patient displayed breathlessness after walking 100 meters flat and struggled to squat independently. His symptoms
and laboratory values showed no improvement despite broad-spectrum antimicrobials. In March 2020, the patient still suffered
persistent fever. According to laboratory examination, WBC was 1.3x10"9/L, HB was 96 g/L, PLT was 113x10"9/L, FBG
was 1.36 g/L, serum ferritin exceeded 1500 pg/L, NK-cell activity was 14.96%, and sCD25 was 12,947 pg/mL. ALT, AST,
CK, and CK-MB were normal. The diagnosis of HLH was considered according to the symptoms displayed by the patient and
the results of examination (Figure 1). HLH-directed therapy was initiated with methylprednisolone (10 mg/kg per day) and
etoposide (100 mg/m?)."* After 2 weeks of chemotherapy, the patient’s body temperature returned to normal. As indicated by
the results of laboratory examination, WBC was 10.8x10"9/L, HB was 95 g/L, PLT was 55%10"9/L, and FBG was 1.74 g/L.

In June 2020, the patient developed a high fever of 39.5°C when the dose of prednisone was gradually reduced. The patient
was unable to stand up independently. Before long, he exhibited pancytopenia, high serum ferritin, low NK-cell activity, high
sCD25, splenomegaly, and hemophagocytosis in bone marrow (Figure 1). When analyzing the cause of HLH, we found out
that he came from the endemic area. Bone marrow aspirate showed Leishman-Donovan bodies (Figure 2), and Leishmania
infantum Noicolle DNA was detected in bone marrow. EBVDNA, CMVDNA, HIV serology and blood cultures were all
negative. Except for primary HLH, malignancy HLH, rheumatological HLH and other types of infection all induced HLH.
Eventually, the diagnosis of Leishmaniasis-related HLH was made. According to the recommendation made for the adults
with HLH, the patient was treated with Amphotericin B (0.3 mg/(kg-d); dose adjusted for renal insufficiency). In the
meantime, with informed consent obtained from the patient, he was also treated with Ruxolitinib in combination to relieve
the displayed symptoms. 10 mg of it twice per day was prescribed on the basis of Ruxolitinib for refractory/relapsed
hemophagocytic lymphohistiocytosis.’

Within 24 hours of starting Ruxolitinib treatment, the patient became afebrile. In August 2020, the Leishman-
Donovan bodies disappeared from the bone marrow aspirate, and the bone marrow Leishmania PCR turned negative.
During a follow-up made in October 2020, the patient was treated with Ruxolitinib, and the results of laboratory
examinations were normal (Figure 3).

After
Diagnosis of Ruxolitinib and
BnsetaflHLH Refractory HLH | Amphotericin
B
Fever X X
Splenomegaly X
Cytopenias
Hemoglobin < 90g/L X
Absolute Neutrophil Count < 1x10"9/L X X
Platelets < 100x1079/L X
Hemophagocytosis X X
Hypertriglyceridemia(>3mmol/L)
Hypofibrinogenemia(<1.5g/L) X
Low or absent Natural Killer Cell activity X
Ferritin=500ug/L X X
Soluble CD2526400pg/mL X X
HScore 184 203

Figure | Patient Laboratory and Clinical Response based on HLH-2004 Clinical Criteria and Hscore. X indicates that a criterion was met.
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Figure 2 Bone marrow aspirate showed Leishman-Donovan bodies and hemophagocytosis. Wright's staining, X100 oil immersion lens.
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Figure 3 Clinical and laboratory findings. (A) Temperature curve (°C). The patient was afebrile after HLH-1994 regimen treatment. The patient developed fever again
during dexamethasone reduction. The patient became afebrile and remained so after Ruxolitinib and Amphotericin B were administered. (B=D) WBC, HB, and PLT counts.
WBC, HB, and PLT recovered after the HLH-1994 regimen. After treatment based on Ruxolitinib and Amphotericin B, WBC, HB, and PLT counts returned to the normal
levels. (E=G) sCD25, ferritin and cytokines curves. After treatment based on Ruxolitinib and Amphotericin B, sCD25, ferritin and cytokines were reduced to normal.
Abbreviations: HLH, hemophagocytic lymphohistiocytosis; WBC, white blood cell; HB, hemoglobin; PLT, platelet; sCD25, serum CD25.

Discussion

In China, visceral leishmaniasis (VL) was especially prevalent in Shanxi, Gansu, and Xinjiang. VL is an opportunistic disease

in immunocompromised patients.'* Coming from the epidemic area of Shanxi Province, this patient had been receiving

immunosuppressive therapy for quite long. Therefore, care shall be exercised when the etiology of HLH is identified for rare

infections such as VL. An experienced pathologist and real-time PCR for Leishmania would be very helpful in this regard.
During the pathophysiological process of sHLH, it is difficult to eliminate infected cells due to the functional defects

of NK and T cells, and IFN-y is released in large amounts. After IFN-y binds the IFN-y receptor on macrophages, STAT1
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is phosphorylated by JAK1/2 in the cytoplasm. When macrophages are activated, large amounts of cytokines are
released, and red blood cells (RBCs) are engulfed.15

When Leishmania invades the host, it occupies the tissue macrophages in the spleen, liver, and bone marrow, thus
causing a wide range of clinical symptoms. VL can develop into systemic symptoms, including splenomegaly, hepato-
megaly, weight loss, persistent fever, and anemia. Cytokines are involved in the pathogenic process. IFN-y is increased in
symptomatic VL patients but reduced after treatment.'® IL-10 facilitates parasite reproduction and interferes with
infection control.'” A higher IL-6 level in VL patients than 200 pg/mL is closely associated with mortality.'®

Ruxolitinib is classified as a variety of JAK 1/2 inhibitor. Many of the key cytokines in HLH, including IFN-y IL-6
and IL-10, could bind to the receptors that release signal via JAKs. The cytokine binding on the cell surface leads to the
recruitment and activation (phosphorylation) of JAK proteins. This leads to the recruitment and activation (phosphoryla-
tion) of STAT proteins, STAT dimerization and nuclear translocation, which affects gene transcription. JAK inhibitors
block the pathway at the JAK level and prevent STAT activation.'® A pre-clinical study demonstrated the in vivo efficacy
of Ruxolitinib for sHLH, by suppressing the IFN-y, IL-6 and IL-10 via inhibiting JAK 1/2.* Currently, there have been
promising results obtained to prove Ruxolitinib a means of treatment for HLH, including primary HLH, secondary HLH
and R/R HLH.>® Anti-CD52 antibody alemtuzumab, anti-thymocyte globulin (ATG), IFN-gamma neutralizing antibody
emapalumab, IL-18 binding protein, anti-IL-6R antibody tocilizumab were also reported for HLH. "

Amphotericin B eliminates Leishmania by binding to ergocalciferol on the cell membrane and forming pores to cause ion
leakage. Ruxolitinib is effective in controlling body temperature and relieving inflammatory factor storm. Ruxolitinib is used
in combination with Amphotericin B to treat a mouse model of VL. The mice treated with Ruxolitinib alone exhibited
suppressed parasite growth in the liver. The parasite growth in the liver and spleen was inhibited after the use of ruxolitinib
for treatment in combination with Amphotericin B.?® In a previous case, single-agent amphotericin B relieved VL-HLH and
normalized body temperature after 3 days of treatment.?' In another report, 5 of 17 patients of VL-HLH died despite prompt
antiparasitic and immunosuppressive treatment.”” The combination therapy is based on amphotericin B for Leishmania and
Ruxolitinib to alleviate the cytokine storm. In our case, it was observed that the patient was quick to become afebrile after
receiving the treatment with Ruxolitinib. Besides, the level of cytokines was reduced rapidly reduced during treatment.
However, more clinical studies on VL-HLH are still required to determine when to start combination therapy.

Conclusion

Leishmania is the most common protozoan triggering infection-related HLH. The etiology of recurrent HLH should be
identified with care. Experienced doctors should exercise care when browsing the bone marrow slices and PCR of
Leishmania in bone marrow, which is conducive to gathering pathogenic evidence. The combined use of Ruxolitinib and
Amphotericin B is effective not only in reducing severe cytokines storm, but also in treating VL.
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