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Abstract
BACKGROUND
Hemophagocytic lymphohistiocytosis (HLH) is a rare life-threatening disorder, often resulting in the immune-mediated injury of multiple organ systems, including primary HLH and secondary HLH (sHLH). Among them, sHLH results from infections, malignant, or autoimmune conditions, which have quite poor outcomes even with aggressive management and are more common in adults.

CASE SUMMARY
We report a rare case of a 36-year-old female manifested with sHLH on background with systemic lupus erythematosus (SLE). During hospitalization, the patient was characterized by recurrent high-grade fever, petechiae and ecchymoses of abdominal skin, and pulmonary infection. Whole exon gene sequencing revealed decreased activity of natural killer cells. She received systematic treatment with Methylprednisolone, Etoposide, and anti-infective drugs. Intravenous immunoglobulin and plasmapheresis were applied when the condition was extremely acute and progressive. The patient recovered and did not present any relapse of the HLH for one year of follow-up.

CONCLUSION
The case showed sHLH, thrombotic microvascular, and infection in the whole course of the disease, which was rarely reported by now. The treatment of the patient emphasizes that early recognition and treatment of sHLH in SLE patients was of utmost importance to improve the prognosis and survival rate of patients.
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Core Tip: Hemophagocytic lymphohistiocytosis (HLH) is a rare life-threatening disorder, including primary HLH and secondary HLH (sHLH). We report a rare case of a 36-year-old female manifested with sHLH on background with systemic lupus erythematosus (SLE) and related with decreased activity of natural killer cells according to whole exon gene sequencing. Our study expanded the thoughts on the diagnosis and treatment of HLH in SLE patients.

INTRODUCTION
Hemophagocytic lymphohistiocytosis (HLH) is a rare potentially life-threatening disorder, resulting in pathologic immune activation mediated multi-organ dysfunction[1,2]. It can be divided into primary HLH and secondary HLH. Primary HLH is an inherited autosomal recessive disorder that often manifests in the pediatric population[2]. Secondary HLH (sHLH) results from infections, malignancy, or autoimmune condition, and more commonly manifests among adults[3]. The clinical characteristics of HLH vary, but can include prolonged fever, lymphadenopathy, hepatosplenomegaly, and elevated levels of alanine aminotransferase, aspartate aminotransferase, triglyceride, and ferritin[4,5].
Systemic lupus erythematosus (SLE) is an autoimmune condition that is strongly associated with HLH[6]. In SLE patients, the estimated prevalence of co-occurrence of sHLH has been reported to be 0.9%-4.6%[7,8]. Here, we report a rare case of a young female with SLE accompanied by HLH. The patient’s symptoms and laboratory abnormalities improved dramatically after two hospital admissions to our department, and no relapse of HLH symptoms was detected during the 1-year follow-up.

CASE PRESENTATION
Chief complaints
The 36-year-old Han Chinese woman was admitted to our hospital following two-month recurrent high-grade fever (> 39°C).

History of present illness
The patient initially presented to our hospital with Intermittent high-grade fever on January 4, 2021. The fever lasted for more than 20 d peaking at 40.4°C. She previously visited a local hospital and the laboratory results showed a reduced total white blood cells (WBC) count (1.8 × 109/L), and reduced counts of lymphocytes (0.4 × 109/L) and neutrophils (1.24 × 109/L). Dramatically increased C-reactive protein (CRP) levels (54.4 mg/L) were also detected. The patient was treated with broad-spectrum antibiotics (detailed drug names, duration, and dosages were not known). However, after the symptoms did not improve, the patient was finally admitted to our hospital for further treatment.

History of past illness
The patient had been diagnosed with SLE for more than 9 years and was treated with prednisone (10 mg per day). She did not report any history of chronic respiratory disease or surgical procedures. No travel history, infectious exposure was reported. She was allergic to quinolones.

Personal and family history
There was nothing of note in the patient’s personal or family history.

Physical examination
Upon admission, the patient was conscious and her temperature was 39.5°C, her heart rate was 119 beats/min, and her blood pressure was 111/86 mmHg. No enlarged lymph nodes were found. Systemic examination found no signs of hepatosplenomegaly, abdominal tenderness, or rebound pain.

Laboratory examinations
Laboratory results on admission revealed decreased levels of WBCs (2.41× 109/L), neutrophils (1.68 × 109/L), red blood cells (RBCs, 2.71 × 1012/L), hemoglobin (Hb, 80 g/L), and serum calcium (CA, 2.00 mmol/L), and increased levels of ferritin (1835.3 µg/L), CRP (62.04 mg/L), procalcitonin (0.71 ng/mL), erythrocyte sedimentation rate (138 mm/h), interleukin (IL)-10 (5.9 pg/mL), IL-6 (328.56 pg/mL), IL-2R (1060 U/mL), and interferon (IFN)-γ (65.29 pg/mL). The patient tested positive for anti-nuclear antibody (ANA) (titer > 1:1000) and anti-SSA antibody (> 400.00 RU/mL), but negative for other antibodies including anti-dsDNA antibody, anti-Smith antibody, and antiphospholipid antibody. Hypertriglyceridemia was also detected in the patient. The results of other investigations are shown in Figure 1A-D.

Imaging examinations
Computed tomography (CT) of the chest revealed patchy shadows in the lower lobe of the left lung (Figure 2B). Ultrasound of the abdomen and pelvis showed no sign of hepatosplenomegaly. 

Further diagnostic work-up
After 3-d of anti-infective treatment (injection of dexamethasone and cefoperazone sodium), the patient’s temperature decreased to 37.4°C. To investigate the cause of the persistent high fever in this patient, bone marrow aspiration was performed three days after admission (day 3) and showed normal with no significant hemophagocytosis (Supplementary Figure 1A). Examination of the peripheral blood revealed an increased proportion of neutrophils, toxic particles within the cytoplasm, variation in the size of mature red blood cells, with some arranged in straight lines, and clearly visible platelets that appeared both scattered and aggregated (Supplementary Figure 1B).
In addition, we performed the whole exon gene sequencing to screen for genetic diseases and revealed missense mutations in the LYST gene [c.910G>A (p.D304N)], ATM gene [c.8071C>T (p.R2691C)], and FERMT1 gene [c.1590A>T (p.K530N)]. Among them, LYST gene is involved in lysosomal transport regulation. The abnormality mutation in LYST gene may cause lysosomal membrane fusion disorder, deposition of giant cytoplasmic particles, inducing immunodeficiency syndrome-related HLH. ATM gene encodes a key kinase of cell cycle checkpoint, which plays an important role in cell cycle regulation and DNA damage response. Abnormality of ATM gene may lead to Ataxia-telangiectasia (A-T), which is characterized by immune deficiency, ataxia, telangiectasia, chromosome instability, tumor susceptibility. The protein encoded by FERMT1 gene is involved in integrin signal transmission and the linkage between actin skeleton and outer matrix. Genetic abnormalities of FERMT1 can lead to FERMT1-related immunodeficiency characterized by skin diseases, photosensitivity, and autoimmune diseases. Next-generation sequencing of microorganism infection in peripheral blood also showed negative results.

FINAL DIAGNOSIS
The patient was diagnosed with SLE according to clinical guidelines[9], with an SLE Disease Activity Score (SLE- DAS) of 55[10] indicating that she was in the active stage of SLE after a 9-year disease duration. On evaluation, altogether four of the eight diagnostic criteria of HLH were fulfilled[11], although her bone marrow biopsy showed no hemophagocytosis. A diagnosis of HLH secondary to SLE was made (Table 1). The diagnosis of the patient also included thrombotic microangiopathy and severe pulmonary infection. Thrombotic microangiopathy was diagnosed according to a combination of symptoms and signs, including scattered petechiae and ecchymoses over her abdomen and extremities. Severe pulmonary infection was diagnosed based on uncontrolled recurrent fever and chest CT findings. Recovered infection foci in the lungs after continuous antimicrobial treatment also aided the diagnosis of severe pulmonary infection.

TREATMENT
Control of sHLH caused by SLE
Initially, the patient received broad-spectrum antimicrobial treatment at a local hospital with no significant improvement in symptom. Then, the patient was admitted to our hospital and after an extensive medical examination diagnosed with systemic autoimmune abnormalities induced by sHLH. She was treated with methylprednisolone (6 d), immunosuppressants (tacrolimus), and antimicrobial therapy. Plasmapheresis and etoposide were applied when the condition was extremely acute and progressive. Along with gamma globulin and leukocyte raising therapy, the patient’s temperature returned to normal. Then methylprednisolone was maintained at 50 mg/d (Figure 1E). 

Thrombotic microvascular disease
As the disease rapidly progressed, several scattered petechiae and ecchymoses were detected over the patient’s abdomen and extremities (Figure 2A). Besides, patient showed decrease levels of platelet and hemoglobin, and severe abdominal pain. Platelet and plasma transfusions were performed in response to coagulation dysfunction.
Anti-infective therapy
Because of methylprednisolone and immunosuppressant treatment, the patient presented with infection. As a result of granulocyte deficiency and the absence of a definite etiological diagnosis, the infection was difficult to control and, following recurrent episodes of fever, the patient was re-admitted to our hospital. After continuous antimicrobial treatment, infection foci in the lungs were eventually confined (Figure 2B-E).

OUTCOME AND FOLLOW-UP
The patient was discharged after her temperature normalized for 6 d and laboratory abnormalities and the patient’s condition had improved. After 1 year of follow-up, no episodes of fever were reported, and laboratory findings were normal. Chest CT showed that the shadow on the lungs had diminished (Figure 2F).

DISCUSSION
In this study, we report a case of a young female SLE patient who developed sHLH, thrombotic microvascular disease, and infection of the lungs during the course of the disease. As far as we know, this is the first case of an SLE patient with a disease course accompanied by sHLH, thrombotic microvascular disease, and infection. As a rare case of a young female with SLE accompanied by HLH. The patient presented with thrombotic microangiopathy (TMA) and infection on second admission to our hospital, which was an essential reminder for clinicians during treatment of SLE patients complicated with HLH. Besides, we also did whole exon gene sequencing to screen for genetic diseases.
Primary HLH is generated from genetic mutations disrupting cytotoxic effects such as the normal assembly of perforins and granzymes, proper trafficking and targeting of cells, and the timely cessation of the immune response. sHLH results from a malignant, infectious, or autoimmune stimulus. The pathophysiology of HLH is characterized by abnormal reciprocal activation of cytotoxic T lymphocytes, natural killer cells, and macrophages, and dramatic elevations in cytokine levels. sHLH is also referred to as macrophage activation syndrome (MAS) or more recently MAS-HLH[12]. Nearly 25% of SLE-associated MAS-HLH cases occurred when the ﬁrst manifestation of the underlying disease was detected with no identifiable trigger[12]. The patient in our study had been diagnosed with SLE for 9 years and had no obvious causes for MAS-HLH, indicating that sHLH may not only accompany the first manifestation of symptoms but may also arise after long-term SLE. Clinicians should therefore be vigilant with patients suffering from intermittent fever regarding infections, malignant lymphoid tumors, and febrile recessive diseases[11]. Tuberculosis, for which there are more than 10 million new cases each year, should be ruled out as almost half of the patients present exclusively with extrapulmonary disease[13]. Our patient received empirical treatment for tuberculosis after several negative attempts to gain laboratory evidence. However, no clinical improvement was observed. Bone marrow biopsy was also performed and showed no involvement of the marrow due to lymphoma.
The previous study systematically reviewed the characteristics of patients with SLE and MAS[14]. Aziz et al[14] demonstrated that MAS development in SLE patients led to highly intensive care unit admissions and in-hospital mortalities with the presence of infection, and thrombocytopenia. Similar to the review, the patient in our case report showed dramatically increased levels of ferritin, which formed an important part of the diagnostic criteria[14]. Despite MAS-HLH being a life-threatening disorder, the complexity of the underlying diseases, triggers, and associated symptoms means that there is currently no standardized treatment protocol for HLH in adults[15]. Patients have shown the beneficial effects of treatment with a combination of corticosteroids with other immunosuppressive medications compared with corticosteroids alone[8,16]. In our case study, we used a combination treatment strategy and received a satisfactory therapeutic effect. However, there is no clear conclusion on which immunosuppressant is preferable for MAS-HLH in SLE patients[8]. Further studies are needed to investigate the detailed treatment strategies for MAS-HLH secondary to SLE.
TMA is a rare and fatal complication in SLE patients[17], occurring in 3%-9% cases of SLE cases[18]. The pathology of TMA in SLE patients is that endothelial injury results in thrombosis in capillaries and arterioles[19]. The trigger factors of TMA in SLE patients included lupus flare, infection, pregnancy, and medication non-compliance[17]. TMA has been divided into thrombotic thrombocytopenic purpura (TTP) and hemolytic uremic syndrome. The triggering factor in our case was severe infection. TTP has been associated with more deleterious outcomes in patients with SLE[17]. Importantly, no standardized clinical treatment guideline has been reported for TMA secondary to SLE[17]. The basic treatment strategies currently employed, which include glucocorticoids, immunosuppressive therapy, anticoagulation, anti-platelet agents, and plasmapheresis, result in treatment failure in half of all patients[20]. Our patient was treated on coagulation dysfunction and a positive therapeutic effect was observed. A combination of multiple treatment strategies, including basic treatment and supportive treatment, would maximize the therapeutic effect and improve the prognosis of patients.
Pulmonary manifestations of SLE normally include disorders of the lung parenchyma, pleura, and pulmonary vasculature[21]. Furthermore, immunosuppressive treatment, which is routinely used during SLE management, predisposes to an increased risk of respiratory infections[22]. Respiratory infection often mimics acute pulmonary manifestations secondary to SLE[21]. Pulmonary infection in SLE patients presents with a wide array of symptoms and is difficult to differentiate from other pulmonary disorders related to SLE[23]. Our patient presented with infection foci in the lungs. After timely anti-infection treatment, her body temperature returned to normal, and the lung infection foci were absorbed. Careful screening of complications in SLE patients should be undertaken by clinicians to improve the prognosis of patients.
Our study had some limitations. We did not check nature killer cell activity. These are not routine tests, and it is difficult to rely on such test results to determine HLH diagnosis, as this condition occurs at such low incidence rate. Furthermore, our patient did not have continuous clinical examination data because she was admitted to hospital on two separate occasions.

CONCLUSION
This case study examines the characteristics of sHLH, infection, and the thrombotic microvascular during the course of sHLH disease in an SLE patient, which has rarely been reported to date. Our findings highlight the importance of the early recognition and treatment of sHLH in SLE cases to improve the prognosis and survival rate of MAS-HLH patients.
This case report also highlights that fever and pancytopenia acted as important clinical features of SLE and sHLH. The features that prompted consideration of sHLH in this patient were fever, pancytopenia, hypertriglyceridemia, and hyperferritinemia coupled with her 9-year history of SLE. Timely recognition, early and effective interventions to treat the triggers and pathological processes, and systematic symptomatic treatment are crucial in curbing the rapid progressive disease course. Although significant advances have been made, much work is still needed in the HLH field to deepen our understanding of this condition and improve patient outcomes.
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Figure Legends
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Figure 1 Inflammatory and hematologic results during hospitalization. A: Body temperature of the patients; B-C: the count of blood cells, including red blood cells (RBC), white blood cells (WBC), lymphocyte and monocyte; D: The concentration of hemoglobin and ferritin; E: Treatment schedule, lines and arrows represent continuous therapy. RBC: Red blood cell; WBC: White blood cell; Hb: Hemoglobin; PLT: Platelet; ANC: Absolute neutrophilic count.
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Figure 2 Abdominal skin and scan of chest computed tomography. A: Scattered petechiae and ecchymoses were detected over the patient’s abdomen and extremities during hospitalization; B-F: Chest computed tomography showed the recovery of infection foci in the lungs.






Table 1 Baseline characteristics and hemophagocytic lymphohistiocytosis diagnosis of patient
	Variables
	Patient

	Baseline characteristics
	

	Age (yr)
	36

	Etiology/Trigger
	SLE and multiple infections

	HLH- directed therapies
	VP16 and Methylprednisolone

	HLH- 2004 criteria at diagnosis (ref.: Henter-2007)
	

	Fever
	Y

	Splenomegaly
	N

	Cytopenia, affecting 2 of 3 lineages in the peripheral blood
	

	Hemoglobin concentration < 9 g/dL
	Y

	Neutrophil count< 1.0 × 109/L
	Y

	Platelet count< 100 × 109/L
	Y

	Hypertriglyceridemia (fasting ≥ 3.0 mmol/L) and/or hypofibrinogenemia (≤ 150 mg/dL)
	Y

	Hemophagocytosis in bone marrow or spleen or lymph nodes (no evidence of malignancy)
	N

	Low or absent natural killer cell activity
	N/A

	Ferritin ≥ 500 ng/mL
	Y

	Soluble cluster of differentiation 25 (i.e. soluble interleukin 2 receptor) ≥ 2400 U/mL
	N


HLH: Hemophagocytic lymphohistiocytosis; N/A: Not applicable; Y: Yes; N: No; ref.: References.
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