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Hemophagocytic lymphohistiocytosis (HLH) is a rare but potentially life-threatening condition caused by excessive immune activation. Secondary HLH is usually triggered by infection, most often from viral infection or malignancy. Here, we present a case of secondary HLH, complicated by multiple organ dysfunction syndrome triggered by critical aseptic encephalitis. A 27-year-old man without any underlying disease presented to our hospital with fever, disturbance of consciousness, and generalized seizures. The patient was diagnosed with aseptic encephalitis with super-refractory status epilepticus. Although antiseizure medications and immunoglobulins were administered, the patient developed multiple organ dysfunction syndrome. HLH was later diagnosed based on hypertriglyceridemia, hyperferritinemia, splenomegaly, cytopenia, and phagocytosis of nucleated cells, as shown by a blood smear of bone marrow aspiration. Treatment with pulse steroid therapy and plasmapheresis was initiated rather than chemotherapy because of the patient’s critical condition. However, the patient died of profound shock and multiple organ failure. Diagnosis of HLH is challenging in patients with severe infections because of similar clinical manifestations and laboratory findings. The early recognition of HLH provides patients with the opportunity to receive appropriate treatment, which can lead to increased survival and remission rates.
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1 Introduction

Hemophagocytic lymphohistiocytosis (HLH) is a systemic hyperinflammatory syndrome with a high mortality rate. It is a rare disease, with an estimated incidence rate of 1 in 800,000 per year (1). HLH can be classified as either primary (familial) or secondary (acquired). Primary HLH often occurs in early childhood and is caused by pathological immune activation that is often associated with genetic defects in lymphocyte cytotoxicity, whereas secondary HLH is the main cause of adult HLH and is caused by overt immune activation, which can be triggered by infections, or imbalanced immune homeostasis, such as malignancy or rheumatoid disease (2, 3). Both types of HLH may disrupt the normal immune system and result in a vicious cycle of inflammation, eventually leading to a cytokine storm and multiple organ damage (1, 2).

The diagnosis of secondary HLH is challenging because the clinical manifestations and laboratory findings often overlap with severe infections. The HLH-2004 diagnostic criteria were developed for the pediatric populations with HLH (4). According to the diagnostic criteria of HLH-2004, HLH should be genetic mutation associated or should contain at least five of the eight findings, namely, fever, splenomegaly, cytopenia, hypertriglyceridemia and/or hypofibrinogenemia, hemophagocytosis, low or absent natural killer (NK) cell activity, elevated ferritin, and high-soluble CD25 [soluble interleukin-2 receptor (sIL-2R)]. HScore, another scoring system, was developed to provide an effective method to estimate the possibility of secondary HLH in adults (5). The score comprised three clinical (known underlying immunosuppression, temperature, and organomegaly), five biological (cytopenia, ferritin, triglyceride, fibrinogen, and aspartate aminotransferase), and one cytological (hemophagocytic features on bone marrow aspirate) variables and approximately weighted. Currently, there are no standard treatments for adult HLH. However, immunosuppressants may be beneficial, and allogeneic hematopoietic stem cell transplantation (HSCT) may promote disease remission in patients who become reactivated or are refractory to the initial treatment (6). Owing to the high mortality rate, early diagnosis is important for commencing life-saving treatment. Herein, we present a case of secondary HLH complicated by multiple organ dysfunction syndrome (MODS) triggered by critical aseptic encephalitis.




2 Case report

A 27-year-old man with no underlying disease presented to our hospital with fever, impaired consciousness, and generalized seizures. One week before admission, the patient had cough and myalgia. He was diagnosed with common cold at a local hospital, where symptomatic treatment was given. On admission, his body temperature was 38.7°C; blood pressure, 137/79 mmHg; heart rate, 97 beats per minute; and respiratory rate, 20 times per minute. Neurological examinations revealed impaired consciousness (Glasgow Coma Scale E3V2M5), intact eyeball movement, normal muscle strength of limbs (Medical Research Council scale grade 5), and bilateral absence of the Babinski sign. His neck was supple. He was intubated with mechanical ventilation later due to deterioration in level of consciousness and status epilepticus.

Laboratory studies showed leukocytosis (16.6 × 103/µL), elevated aspartate aminotransferase (228 U/L; reference value < 40 U/L), and rhabdomyolysis (creatine kinase [CK], 98540 U/L; reference value, 39–308 U/L). Cerebrospinal fluid (CSF) analysis showed white blood cell count, 144/µL (76% neutrophils, 20% lymphocyte, and 4% histiocytes); red blood cell count, 75/µL; total protein, 100 mg/dL; and glucose, 92 mg/dL (serum glucose, 126 mg/dL). Viral polymerase chain reaction (PCR) assays of CSF were negative for cytomegalovirus, herpes simplex virus (HSV-1 and HSV-2), human herpesvirus 6, varicella zoster virus, enteroviruses, and human parechoviruses. CSF cultures for bacteria, viruses, and fungi, and test for region-specific infections, including dengue virus, Japanese encephalitis virus, tuberculosis, and leptospirosis were all negative. Surveys for autoimmune and limbic encephalitis were negative. The brain magnetic resonance imaging with gadolinium enhancement showed increased vessel enhancement in the cerebral sulci and bilateral dura thickening (Figure 1A), suggesting an inflammatory or infectious process. The electroencephalography (EEG) revealed intermittent sharp-and-slow waves and episodic theta slow waves over bilateral hemispheres.




Figure 1 | (A) T1-weighted brain magnetic resonance imaging with contrast enhancement showing increased vessel enhancement in the cerebral sulci (left panel) and bilateral dura thickening (right panel), suggesting an inflammatory or infectious process. (B) Bone marrow smear showing proliferated macrophages with phagocytosis of nucleated cell (arrow, left panel) and platelets (arrow, right panel) (Wright-Giemsa stain, × 1000). (C) Abdominal computed tomography showing normal spleen size on day 12 of admission (arrowhead, left panel), and splenomegaly (arrowhead, right panel), with the length measuring 12.7 cm on day 18 of admission. (D) Diffuse skin petechiae.



Toxicology screen, blood biochemistry, autoimmune profiles, malignancy surveys, viral hepatitis markers, Epstein–Barr virus (EBV), cytomegalovirus, and human immunodeficiency virus (HIV) screens were unremarkable. Based on the clinical features, CSF data, EEG, and imaging findings, aseptic encephalitis complicated with super-refractory status epilepticus was diagnosed. Despite administering several antiseizure medications, including levetiracetam, topiramate, lacosamide, pregabalin, perampanel, and midazolam infusion, his seizures remained uncontrolled and his consciousness deteriorated. Intravenous immunoglobulin (2 g/kg) was administered on suspicion of seronegative autoimmune encephalitis; however, there was no apparent effect. Bone marrow aspiration was performed because of new-onset bicytopenia (anemia and thrombocytopenia, Table 1). The blood smear showed phagocytosis of nucleated cells (Figure 1B). Furthermore, new-onset hypertriglyceridemia (478 mg/dL on day 12 of admission; initial value, 84 mg/dL), high serum ferritin level (4501 ug/L; Table 1), and new-onset splenomegaly (Figure 1C) were found.


Table 1 | Laboratory results and therapeutic agents used during the course of hospital stay.



Finally, HLH was diagnosed based on the diagnostic criteria of HLH-2004 and HScore. Secondary HLH triggered by critical aseptic encephalitis was considered after excluding autoimmune disorders, immunodeficiency, and malignancies. Sepsis and MODS developed, including jaundice (bilirubin, 16.8 mg/dL), acute kidney injury (creatinine, 4.5 mg/dL), acute respiratory distress syndrome (PaO2/FiO2 ratio < 100), and disseminated intravascular coagulation with multiple skin petechiae (Figure 1D). Antibiotics and antifungal agents were administered to control pneumonia, urinary tract infection, leuconostoc bacteremia (detected on day 18 of admission), and Candida albicans fungemia (detected on day 20 of admission). After discussion with his family, chemotherapy, such as etoposide, was not used due to the patient’s unstable vital signs and critical condition. Pulse steroid therapy (methylprednisolone, 1 g/day) and plasmapheresis were initiated. However, profound shock without response to vasopressors was noted, and the patient died.




3 Discussion

Here, we present a case of HLH complicated by MODS, eventually leading to a fatal outcome. Based on the clinical features, CSF data, EEG, and imaging findings, and exclusion of other autoimmune disorders, immunodeficiency, and malignancies, we believe this was a case of secondary HLH triggered by critical aseptic encephalitis. Although primary HLH is rare in adults (7), the possibility of primary HLH cannot be excluded completely, because genetic test was not performed in this patient.

The prevalence of HLH is extremely low (approximately one per 800,000 people and one to 10 per 1,000,000 children) (1). No standard diagnostic criteria had been established until 1991; the “Histiocyte Society” suggested five diagnostic criteria, namely, fever, splenomegaly, cytopenia, hypertriglyceridemia and/or hypofibrinogenemia, and hemophagocytosis (8). However, its specificity is insufficient to differentiate between HLH and other severe diseases. The revised diagnostic standard was published in 2004 (4) and added three additional criteria: low or absent NK-cell activity, hyperferritinemia, and high sIL-2R levels. According to the HLH-2004 trial, except for verified HLH-associated genetic mutations, the diagnosis of HLH must meet at least five of the eight criteria.

With our patient, six criteria were confirmed, namely, fever, bicytopenia (anemia and thrombocytopenia), hypertriglyceridemia, hemophagocytosis, hyperferritinemia, and splenomegaly. HScore is an effective method to evaluate the possibility of secondary HLH in adults (5, 9). The probability of having hemophagocytic syndrome ranged from <1% with an HScore of ≤90 to >99% with an HScore of ≥250 (5). A validation study of the HScore and the HLH-2004 diagnostic criteria in a multicenter cohort showed that HScore ≥200 demonstrated excellent diagnostic accuracy for HLH (9). The total HScore in our patient was 233 points, indicating that the probability of HLH was approximately 98%–99%.

The patient had an upper respiratory tract infection 1 week before admission, followed by aseptic encephalitis with super-refractory status epilepticus. He was in good health, and no family history and similar symptoms have been noted in the past. Therefore, secondary HLH is more likely than primary HLH in this patient. Features suggestive of a genetic cause include young age at presentation, positive family history, consanguinity, and prominent central nervous system (CNS) disease. Other relevant clinical features such as albinism, inflammatory bowel disease, isolated CNS involvement, and EBV-immunodeficiency may suggest specific genetic causes (7). PRF1 gene, first described in the pathogenesis and accounting for 20%–40% of hereditary HLH are commonly seen in Asia (10). A large cohort study involving 252 adolescent and adult patients with HLH showed genetic mutations in 18 patients (7.1%), with PRF1 being most common (11). It is noteworthy that most patients with PRF1 mutation had viral infection at HLH onset. Other gene mutations linked to familial HLH include UNC13D, STX11, STXBP2, Rab27a, SH2D1A, or BIRC4 (12). Mutations in SH2D1A are associated with X-linked lymphoproliferative disease type 1, which could result in HLH following EBV infection (13). The findings illustrate that HLH could be the result of a combination of inherited genetic mutations and extrinsic triggers. Therefore, genetic testing in patients with probable HLH should be considered early and it can dramatically affect diagnosis and management.

In a multicenter study of 162 adult patients with reactive hemophagocytic syndrome, a high mortality rate of 20% has been reported in the first month (14). Data suggested an overall mortality rate of 41% in 1109 adults (1). Poor survivals were particularly in those aged over 75 years and those with hematological malignancy (15). In addition to the fatal course of HLH, nonspecific clinical presentation and many mimics can delay diagnosis. The most common mimic is severe sepsis, typically associated with fever, pancytopenia, liver dysfunction, and coagulopathy. Fever with an unknown pathogen and elevated serum ferritin/lactate dehydrogenase levels should raise the suspicion of HLH (16, 17). Macrophage activation syndrome (MAS), a subset of HLH, can present with symptoms similar to those of HLH, including thrombocytopenia, elevated serum levels of aspartate aminotransferase and ferritin, and hypofibrinogenemia (18). The major differences between MAS and HLH are the history of systemic juvenile idiopathic arthritis and adult-onset Still disease in MAS (19) and the relatively better treatment outcomes of MAS (approximately 8% mortality rate) (20). Our patient had no history of rheumatological disorders, and blood tests showed normal autoimmune profiles. Hence, the diagnosis of MAS was unlikely. The early diagnosis of HLH in this patient was challenging because fever accompanied by bicytopenia and splenomegaly might have led us to consider infectious diseases, such as HIV infection (21), and hematological malignancies, such as lymphomas, hairy cell leukemia, and myeloproliferative neoplasms. Furthermore, elevated serum-ferritin levels are commonly observed in patients with infections and sepsis. However, extreme hyperferritinemia should raise a strong suspicion of HLH.

The neurological symptoms of HLH often develop during the course of the disease. However, they can be the initial presenting symptoms (13). Neurological manifestations may include disturbance of consciousness, headache/dizziness, seizure, and psychiatric symptoms (22). We reviewed adult cases suffering from HLH with seizure as the initial presentation of neurological symptoms by searching the keywords “HLH” and “seizure” in the PubMed database (13, 22–28). Only a few cases of primary HLH with seizure as the initial presentation have been reported. The defective genes included PRF1, SH2D1A, and MAP2K1 (13, 22, 29). Most patients were diagnosed with secondary HLH with triggers, including infection (EBV was the most common cause), autoimmune disorders, and lymphoma. After excluding patients without detailed descriptions of clinical features, treatment, and outcome, a total of eight patients, including our newly reported patient were summarized in Table 2. Mean age of onset was 45 (range: 21 to 63). All patients were diagnosed with secondary HLH, five of them were triggered by infection, two by autoimmune disorders, and one by both autoimmune disorder and infection. The overall mortality rate in adult HLH patients with seizure as the initial presentation was 50%, which was slightly higher than the mortality rate in HLH patients with any clinical presentation (41%) (1).


Table 2 | Overview of articles reporting on adult patients with hemophagocytic lymphohistiocytosis with initial presentation of seizure/status epilepticus from literature review.



Early diagnosis of HLH can allow patients to receive appropriate treatment, such as HLH-94 protocol (i.e., etoposide and dexamethasone), with intrathecal therapy for those with CNS involvement before the disease becomes devastating (6, 30). Plasmapheresis or intravenous immunoglobulins may be treatment options for overcoming cytokine storm (30, 31). Additionally, allogeneic HSCT can be considered for patients with refractory or reactivated HLH. The therapeutic benefits of autoimmune antibodies such as rituximab (32), infliximab (33), and Janus kinase 1 and 2 inhibitor ruxolitinib require more clinical evidence (34).




4 Conclusion

HLH is a life-threatening disease characterized by uncontrolled immune activation. We present the case of an adult patient with secondary HLH who initially presented with aseptic encephalitis with super-refractory status epilepticus, followed by MODS. The greatest barrier to the early diagnosis of HLH in this patient was the overlapping symptoms of several severe systemic diseases. A high index of suspicion, early diagnosis, and early treatment can reduce mortality and improve outcomes.





Data availability statement

The original contributions presented in the study are included in the article. Further inquiries can be directed to the corresponding author.





Ethics statement

The studies involving humans were approved by the Institutional Review Board of Tri-Service General Hospital. The studies were conducted in accordance with the local legislation and institutional requirements. The patient's family provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.





Author contributions

Q-TC: Writing – original draft. M-HC: Writing – review & editing, Writing – original draft. Y-KL: Writing – review & editing, Writing – original draft. R-HY: Writing – original draft, Writing – review & editing. C-CL: Writing – original draft, Writing – review & editing. P-JH: Writing – review & editing. Y-FS: Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was supported in part by grants from Taoyuan Armed Forces General Hospital (TYAFGH-D-111024, TYAFGH-D-112025, and TYAFGH-A-112013) and Tri-Service General Hospital (TSGH-D-110049).




Acknowledgments

The authors would like to thank the staff and researchers at the Taoyuan Armed Forces General Hospital, Taiwan. The authors thank the patient's family for the consent to publish the clinical information.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Ramos-Casals, M, Brito-Zerón, P, López-Guillermo, A, Khamashta, MA, and Bosch, X. Adult haemophagocytic syndrome. Lancet (2014) 383(9927):1503–16. doi: 10.1016/S0140-6736(13)61048-X

2. Filipovich, AH. Hemophagocytic lymphohistiocytosis and other hemophagocytic disorders. Immunol Allergy Clinics North America. (2008) 28(2):293–313, viii. doi: 10.1016/j.iac.2008.01.010

3. Retamozo, S, Brito-Zerón, P, Sisó-Almirall, A, Flores-Chávez, A, Soto-Cárdenas, MJ, and Ramos-Casals, M. Haemophagocytic syndrome and COVID-19. Clin Rheumatol (2021) 40(4):1233–44. doi: 10.1007/s10067-020-05569-4

4. Henter, JI, Horne, A, Aricó, M, Egeler, RM, Filipovich, AH, Imashuku, S, et al. HLH-2004: Diagnostic and therapeutic guidelines for hemophagocytic lymphohistiocytosis. Pediatr Blood cancer. (2007) 48(2):124–31. doi: 10.1002/pbc.21039

5. Fardet, L, Galicier, L, Lambotte, O, Marzac, C, Aumont, C, Chahwan, D, et al. Development and validation of the HScore, a score for the diagnosis of reactive hemophagocytic syndrome. Arthritis Rheumatol (2014) 66(9):2613–20. doi: 10.1002/art.38690

6. Kim, YR, and Kim, DY. Current status of the diagnosis and treatment of hemophagocytic lymphohistiocytosis in adults. Blood Res (2021) 56(S1):S17–s25. doi: 10.5045/br.2021.2020323

7. Shakoory, B, Geerlinks, A, Wilejto, M, Kernan, K, Hines, M, Romano, M, et al. The 2022 EULAR/ACR points to consider at the early stages of diagnosis and management of suspected haemophagocytic lymphohistiocytosis/macrophage activation syndrome (HLH/MAS). Ann rheumatic diseases. (2023) 82(10):1271–85. doi: 10.1136/ard-2023-224123

8. Henter, JI, Elinder, G, and Ost, A. Diagnostic guidelines for hemophagocytic lymphohistiocytosis. The FHL Study Group of the Histiocyte Society. Semin Oncol (1991) 18(1):29–33.

9. Bilston, L, Croden, J, Taparia, M, Karkhaneh, M, Grossman, J, and Sun, HL. Validation of the HScore and the HLH-2004 diagnostic criteria for the diagnosis of hemophagocytic lymphohistiocytosis in a multicenter cohort. Eur J haematology. (2022) 109(2):129–37. doi: 10.1111/ejh.13779

10. Ishii, E, Ohga, S, Imashuku, S, Kimura, N, Ueda, I, Morimoto, A, et al. Review of hemophagocytic lymphohistiocytosis (HLH) in children with focus on Japanese experiences. Crit Rev oncology/hematology. (2005) 53(3):209–23. doi: 10.1016/j.critrevonc.2004.11.002

11. Wang, Y, Wang, Z, Zhang, J, Wei, Q, Tang, R, Qi, J, et al. Genetic features of late onset primary hemophagocytic lymphohistiocytosis in adolescence or adulthood. PloS One (2014) 9(9):e107386. doi: 10.1371/journal.pone.0107386

12. Brisse, E, Wouters, CH, and Matthys, P. Advances in the pathogenesis of primary and secondary haemophagocytic lymphohistiocytosis: differences and similarities. Br J haematology. (2016) 174(2):203–17. doi: 10.1111/bjh.14147

13. Cai, G, Wang, Y, Liu, X, Han, Y, and Wang, Z. Central nervous system involvement in adults with haemophagocytic lymphohistiocytosis: a single-center study. Ann hematology. (2017) 96(8):1279–85. doi: 10.1007/s00277-017-3035-5

14. Rivière, S, Galicier, L, Coppo, P, Marzac, C, Aumont, C, Lambotte, O, et al. Reactive hemophagocytic syndrome in adults: a retrospective analysis of 162 patients. Am J Med (2014) 127(11):1118–25. doi: 10.1016/j.amjmed.2014.04.034

15. West, J, Card, TR, Bishton, MJ, Lanyon, P, Ban, L, Bythell, M, et al. Incidence and survival of haemophagocytic lymphohistiocytosis: A population-based cohort study from England. J Internal Med (2022) 291(4):493–504. doi: 10.1111/joim.13432

16. Tseng, YT, Sheng, WH, Lin, BH, Lin, CW, Wang, JT, Chen, YC, et al. Causes, clinical symptoms, and outcomes of infectious diseases associated with hemophagocytic lymphohistiocytosis in Taiwanese adults. J microbiology immunology infection. (2011) 44(3):191–7. doi: 10.1016/j.jmii.2011.01.027

17. Otrock, ZK, and Eby, CS. Clinical characteristics, prognostic factors, and outcomes of adult patients with hemophagocytic lymphohistiocytosis. Am J hematology. (2015) 90(3):220–4. doi: 10.1002/ajh.23911

18. Lerkvaleekul, B, and Vilaiyuk, S. Macrophage activation syndrome: early diagnosis is key. Open Access rheumatology: Res Rev (2018) 10:117–28. doi: 10.2147/OARRR.S151013

19. Shimizu, M. Macrophage activation syndrome in systemic juvenile idiopathic arthritis. Immunol Med (2021) 44(4):237–45. doi: 10.1080/25785826.2021.1912893

20. Minoia, F, Davì, S, Horne, A, Demirkaya, E, Bovis, F, Li, C, et al. Clinical features, treatment, and outcome of macrophage activation syndrome complicating systemic juvenile idiopathic arthritis: a multinational, multicenter study of 362 patients. Arthritis Rheumatol (2014) 66(11):3160–9. doi: 10.1002/art.38802

21. Kyeyune, R, Saathoff, E, Ezeamama, AE, Löscher, T, Fawzi, W, and Guwatudde, D. Prevalence and correlates of cytopenias in HIV-infected adults initiating highly active antiretroviral therapy in Uganda. BMC Infect diseases. (2014) 14:496. doi: 10.1186/1471-2334-14-496

22. Song, Y, Pei, RJ, Wang, YN, Zhang, J, and Wang, Z. Central nervous system involvement in hemophagocytic lymphohistiocytosis in adults: A retrospective analysis of 96 patients in a single center. Chin Med J (2018) 131(7):776–83. doi: 10.4103/0366-6999.228234

23. Gratton, SM, Powell, TR, Theeler, BJ, Hawley, JS, Amjad, FS, and Tornatore, C. Neurological involvement and characterization in acquired hemophagocytic lymphohistiocytosis in adulthood. J Neurol Sci (2015) 357(1-2):136–42. doi: 10.1016/j.jns.2015.07.017

24. Gold, CA, Sheth, SJ, Agarwal, S, Claassen, J, and Foreman, B. New-onset seizures in two adults with hemophagocytic lymphohistiocytosis. J neurology. (2015) 262(4):1063–5. doi: 10.1007/s00415-015-7669-8

25. Oh, HS, Kim, M, Lee, JO, Kim, H, Kim, ES, Park, KU, et al. Hemophagocytic lymphohistiocytosis associated with SFTS virus infection: A case report with literature review. Medicine (2016) 95(31):e4476. doi: 10.1097/MD.0000000000004476

26. Mbizvo, GK, Lentell, IC, Leen, C, Roddie, H, Derry, CP, Duncan, SE, et al. Epilepsia partialis continua complicated by disseminated tuberculosis and hemophagocytic lymphohistiocytosis: a case report. J Med Case Rep (2019) 13(1):191. doi: 10.1186/s13256-019-2092-x

27. Kam, I, Prentice, D, Kho, LK, and Dharsono, F. Inflammatory epilepsy (FIRES) and haemophagocytic lymphohistiocytosis (HLH): an adult case. BMJ Case Rep (2023) 16(1):e252637. doi: 10.1136/bcr-2022-252637

28. Fernandes, M Sr., Ferreira, P, Lynce, A, Correia, MJ, and Ribeiro, AM. Post-partum fever of unknown origin: an inaugural flare of severe lupus with multisystemic involvement and hemophagocytic syndrome. Cureus (2023) 15(1):e33348. doi: 10.7759/cureus.33348

29. Barmettler, S, Nowak, RJ, Parker, T, and Price, C. Previously undiagnosed fatal familial haemophagocytic lymphohistiocytosis in a 24-year-old woman. BMJ Case Rep (2016) 2016:bcr2015213698. doi: 10.1136/bcr-2015-213698

30. La Rosée, P, Horne, A, Hines, M, von Bahr Greenwood, T, Machowicz, R, Berliner, N, et al. Recommendations for the management of hemophagocytic lymphohistiocytosis in adults. Blood (2019) 133(23):2465–77. doi: 10.1182/blood.2018894618

31. Nusshag, C, Morath, C, Zeier, M, Weigand, MA, Merle, U, and Brenner, T. Hemophagocytic lymphohistiocytosis in an adult kidney transplant recipient successfully treated by plasmapheresis: A case report and review of the literature. Medicine (2017) 96(50):e9283. doi: 10.1097/MD.0000000000009283

32. Balamuth, NJ, Nichols, KE, Paessler, M, and Teachey, DT. Use of rituximab in conjunction with immunosuppressive chemotherapy as a novel therapy for Epstein Barr virus-associated hemophagocytic lymphohistiocytosis. J Pediatr hematology/oncology. (2007) 29(8):569–73. doi: 10.1097/MPH.0b013e3180f61be3

33. Ideguchi, H, Ohno, S, Takase, K, Hattori, H, Kirino, Y, Takeno, M, et al. Successful treatment of refractory lupus-associated haemophagocytic lymphohistiocytosis with infliximab. Rheumatology (2007) 46(10):1621–2. doi: 10.1093/rheumatology/kem205

34. Wang, J, Wang, Y, Wu, L, Wang, X, Jin, Z, Gao, Z, et al. Ruxolitinib for refractory/relapsed hemophagocytic lymphohistiocytosis. Haematologica (2020) 105(5):e210–e2. doi: 10.3324/haematol.2019.222471




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Chen, Chen, Lin, Yeh, Lu, Hsiao and Sung. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu.2023.1296575_cover.jpg
& frontiers | Frontiers in Immunology

Case report: Hemophagocytic
lymphohistiocytosis complicated by multiple
organ dysfunction syndrome following
aseptic encephalitis





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Case report: Hemophagocytic lymphohistiocytosis complicated by multiple organ dysfunction syndrome following aseptic encephalitis

      

        		

          1 Introduction

        



        		

          2 Case report

        



        		

          3 Discussion

        



        		

          4 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu-14-1296575-g001.jpg





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table1.jpg
Peak body
temperature (°C)

382 385

Absolute neutrophil
count (10”/L) 108 v
Hemoglobin (g/L) 161 133
Platelet count(10°0) | 141 128

Triglyceride (mg/dL) 81

inogen (/1)
Ferritin (ig/L)

Total bili
(mg/dL)

Procalcitonin

(ng/mL) o

Intravenous
immunoglobulin

Pulse steroid therapy

Plasmapheresis

Reference normal range:

<350

43

116

149

03

<350 76 | 352

e 118
19 110
241 218
037
v v v

352 390
83
106
240
014
v v

354

15

18

104

123

35

018

140

104

8

54

137

9

9

478

519

92

037

85

90

81

101

65

97

55

59

96

6

125

41

9

89

4501

128

19

76

47

144

15

79

0

473

3330

168

602

13

86

52

142

893

32

92

62

148

1076

9%

149

1012

Body temperature: 35.7°C-37.5°C in ear; absolute neutrophil count: 2.6-6.0 x 10°/L; hemoglobin: 132-166 g/L in men; platelet count: 130-400 x10°/L; riglyceride: 40-149 mg/dL fibrinogen: 2-4 g/L ferritin: 25-250 ug/Ls procalcitonin: < 0.05 ng/m total bilirubin: 0.3~

1.0 mg/dL.
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(23) Male 38 Secondary (SLE, ankylosing spondylitis) Steroid, cyclosporine, etoposide Improved

(23) Female = 21 Secondary (malaria) Steroid, cladribine, cyclosporine, IVIG Expired

(23) Female = 62 Secondary (EBV, rheumatoid arthritis) Steroid, etoposide, rituximab Expired

24 Male 63 Secondary (rheumatoid arthritis) Steroid, cyclosporine, Improved
etanercept, plasmapheresis

(25) Male 62 Secondary (SFTS virus) Steroid, IVIG Improved

(26) Female 54 Secondary (tuberculosis) Anti-TB therapy, steroid, Improved
etoposide, cyclosporine

(27) Male 30 Secondary (upper respiratory tract infection) Steroid, IVIG, anakinra, etoposide, Expired
IT-MTX

Current case Male 27 Secondary (aseptic encephalitis) Steroid, IVIG, plasmapheresis Expired

EBV, Epstein-Barr virus; IVIG, intravenous immunoglobulin; IT-MTX, intrathecal methotrexate; SFTS, severe fever with thrombocytopenia syndrome; SLE, systemic lupus erythematosus;

'TB, tuberculosis.





