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Hemophagocytic lymphohistiocytosis (HLH) is a life-threatening hyperinflammatory 
syndrome caused by uncontrolled immune activation and hemophagocytosis. In adults, 
Epstein-Barr virus (EBV) infection is a known trigger. This report describes a novel 
approach to treating EBV-induced HLH in a 29-year-old female, avoiding the potential 
toxicities of chemotherapy-based regimens, such as infertility. 
The patient presented febrile, tachycardic, and hypotensive following a week of high 
fever, bilious emesis, and diarrhea. Laboratory results showed elevated AST and ALT, 
hyperbilirubinemia, leukopenia, thrombocytopenia, and hyperferritinemia. Imaging 
revealed splenomegaly, and a positive mononucleosis rapid test confirmed EBV infection. 
Based on her clinical presentation, laboratory findings, and a bone marrow biopsy 
showing phagocytic histiocytes, she was diagnosed with EBV-induced HLH, fulfilling 7 of 
the 8 diagnostic criteria (5 required). 

The patient was started on the DAIR regimen two days after transfer. DAIR combines 
dexamethasone for its potent anti-inflammatory properties (used in HLH-94/HLH-2004), 
anakinra to control the cytokine storm, IVIG for passive immune support and antiviral 
action, and rituximab to target EBV-infected B cells. 
The patient responded well to treatment. EBV became undetectable within three weeks, 
and by seven weeks, blood counts, liver function, ferritin, triglycerides, and fibrinogen 
levels had normalized. Ten weeks after symptom onset, she returned to work and is now 
pregnant, with no signs of relapse. 

This case demonstrates the effectiveness of DAIR as a chemotherapy-free alternative for 
EBV-induced HLH, offering a targeted approach to the syndrome’s complex pathogenesis 
while achieving sustained remission. 

Epstein-Barr virus (EBV) infection is a significant cause 
of hemophagocytic lymphohistiocytosis (HLH), a life-
threatening hyperinflammatory syndrome characterized by 
uncontrolled immune activation and hemophagocytic ac
tivity by macrophages.1 This syndrome can be primary 
(pHLH), arising from genetic mutations, or secondary 
(sHLH) triggered by bacterial or viral infections like EBV, 
malignancy, or autoimmune disorder.2 In adults, EBV-in
duced HLH is a particularly challenging clinical entity due 
to its delayed diagnosis and fulminant course.3 

The current treatment protocol includes the HLH-94 and 
HLH-2004 trials, consisting of etoposide, dexamethasone, 
and cyclosporine A. These advancements from HLH-94 and 
HLH-2004 have laid the groundwork for ongoing research 
into novel treatment strategies for pHLH.4 

However, regarding sHLH, the HLH-94 and HLH-2004 
guidelines have shown minimal efficacy in treatment out
comes and long-term survival.5,6 There are no definitive 
guidelines for sHLH, so its treatment usually targets the 
underlying trigger, considering the heterogeneity of its eti
ologies. 
Additionally, traditional chemotherapy regimens can 

have significant side effects. They may not be optimal for all 
patients, and recent research has explored alternative ther
apeutic approaches targeting specific aspects of the HLH 
inflammatory cascade, offering the potential for improved 
treatment outcomes with reduced toxicity. 
This paper presents a unique case of EBV-induced HLH 

successfully treated with a novel DAIR regimen. This reg
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imen departs from conventional chemotherapy and uses a 
combination of targeted therapies: 

There are documented cases demonstrating the effec
tiveness of each individual agent. That case describes a 22 
year old female with EBV-induced HLH successfully treated 
with a combination of methylprednisone, anakinra, IVIG, 
and rituximab, which led to rapid clinical and virologic 
recovery.7 One study describes a combination of IVIG, 
anakinra and corticosteroids resulting in a 50% survival in 
eight critically ill patients with HLH. The patients in the 
study had various degrees of organ dysfunction and the 
need for aggressive ICU treatment.8 

By discussing this case and the rationale behind the 
DAIR regimen, this paper aims to contribute to the evolving 
understanding of treatment options for EBV-induced HLH. 
We explore the potential benefits of this targeted approach 
in effectively controlling the hyperinflammatory state and 
eliminating the viral trigger, potentially leading to im
proved outcomes for patients with this complex and life-
threatening condition. 
The patient, a 29-year-old female, presented to the ED 

febrile, tachycardic, and hypotensive after a prolonged high 
fever, bilious emesis, and watery diarrhea ongoing for 1 
week before arrival. The patient stated goals for pregnancy 
in the future. Laboratory investigations revealed elevated 
AST and ALT, hyperbilirubinemia of 1.7 g/dL, leukopenia of 
1.53 x109/L, thrombocytopenia of 32 x 109/L, and ferritin of 
10,800 ug/L. The sonogram revealed an enlarged spleen. A 
positive infectious mononucleosis rapid test confirmed EBV 
infection. Based on clinical presentation, laboratory find
ings, and EBV positivity, the patient was transferred to our 
institution for diagnosis of EBV-induced HLH. Bone marrow 
biopsy noted phagocytic histiocytes. IL2 Receptor (CD25) 
was 11,868 pg/mL. triglycerides 275 mg/dL, fibrinogen 113 
mg/dL, EBV PCR was 28,800 international units/mL. She 
fulfilled 7 of the 8 criteria (5 needed) for diagnosing HLH, 
using the HLH-2004 criteria (Table 1 ) and she had a calcu
lated H-score of 284, which correlates to >99% probability 
of hemophagocytic syndrome, using the H-score criteria.9,
10 NK cell activity was requested though results were not 
obtained. 
Intervention: The DAIR regimen was administered 2 

days after the hospital transfer. DAIR consisted of: 

The patient responded remarkably well to the DAIR reg
imen. She reported improvement of symptoms almost im
mediately after starting treatment. Hematological recovery 
was also swift. By 7 weeks, the patient’s complete blood 
count (CBC) showed normalization or near normalization 
of previously low cell counts. After 10 days of treatment, 
liver function tests returned to normal ranges. Triglyc
erides, ferritin, and fibrinogen levels were also normalized. 
The patient tolerated treatment well, with no remarkable 
side effects observed throughout its course. Importantly, 
the patient has not exhibited any signs or symptoms sug
gestive of relapse since treatment completion, and she suc
cessfully returned to work 10 weeks after presentation. At 
the patient’s six month follow up, she reported feeling great 
and back to her baseline. She presented to this follow-up 
pregnant for 2.5 months. 
Triglycerides were markedly elevated at baseline at 275 

mg/dL peaked shortly after DAIR initiation, followed by a 
rapid and sustained decline to well below the generalized 
normal high by day 19, remaining stable thereafter. The 
patient experienced a 75.6% decrease in triglyceride levels 
from onset of the DAIR regimen to her six-month follow-
up. (Figure 1   (A))  
Platelets were initially low but progressively increased 

after treatment, entering the normal range by day 49 and 
continuing to rise to day 199. This represented a 687.9% in
crease in platelet count from onset of the DAIR regimen to 
her six-month follow-up. (Figure 1   (B))  
Extremely elevated ferritin levels dropped precipitously 

following DAIR initiation, approaching normal levels by day 
19, and decreasing 99.8% to her six-month follow-up. (Fig
ure 1   (C))  
Hemoglobin was initially low but showed a steady up

ward trend post-treatment, crossing the generalized lower 
normal limit by day 49 and continuing to increase 65% 
through day 199. (Figure 1   (D))  
This case report presents a patient with EBV-induced 

HLH successfully treated with the DAIR regimen. The rapid 
decline in EBV viral load and normalization of laboratory 
findings suggest the potential efficacy of this approach. 
The DAIR regimen offers several theoretical advantages 

over traditional chemotherapy regimens used for HLH. As 
a young woman of childbearing age, the risks associated 
with chemotherapy, including ovarian follicle depletion and 
infertility, were significant considerations.11 The current 
FDA label for etoposide phosphate states that it may cause 
infertility and result in amenorrhea and premature 
menopause.12 The patient in this case has become preg
nant, alluding to the successful avoidance of potential in
fertility due to chemotherapeutic agents. Additionally, the 
use of etoposide in treating sHLH has been questioned due 
to its efficacy and many side effects, including myelosup
pression, hepatotoxicity, and teratogenic potential.13 

These risks necessitated an alternative approach that main
tained efficacy while mitigating toxicity. No agent in the 
DAIR regimen is an established cause of female infertil
ity.14‑16 

• Dexamethasone for its potent anti-inflammatory ef
fects, as used in HLH-94 and HLH-2004 

• Anakinra, an interleukin-1 receptor antagonist, 
specifically targets a key inflammatory pathway in 
HLH pathogenesis to dampen cytokine storms. 

• Intravenous immunoglobulin (IVIG) provides passive 
immune support, potentially modulates the immune 
response, and helps against the EBV virus. 

• Rituximab, a B-cell-depleting monoclonal antibody, 
is aimed at directly eliminating EBV-infected B cells, 
the underlying source of the hyperinflammatory 
state. 

• Dexamethasone (20 mg/day for 8 days starting on day 
2) 

• Anakinra (100 mg for 7 days, starting on day 3) 

• IVIG (20g over five days, starting on day 2) 
• Rituximab (375 mg/m2 for 4 weeks starting on day 2) 
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Table 1. Patient’s Findings Compared to HLH 2004 Diagnosis Criteria         

Figure 1. (A–D) Laboratory marker trends from Day 0 to Day 199, following initiation of the DAIR regimen (green                  
vertical line). (A) Triglycerides (mg/dL), (B) Platelet Count (K/µL), (C) Ferritin (µg/L), and (D) Hemoglobin (g/dL)                 
are plotted over time since treatment started. Red dashed lines represent generalized normal high and low                 
reference ranges.   

Dexamethasone, a glucocorticoid, was selected for its 
potent anti-inflammatory and immunosuppressive proper
ties, which are critical in curbing the hyperinflammatory 
state characteristic of HLH. Dexamethasone’s role as a cor
nerstone in the HLH-94 and HLH-2004 guidelines further 
establishes its efficacy and reliability.1,4 

Anakinra, an interleukin-1 (IL-1) receptor antagonist 
generally used in adult patients with rheumatoid arthritis, 
targets a key inflammatory pathway in HLH pathogenesis. 
Elevated IL-1 levels are a hallmark of hyperinflammatory 
conditions, and by blocking the IL-1 receptor, anakinra in
terrupts this critical inflammatory pathway commonly seen 
in sHLH.17 One retrospective study showed 90.5% fever res
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olution among patients with sHLH treated with anakinra.18 

Another retrospective analysis showed that it is well toler
ated and produces good responses to sHLH, with a higher 
response rate and longer survival than HLH-94 when paired 
with high-dose steroids, such as dexamethasone.19 

IVIG was administered to provide passive immunity. A 
key advantage of IVIG is its ability to act systemically with
out directly inducing cellular cytotoxicity, making it partic
ularly useful in pediatric and fertility-sensitive populations. 
A retrospective cohort study showed comparable efficacy 
between IVIG/dexamethasone combinations and the 
HLH-2004 protocol further supporting its inclusion, sug
gesting that etoposide and its induced toxicity in the 
HLH-2004 regimen can be avoided in sHLH patients.20 

Rituximab, a CD20-targeting monoclonal antibody, was 
used to address the EBV-driven component of this patient’s 
HLH directly. By depleting EBV-infected B cells, rituximab 
reduces the viral load and mitigates the immune system’s 
hyperactivation in response to EBV antigens. This targeted 
mechanism addresses the patient’s disease’s primary driver 
and avoids traditional chemotherapy’s broad, nonspecific 
cytotoxic effects.21 

Potential side effects of this combination include in
creased susceptibility to infections, cytopenia, and infu
sion-related reactions. Dexamethasone may cause hyper
glycemia, hypertension, and mood disturbances; anakinra 
is associated with injection site reactions and neutropenia; 
IVIG can cause headache, fever, and, rarely, thromboem
bolic events or hemolysis; and rituximab carries risks of in
fusion reactions, hypogammaglobulinemia, and viral reac
tivation.22‑25 However, the patient tolerated therapy well, 
with no remarkable side effects observed during or after 
treatment. 
Compared to conventional chemotherapy, the DAIR reg

imen offers a more tailored approach with potentially fewer 
side effects. However, further research is needed to evaluate 
its long-term safety and efficacy in a larger patient popula
tion. This case highlights the potential of the DAIR regimen 
as a promising alternative for managing EBV-induced HLH, 
particularly in patients for whom traditional chemotherapy 
poses significant risks. 

This is a single case report, and the findings cannot be 
generalized to the broader population with EBV-induced 
HLH. Further studies with larger patient cohorts are neces
sary to confirm the efficacy and safety of the DAIR regimen. 

AUTHORS’ CONTRIBUTION 

Conceptualization: Amir Steinberg 
Data curation: Amir Steinberg, Adam Bouhadana 
Formal Analysis: Amir Steinberg, Adam Bouhadana 
Supervision: Amir Steinberg 
Writing – original draft: Adam Bouhadana 
Writing – review & editing: Adam Bouhadana, Amir Stein
berg 

COMPETING INTEREST – COPE 

No competing interests were disclosed. 

ETHICAL CONDUCT APPROVAL – HELSINKI – 
IACUC 

The patient provided informed consent. This study follows 
institutional guidelines. Per the institution, a single case 
report does not require an IRB submission. 

INFORMED CONSENT STATEMENT 

All authors and institutions have confirmed this manuscript 
for publication. 

DATA AVAILABILITY STATEMENT 

All are available upon reasonable request. 

Submitted: January 09, 2025 CST. Accepted: July 29, 2025 CST.
Published: October 08, 2025 CST. 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

(CCBY-4.0). View this license’s legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at http://creativecom

mons.org/licenses/by/4.0/legalcode for more information. 

DAIR to Be Different: Successful Use of DAIR Regimen, a Novel Treatment Combination for EBV-induced H…

Clinical Hematology International 24



REFERENCES 

1. Henter JI, Horne A, Aricó M, et al. HLH-2004: 
Diagnostic and therapeutic guidelines for 
hemophagocytic lymphohistiocytosis. Pediatr Blood 
Cancer. 2007;48(2):124-131. doi:10.1002/pbc.21039 

2. Konkol S, Rai M. Lymphohistiocytosis. In: 
StatPearls. StatPearls Publishing; 2024. Accessed 
December 3, 2024. http://www.ncbi.nlm.nih.gov/
books/NBK557776/ 

3. Marsh RA. Epstein-Barr Virus and Hemophagocytic 
Lymphohistiocytosis. Front Immunol. 2017;8:1902. 
doi:10.3389/fimmu.2017.01902 

4. Treatment of hemophagocytic lymphohistiocytosis 
with HLH-94 immunochemotherapy and bone 
marrow transplantation | Blood | American Society of 
Hematology. Accessed June 26, 2025. https://
ashpublications.org/blood/article/100/7/2367/106167/
Treatment-of-hemophagocytic-lymphohistiocytosis 

5. Parikh SA, Kapoor P, Letendre L, Kumar S, 
Wolanskyj AP. Prognostic Factors and Outcomes of 
Adults With Hemophagocytic Lymphohistiocytosis. 
Mayo Clin Proc. 2014;89(4):484-492. doi:10.1016/
j.mayocp.2013.12.012 

6. Naymagon L, Tremblay D, Mascarenhas J. The 
Efficacy of Etoposide-Based Therapy in Adult 
Secondary Hemophagocytic Lymphohistiocytosis. 
Acta Haematol. 2021;144(5):560-568. doi:10.1159/
000514920 

7. McCann N, Amarnani R, Shipa M, et al. Epstein-
Barr virus associated haemophagocytic 
lymphohistiocytosis treated with anakinra and 
rituximab: A case report. Clin Infect Pract. 
2021;9:100060. doi:10.1016/j.clinpr.2020.100060 

8. Wohlfarth P, Agis H, Gualdoni GA, et al. Interleukin 
1 Receptor Antagonist Anakinra, Intravenous 
Immunoglobulin, and Corticosteroids in the 
Management of Critically Ill Adult Patients With 
Hemophagocytic Lymphohistiocytosis. J Intensive 
Care Med. 2019;34(9):723-731. doi:10.1177/
0885066617711386 

9. HScore. Hôpital Saint-Antoine AP-HP. https://
saintantoine.aphp.fr/score/ 

10. Fardet L, Galicier L, Lambotte O, et al. 
Development and validation of the HScore, a score 
for the diagnosis of reactive hemophagocytic 
syndrome. Arthritis Rheumatol Hoboken NJ. 
2014;66(9):2613-2620. doi:10.1002/art.38690 

11. Sellami I, Beau I, Sonigo C. Chemotherapy and 
female fertility. Ann Endocrinol. 2023;84(3):382-387. 
doi:10.1016/j.ando.2023.03.013 

12. label. Accessed June 26, 2025. https://
www.accessdata.fda.gov/drugsatfda_docs/label/2017/
020457s016lbl.pdf 

13. Predicting etoposide toxicity: relationship to 
organ function and protein binding. Journal of Clinical 
Oncology. doi:10.1200/JCO.1996.14.1.257 

14. Practice Committee of the American Society for 
Reproductive Medicine. The role of immunotherapy 
in in vitro fertilization: a guideline. Fertil Steril. 
2018;110(3):387-400. doi:10.1016/
j.fertnstert.2018.05.009 

15. Alijotas-Reig J, Esteve-Valverde E, Ferrer-Oliveras 
R. [Treatment with immunosuppressive and biologic 
drugs of pregnant women with systemic rheumatic or 
autoimmune disease]. Med Clin (Barc). 
2016;147(8):352-360. doi:10.1016/
j.medcli.2016.05.020 

16. Christiansen OB, Kolte AM, Krog MC, Nielsen HS, 
Egerup P. Treatment with intravenous 
immunoglobulin in patients with recurrent 
pregnancy loss: An update. J Reprod Immunol. 
2019;133:37-42. doi:10.1016/j.jri.2019.06.001 

17. Ndegwa S, Adams A. Anakinra Therapy for 
Hemophagocytic Lymphohistiocytosis: CADTH Health 
Technology Review. Canadian Agency for Drugs and 
Technologies in Health; 2022. Accessed July 1, 2025. 
http://www.ncbi.nlm.nih.gov/books/NBK595389/ 

18. Baverez C, Grall M, Gerfaud-Valentin M, et al. 
Anakinra for the Treatment of Hemophagocytic 
Lymphohistiocytosis: 21 Cases. J Clin Med. 
2022;11(19):5799. doi:10.3390/jcm11195799 

19. Anakinra versus etoposide-based therapy added 
to high-dose steroids for the treatment of secondary 
hemophagocytic lymphohistiocytosis - Lee - 2023 - 
European Journal of Haematology - Wiley Online 
Library. doi:10.1111/ejh.14030 

20. Rajajee S, Ashok I, Manwani N, Rajkumar J, 
Gowrishankar K, Subbiah E. Profile of 
Hemophagocytic Lymphohistiocytosis; Efficacy of 
Intravenous Immunoglobulin Therapy. Indian J 
Pediatr. 2014;81(12):1337-1341. doi:10.1007/
s12098-014-1461-0 

DAIR to Be Different: Successful Use of DAIR Regimen, a Novel Treatment Combination for EBV-induced H…

Clinical Hematology International 25

https://doi.org/10.1002/pbc.21039
http://www.ncbi.nlm.nih.gov/books/NBK557776/
http://www.ncbi.nlm.nih.gov/books/NBK557776/
https://doi.org/10.3389/fimmu.2017.01902
https://ashpublications.org/blood/article/100/7/2367/106167/Treatment-of-hemophagocytic-lymphohistiocytosis
https://ashpublications.org/blood/article/100/7/2367/106167/Treatment-of-hemophagocytic-lymphohistiocytosis
https://ashpublications.org/blood/article/100/7/2367/106167/Treatment-of-hemophagocytic-lymphohistiocytosis
https://doi.org/10.1016/j.mayocp.2013.12.012
https://doi.org/10.1016/j.mayocp.2013.12.012
https://doi.org/10.1159/000514920
https://doi.org/10.1159/000514920
https://doi.org/10.1016/j.clinpr.2020.100060
https://doi.org/10.1177/0885066617711386
https://doi.org/10.1177/0885066617711386
https://saintantoine.aphp.fr/score/
https://saintantoine.aphp.fr/score/
https://doi.org/10.1002/art.38690
https://doi.org/10.1016/j.ando.2023.03.013
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/020457s016lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/020457s016lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/020457s016lbl.pdf
https://doi.org/10.1200/JCO.1996.14.1.257
https://doi.org/10.1016/j.fertnstert.2018.05.009
https://doi.org/10.1016/j.fertnstert.2018.05.009
https://doi.org/10.1016/j.medcli.2016.05.020
https://doi.org/10.1016/j.medcli.2016.05.020
https://doi.org/10.1016/j.jri.2019.06.001
http://www.ncbi.nlm.nih.gov/books/NBK595389/
https://doi.org/10.3390/jcm11195799
https://doi.org/10.1111/ejh.14030
https://doi.org/10.1007/s12098-014-1461-0
https://doi.org/10.1007/s12098-014-1461-0


21. Chellapandian D, Das R, Zelley K, et al. Treatment 
of Epstein Barr virus-induced haemophagocytic 
lymphohistiocytosis with rituximab-containing 
chemo-immunotherapeutic regimens. Br J Haematol. 
2013;162(3):376-382. doi:10.1111/bjh.12386 

22. Johnson DB, Lopez MJ, Kelley B. Dexamethasone. 
In: StatPearls. StatPearls Publishing; 2025. Accessed 
July 1, 2025. http://www.ncbi.nlm.nih.gov/books/
NBK482130/ 

23. Cvetkovic RS, Keating G. Anakinra. BioDrugs Clin 
Immunother Biopharm Gene Ther. 2002;16(4):303-314. 
doi:10.2165/00063030-200216040-00005 

24. Guo Y, Tian X, Wang X, Xiao Z. Adverse Effects of 
Immunoglobulin Therapy. Front Immunol. 
2018;9:1299. doi:10.3389/fimmu.2018.01299 

25. Hanif N, Anwer F. Rituximab. In: StatPearls. 
StatPearls Publishing; 2025. Accessed July 1, 2025. 
http://www.ncbi.nlm.nih.gov/books/NBK564374/ 

DAIR to Be Different: Successful Use of DAIR Regimen, a Novel Treatment Combination for EBV-induced H…

Clinical Hematology International 26

https://doi.org/10.1111/bjh.12386
http://www.ncbi.nlm.nih.gov/books/NBK482130/
http://www.ncbi.nlm.nih.gov/books/NBK482130/
https://doi.org/10.2165/00063030-200216040-00005
https://doi.org/10.3389/fimmu.2018.01299
http://www.ncbi.nlm.nih.gov/books/NBK564374/

	DAIR to Be Different: Successful Use of DAIR Regimen, a Novel Treatment Combination for EBV-induced HLH
	Authors’ Contribution
	Competing Interest – COPE
	Ethical Conduct Approval – Helsinki – IACUC
	Informed Consent Statement
	Data Availability Statement
	References


