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Purpose: This study aims to investigate the characteristics of Epstein—Barr virus associated-hemophagocytic lymphohistiocytosis
(EBV-HLH) and HLH caused by a severe form of infectious mononucleosis (IM-HLH) compared to IM by EBV, and thus also to assist
in early diagnosis and providing appropriate treatment.

Methods: Data for this analysis were collected from patients at the Department of General Medicine, Nara Medical University,
between April 1, 2012, and August 1, 2020. EBV infection was diagnosed using clinical presentation and laboratory tests. HLH
diagnosis followed the HLH-2004 protocol, supplemented by plasma EBV DNA detection. A range of clinical and laboratory
parameters were collected, including age, sex, clinical outcomes, blood cell counts, hemoglobin, platelets, and various serum values.
Plasma EBV DNA levels and flow cytometric analysis (FCM) of bone marrow were performed for HLH cases.

Results: Among 1850 hospitalized patients, 14 cases were identified, including 2 HLH cases and 12 IM cases. Comparative analysis
revealed distinctive features of HLH, including lower lymphocyte and platelet counts and higher levels of ferritin, soluble interleukin 2
receptor (sIL-2R), and D dimer compared to IM. Notably, one HLH case responded well to corticosteroid monotherapy, while the other
case did not, resulting in a fatal outcome. Detection of a cluster of CD5-CD7 lymphocytes in bone marrow is a hallmark of EBV-HLH
and useful to distinguish from IM-HLH.

Conclusion: This study underscores the importance of early differentiation among EBV-HLH, IM-HLH, and IM in adults to guide
appropriate treatment strategies. While specific laboratory markers help distinguish HLH from IM, a more detailed analysis of FCM is
crucial for precise diagnosis of HLH cases and tailored therapeutic interventions.

Keywords: hemophagocytic lymphohistiocytosis, Epstein—Barr virus infection, Epstein—Barr virus—associated hemophagocytic
lymphohistiocytosis, diagnosis of EBV-HLH, flow cytometric analysis of bone marrow

Introduction

Hemophagocytic lymphohistiocytosis (HLH) is a life-threatening, hyperinflammatory clinical syndrome induced by
uncontrolled immune activation.' HLH is classified into primary (familial) HLH, caused by genetic mutations affecting
immune regulation, and secondary (acquired) HLH, triggered by underlying inflammatory disease, including infections,
malignancies, autoimmune/autoinflammatory disorders, and drugs.” * Early recognition and treatment of HLH are crucial
for a favorable outcome. The diagnosis of the underlying disease is also important, as the optimal treatment varies
according to etiology.
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Infection-related HLH is the most common form of secondary HLH,> and Epstein—Barr virus—associated HLH (EBV-
HLH) has particularly high severity and mortality. Treatment of EBV-HLH requires aggressive chemotherapy, including
bone marrow transplantation, and delay in treatment can be fatal. Most of the findings of EBV-HLH are from pediatric
cases; however, it can occur in adults.®

Primary EBYV infections in adults usually present as infectious mononucleosis (IM) and resolve spontaneously. Both
IM and EBV-HLH present similar acute inflammatory symptoms, though EBV-HLH should be identified in the early
stage of the clinical course. Complicating matters are the fact that severe form of IM also causes secondary HLH in the
hyper-cytokine state (described as IM-HLH in this report).”* Although they are in the same HLH state, EBV-HLH and
IM-HLH have different prognoses and treatment options. Therefore, a clinician should distinguish between the two
conditions appropriately and not make a diagnostic and therapeutic decision solely based on HLH status.

In this study, we report adult cases of IM-HLH and EBV-HLH and investigate the clinical features compared with
those of IM due to EBV. This study aims to assist in the early differentiation of IM, IM-HLH, and EBV-HLH to help
determine appropriate treatment at an early stage.

Methods

Patients

We analyzed data from patients with confirmed EBV infection in the Department of General Medicine of Nara Medical
University from April 1, 2012, through August 1, 2020. EBV infection was diagnosed by typical clinical presentation
such as fever, lymph node swelling, hepatosplenomegaly, detection of atypical lymphocytes, plasma anti-EBV-capsid
antigen, and/or EBV DNA. Diagnosis of HLH was based on the HLH-2004 protocol and plasma EBV DNA. This study
was approved by the Ethical Committee of Nara Medical University (approval number: 2695).

Clinical and Laboratory Features

Age, sex, clinical outcome, white blood cell counts, neutrophil counts, lymphocyte counts, hemoglobin, platelet counts,
and serum values of aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH),
triglyceride (TG), ferritin, soluble interleukin 2 receptor (sIL-2R), and D dimer were obtained. Plasma EBV DNA levels
and flow cytometric analysis (FCM) of bone marrow were obtained for HLH cases.

Statistical Analysis
The Shapiro—Wilk normality test was used for the IM group. We did not perform a statistical comparison between groups
because of the small number of HLH patients. Analyses were conducted with R software version 4.0.0.

Results

Patient

A total of 14 patients, two cases of HLH and 12 cases of IM, were identified from 1850 hospitalized patients. HLH
Case 1 was a 21-year-old female and met six items of the eight items in the HLH 2004 diagnostic criteria; fever,
splenomegaly, hypertriglyceridemia (299 mg/dL), pancytopenia (white-blood cell; 1700/pL, hemoglobin; 10.0 g/dL, and,
platelet; 3.5 x 10* /uL) and hemophagocytosis in bone marrow, the elevation of serum ferritin (6539 ng/mL), and
elevation of soluble IL-2 receptor (14,709 IU/L). HLH Case 2 was a 35-year-old female and met five items: fever,
splenomegaly, cytopenia (white-blood cell; 2600/uL, hemoglobin; 11.6 g/dL, and, platelet; 4.4 x 10* /uL) and hemo-
phagocytosis in bone marrow, elevation of serum ferritin (9.992 ng/mL), and elevation of soluble IL-2 receptor (18,938
IU/L).

Clinical and Laboratory Features

Clinical and laboratory features are noted in Table 1. Data from the HLH cases were obtained on the day when
corticosteroids were initiated, with the exception of plasma EBV-DNA and sIL-2R, which were obtained after two
doses of methylprednisolone (1 g/day) were administered. Data were obtained from the IM group on the day when LDH
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Table | Clinical and Laboratory Features

Items [Reference Range] HLH Case | | HLH Case 2 IM (n=12) P value
Age (y.0) 21 35 24.5 (17-33) 0.02647
Sex, female | | [ -
White-blood cell (/uL) [3300-8600] 1700 2600 13.650 (11,150-16,600) 0.71180
Neutrophil (/uL) 1100 2400 2250 (1925-3000) 0.00184
Lymphocyte (/ulL) 500 100 9800 (7225-11,300) 0.25180
Hemoglobin (g/dL) [11.6—14.8] 10.0 1.6 13.9 (12.4-15.3) 0.59980
Platelet (x10* /uL) [15.8-34.8] 35 44 16.7 (15.2-18.6) 0.14580
AST (IU/L) [13-30] 228 16 221.5 (117-309) 0.01066
ALT (IU/L) [7-23] 186 89 245 (174.5-429) 0.01263
LDH (IU/L) [124-222] 2410 565 610.5 (517-667) 0.66170
TG (mg/dl) [30-149] 299 205 69, 105, 140 (n=3) -
Ferritin (ng/mL) [12-152] 6539 9992 92, 136, 442, 2043 (n=4) -
sIL-2R (IU/L) [145-519] 14,709 18,938 1650, 2288, 2372 (n=3) -
D dimer (ug/mL) [< 1.0] 50.0 20.5 1.2 (1.2-7.7) -
EBV-DNA (copies/ulL) [< 5.0] 13,100 3240 N.E -
Prognosis Survive Deceased All survive -

Notes: Values of IM group are expressed as median [interquartile range, 25-75%], except for TG, Ferritin, and sIL2-R. Normality of IM
group was assessed by Shapiro—Wilk normality test, and P-value of <0.05 indicates that the distribution is not statistically normal.
Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; TG, triglyceride; sIL-2R,
soluble interleukin 2 receptor; N.E., not examined.

was elevated the most in the clinical course (mean: 8.9 days after development of fever). In the IM group, TG, ferritin,
sIL-2R, and D dimer were frequently missing, so no statistical analysis was performed on these results.

Compared with the IM group, lymphocyte and platelet counts were lower and ferritin, sIL-2R, and D dimer were
higher in the HLH patients. LDH was markedly elevated in HLH patient 1, but not in HLH patient 2. Among the IM
group, white blood cell, lymphocyte, and platelet counts; hemoglobin; and LDH were statistically normal.

HLH Case 1 received only corticosteroid treatment and improved within a week (Figure 1). HLH Case 2 was treated
with corticosteroid, cyclosporine, etoposide, and several antimicrobial agents including ceftriaxone, meropenem,
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Figure | The clinical course of HLH case |: A 21-year-old woman was admitted for persistent high fever and diagnosed with HLH based on the HLH-2004 guidelines. Soon
after corticosteroid (CS) therapy treatment was initiated, her fever resolved and laboratory abnormalities improved. CS was reduced and the treatment was completed in
two months.

Abbreviations: mPSL, methylprednisolone; PSL, prednisolone; DD, D dimer; Plt, platelet; LDH, lactate dehydrogenase; sIL-2R, soluble interleukin-2 receptor.
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Figure 2 The clinical course of HLH case 2: A 40-year-old woman was admitted for persistent high fever and diagnosed with HLH based on the HLH-2004 guidelines.
Corticosteroid therapy resulted in only partial fever relief and no improvement of laboratory findings. Cyclosporine, Acyclovir, recombinant thrombomodulin, antimicrobial
agents, and repeated mPSL pulse therapy were unsuccessful. The patient died from a cerebral hemorrhage on day 18.

Abbreviations: mPSL, methylprednisolone; PSL, prednisolone; SFTX, sitafloxacin; ACV, acyclovir; CsA, cyclosporine; rTM, recombinant thrombomodulin; DD, D dimer;
Plt, platelet; LDH, lactate dehydrogenase; sIL-2R, soluble interleukin-2 receptor.

sitafloxacin, and acyclovir; however, she died 18 days after presentation (Figure 2). The IM group was treated with
supportive care, such as fluid administration and antipyretics, and all patients survived.

The CD38+ lymphocytes in the bone marrow of the HLH patients were analyzed with FCM (CD45-SSC gating;
Figure 3). In HLH case 1, both CD4" and CDS8" cells were observed (Case 1 C), and CD5'CD7" cells were predominant
(Case 1 D). However, in HLH case 2, a cluster of CD8" cells was observed, and only a few CD4 cells were detected
(Case 2 C). CD5 CD7 cells, not CD5'CD7" cells, were predominant (Case 2 D).

Discussion
In this study, we investigated the clinical and laboratory characteristics of EBV-HLH, IM-HLH, and IM to assist in their
early differentiation and providing appropriate treatment for each condition. First, we discuss the comparison of HLH
(including both EBV-HLH and IM-HLH) and IM. In HLH cases, we observed elevation of ferritin and sIL-2R and
decreases of lymphocyte and platelet counts. Elevation of ferritin and sIL-2R are signs of hypercytokinemia due to
aberrant activation of the immune system, and the decrease in lymphocytes and platelets is the result of hemophagocy-
tosis that is triggered by hypercytokinemia. Elevation of D dimer, which indicates coagulopathy following hypercyto-
kinemia, is also a distinctive feature of HLH, and this result is consistent with those of a previous study.” These results
suggest that hypercytokinemia-induced hemophagocytosis and coagulopathy are the hallmarks of HLH. AST and ALT
were elevated in both groups and are therefore not useful to distinguish HLH from IM. This result suggests that severe
liver injury is not associated with the development of HLH. LDH was highly elevated in HLH case 1. However, it was
elevated to the same degree in HLH case 2 and IM group. Thus, LDH does not help distinguish between HLH and IM.
We identified two HLH cases, each showing a different clinical course. HLH case 1 improved rapidly with
corticosteroid monotherapy, while HLH case 2 did not respond to repeated corticosteroid pulse therapy and cyclosporine
and died in a few weeks. Regarding laboratory tests performed at the presentation, only the LDH level on day 1 was
clearly different between HLH case 1 and HLH case 2 (Table 1). However, we considered LDH was not a prognostic
factor, since the LDH level in HLH case 2 gradually increased during the following course (Figure 1). Plasma EBV-
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Figure 3 Flow cytometric analysis of lymphocytes in bone marrow (A) CD45 gating. The population with the highest CD45 fluorescence intensity corresponds to
lymphocytes. (B) CD38" cells were dominant in both cases. (C) Both CD4" cells and CD8" cells existed in case |; however, CD8" cells were dominant in case 2. (D) CD5
expression was reduced significantly in case 2, but not in case |. These findings suggest clonal proliferation of CD5"CD8" T lymphocytes in case 2.

DNA, measured after two doses of methylprednisolone, was also elevated to a similar degree in both cases. In
consequence, a general blood test and plasma EBV-DNA are not enough to predict treatment response and prognosis
of HLH cases.

HLH can develop from several forms of EBV infection.'®'" EBV-HLH and chronic active EBV infection (CAEBV)
are well-known forms of HLH triggered by EBV infection,’ and severe form of IM can also potentially lead to HLH by
reactive hypercytokinemia (IM-HLH). In EBV-HLH and CAEBY, virus-infected T cells or Natural killer cells proliferate
mono- or oligoclonally and exhibit lymphoma-associated HLH-like properties. In IM, infected B cells proliferate
polyclonally and cause a reactive inflammatory response with no neoplastic component.®

Several previous studies analyzed the immunophenotypes of bone marrow and peripheral blood lymphocytes in EBV-
HLH.'? They reported that the presence of CD5 CD8" T cells was a remarkable feature of EBV-HLH and that these
proliferating T cells played a critical role in the pathogenesis of EBV-HLH.'? In our HLH case 1, both CD4" T cells and
CDS8" T cells were detected, which was consistent with polyclonal proliferation of T cells (Figure 3 Case 1C); however,
only a small number of CD5™ T cells were confirmed (Figure 3 Case 1D). In contrast, in case 2, CD5 CD8" T cells were
dominant in the bone marrow (Figure 3 Case 2C and D), suggesting monoclonal proliferation of infected T cells.
According to previous studies, HLH case 1 corresponds to IM-HLH, and HLH case 2 corresponds to EBV-HLH. We
assume that this diagnostic distinction can explain the difference of therapeutic response in each case. Based on previous
reports of FCM of EBV-HLH and our two cases, we recommend analyzing the FCM of bone marrow cells in addition to
plasma or serum EBV-DNA measurements in diagnosing EBV-related HLH (Figure 4). In cases where clonal prolifera-
tion is suggested, as with our HLH case 2, prompt and vigorous treatment is warranted. On the other hand, if polyclonal
proliferation is confirmed, as with our HLH case 1, corticosteroid monotherapy can be sufficient treatment, and
potentially harmful treatments should be avoided.

Several limitations of this study should be acknowledged. First, we only analyzed a limited number of cases and did
not conduct statistical analyses between groups. More cases are needed to confirm the reliability of our recommendation.
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Figure 4 Diagnostic algorithm for EBV-HLH and IM-HLH In patients with a diagnosis of acute EBV infection, investigate for features of HLH. Once the diagnosis of HLH is
made, we recommend performing a flow cytometric analysis of bone marrow cells to confirm the presence of a clonal proliferation of CD5-CD8+ T cells. If positive, EBV-
HLH is suggested and early, strong treatment should be considered. If negative, IM-HLH is suggested, and corticosteroid therapy may be effective.

Abbreviations: EBV-HLH, Epstein—Barr virus—associated hemophagocytic lymphohistiocytosis. IM-HLH, infectious mononucleosis-induced hemophagocytic lymphohistio-
cytosis. FCM, flow cytometric analysis. CS, corticosteroid. IVIG, Intravenous Immunoglobulin.

Second, EBV-DNA was measured after the initiation of corticosteroid therapy and may not reflect the natural course of
the disease. The number of missing values in the IM group was another factor that made comparison between the groups
difficult. Third, we have not analyzed any HLH cases other than those caused by EBV infection. We therefore cannot say
whether the features we found in this study are also valid for other types of HLH. Various pathogens have been reported
to cause HLH. As for viruses, herpes simplex virus, varicella-zoster virus, entero virus, and cytomegalovirus are well-
known causative pathogens. In addition, HLH caused by viruses that cause hemorrhagic fever, such as Hantaan, Seoul,
and Puumala viruses, have also been reported.'® To the best of our knowledge, it is unrevealed that activated and/or
proliferating cell types depend on virus species. We hope that these limitations will be overcome in future studies.

In conclusion, this study indicates that cytopenia, coagulopathy, and elevation of ferritin and sIL-2R are the hallmarks
of HLH that can be used to differentiate it from IM. However, it is not enough to diagnose HLH to provide appropriate
treatment. We recommend that the type of underlying EBV infection should be differentiated in more detail. For this
purpose, analyzing the immunophenotype of lymphocytes in the bone marrow enables clinicians to differentiate EBV-
HLH from IM-HLH.
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Patient Consent for Publication
We obtained written informed consent from two patients of HLH case for the publication of this report. This study was

also approved by the Ethical Committee of Nara Medical University (approval number: 2695). The signed consent forms

are retained by the corresponding author.

Disclosure
All authors report no conflict of interest for this study.
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