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Abstract
Purpose T cell-Epstein-Barr virus–associated hemophagocytic lymphohistiocytosis (T cell-EBV-HLH) is prevalent in East 
Asia and has poor prognosis. Understanding of this disease is limited, and literature regarding prevalence in North America 
is scarce. Herein, we summarize our experience.
Methods A retrospective analysis of T cell-EBV-HLH patients admitted to Children’s Healthcare of Atlanta (GA, USA) 
from 2010 to 2020 was conducted. Additional immune studies were completed in a subset of patients.
Results We report 15 patients (10 months–19 years of age) diagnosed with T cell-EBV-HLH. Nine patients were Hispanic, 
and the majority did not have primary HLH (p-HLH) gene defects. Soluble interleukin-2 receptor levels in T cell-EBV-HLH 
were significantly higher than other forms of secondary-HLH but comparable to p-HLH, and it correlated with disease severity 
at presentation. Natural killer cell function was decreased in most patients despite a negative workup for p-HLH. Depending 
on disease severity, initial therapy included dexamethasone or dexamethasone and etoposide. Refractory patients were man-
aged with blended regimens that included one or more of the following therapies: combination chemotherapy, alemtuzumab, 
emapalumab, and nivolumab. Rituximab did not appreciably decrease EBV viremia in most patients. Non-critically ill patients 
responded well to immunosuppressive therapy and are long-term survivors without undergoing allogeneic hematopoietic stem 
cell transplantation (HSCT). Alemtuzumab resulted in inflammation flare in two of the three patients. Three patients under-
went allogeneic HSCT, with disease relapse noted in one. At a median follow-up of 3 years, 10 of the 15 patients are alive.
Conclusion T cell-EBV-HLH occurs in the USA among the non-Asian populations, especially in those who are Hispanic.
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Introduction

Hemophagocytic lymphohistiocytosis (HLH) is a rare and 
potentially life-threatening disorder. It is characterized by 
a cytokine storm of pro-inflammatory cytokines, resulting 
in a clinical presentation of fever, splenomegaly, hypofi-
brinogenemia, and coagulopathy [1].

Based on the underlying genetic basis, HLH can be 
classified as primary (p-HLH) or secondary. Genetic 
defects in T and natural killer (NK) cell degranulation and 
cytotoxicity lead to an abnormal inflammatory response 
and result in p-HLH; these include mutations in PRF1, 
UNC13D, STXBP2, STX11, LYST, and RAB27a [1–6]. 
Secondary HLH is usually triggered by underlying infec-
tious, neoplastic, or autoimmune effectors. Epstein-Barr 
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virus (EBV) is considered a common infectious inducer 
of secondary HLH (EBV-HLH) [1, 7].

In the vast majority of EBV-HLH in Western countries, B 
cells are the primary reservoir of EBV. Rituximab, an anti-
CD20 antibody, is an effective treatment for these patients [7].

However, there are several reports of fulminant EBV-HLH, 
in which EBV is primarily found in T and NK cells. This T 
cell–associated EBV-HLH (T cell-EBV-HLH) has predomi-
nantly been described in patients of East Asian origin, mainly 
from Japan and China [8–12]. The clinical course in the 
majority of these patients is usually fulminant and warrants 
urgent treatment and, in several cases, allogeneic hematopoi-
etic stem cell transplantation (HSCT) [13, 14]. Reports of T 
cell-EBV-HLH phenotype among non-Asians are scarce [15].

In this study, we summarize our experience with T cell-
EBV-HLH in a cohort of 15 pediatric patients from the 
southeast United States (US). A detailed analysis of the 
immune profile, clinical course, and laboratory workup, 
including T cell activation profile and outcome, was con-
ducted, along with a review of the corresponding literature.

Materials and Methods

Patient Cohort

A retrospective analysis of patients diagnosed with T cell-
EBV-HLH and were admitted to Children’s Healthcare of 
Atlanta (CHOA; Georgia, USA) from 2010 to 2020 was con-
ducted. The study was approved by the institutional review 
board. Diagnosis of HLH was made according to the HLH 
diagnostic criteria [2]. Baseline demographic and treat-
ment characteristics, laboratory values, and outcomes were 
extracted from patients’ electronic medical records. Race/
ethnicity was patient reported. Patients with p-HLH and 
macrophage activation syndrome (MAS), who were admit-
ted to CHOA during the same period (2010–2020), were 
included, as a comparison cohort.

Genetic Workup

Results from gene panel testing were available for 12 patients 
and included the following genes: AP3B1, CD27, ITK, LYST, 
PRF1, RAB27A, SH2D1A, STX11, STXBP2, UNC13D 
(MUNC13-4), and XIAP (BIRC4). In some patients, a 
broader next-generation-based sequencing immune gene 
panel and whole exome sequencing were completed.

EBV Identification

Plasma EBV viremia was evaluated using polymerase 
chain reaction (PCR). EBV was demonstrated in T, B, 
and NK cells by PCR in sorted populations or by EBV-
encoded RNA (EBER)-in situ hybridization (ISH) stain-
ing of bone marrow with immunohistochemical staining 
for CD3 and PAX5. Due to sampling volume limitation 
in children, profound lymphopenia at presentation, and 
logistical reasons, we were not able to differentiate if the 
EBV in T cell predominantly affected CD4 or CD8 com-
partment. As per pathologist discretion, in a limited num-
ber of patients (n = 7), T cell clonality was evaluated by 
T-cell receptor gamma gene rearrangement studies. EBV 
serology consisting of IgG and IgM EBV viral capsid 
antigen (VCA), IgG EBV early antigen (EBV-EA), and 
IgG EBV nuclear antigen (EBNA) was also evaluated in 
some patients.

Immune Workup

Standard of care immune workup was performed at the 
Clinical Laboratory Improvement Amendments (CLIA)-
certified clinical laboratory of CHOA and at the diagnostic 
immunology laboratory at Cincinnati Children’s Hospital 
Medical Center. Immune investigations consisted of lympho-
cyte subset analysis, perforin and granzyme B expression, 
CD107a degranulation assay, plasma soluble interleukin-2 
receptor (SIL2R) levels, NK cell activity, and cytotoxic T 
lymphocyte (CTL) function.

In a limited number of patients (three p-HLH and three 
T cell-EBV-HLH), additional T cell immunophenotyp-
ing for the purposes of research was performed. Periph-
eral blood mononuclear cells (PBMCs) were stained with 
CD3-PerCP/Cy5.5, CD8-BUV395, CD45RA-APC, CCR7-
PE, HLA-DR-BV711, CD38-BUV496, and PD-1-BV421 
antibodies (BD Biosciences and BioLegend). Live/dead 
fixable aqua dead cell stain (Thermo Fisher) was used to 
exclude dead cells in the analysis. Flow cytometry data was 
acquired on BD FACSymphony™ A5 and analyzed using 
FlowJo software v10. Effector memory (EM) population of 
 CD8+ T cells was identified as  CCR7−  CD45RA−  CD8+ 
T cells. Activated  CD8+ T cells were identified as HLA-
DR+CD38+ gated on  CD8+ EM T cells or  CD8+ T cells. 
Due to a lack of additional T-cell immunophenotypic data 
from infection-related HLH (iHLH) and MAS cohorts, our 
T cell activation analysis was restricted to p-HLH and T 
cell-EBV-HLH.
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Results

Clinical Characteristics of the Patients

Clinical characteristics of the patients are summarized in 
Table 1. Fifteen patients (9 males, 6 females) with a mean 
age at presentation of 3.9 years (10 months–19 years) were 
included in the analysis. Eight of the 15 patients were less 
than 3 years of age. Twelve patients were non-Asian. Of 
these, nine patients were Hispanic, two were Caucasian, and 
one was African American. None of the patients had a fam-
ily history of HLH. In 14 of the 15 patients, EBV-HLH was 
the presenting manifestation and only one patient had NK/T 
cell lymphoma preceding HLH diagnosis (patient (P)9). 
None of the patients in our cohort had a preceding history 
of chronic active EBV (CAEBV) infection. Nine patients 
required critical care for cardiorespiratory and hemodynamic 
support. Five patients presented with acute liver failure.

Diagnostic Workup

HLH Workup of Peripheral Blood and Bone Marrow

Peripheral blood analyses at diagnosis are presented in 
Table 2. Cytopenia in at least two cell lineages (hemo-
globin < 9 g/dl, platelets < 100 ×  103/µl, neutrophils < 1 ×  103/
µl) was noted in 12 patients. Elevated hepatocellular 
enzymes were noted in all patients, and five presented 
with aspartate aminotransferase (AST) of > 1000 U/l. Nine 

patients had significant coagulopathy with a fibrinogen level 
of < 100 mg/dl. Elevated ferritin levels (> 500 µg/l) were 
seen in all patients; all but one patient had ferritin levels of 
more than 5000 µg/l. Bone marrow biopsies were performed 
in 13 of the 15 patients (Table 2). Hemophagocytosis was 
demonstrated in 12 out of 13 patients. Bone marrow cellular-
ity was variable, with most being hypercellular.

EBV Identification

Plasma EBV viral load varied from 5094 to > 1,000,000 IU/
ml at presentation (Table 3). The EBV serology profile 
revealed positive IgM VCA and negative IgG EBNA in 
most of the patients tested (Table 3). Also, more than half 
of the patients were less than 3 years of age at disease 
onset; hence, the EBV in these patients is likely to be a 
primary or early infection. In the majority, EBV was dem-
onstrated in T cells by PCR in sorted populations. In oth-
ers, EBER-ISH staining of bone marrow in the  CD3+ T 
cell region was used to diagnose T cell-EBV-HLH (Fig. 1, 
Table 3). T cell clonality studies revealed clonal or oligo-
clonal T cells in all patients tested (Table 3).

Genetic Workup

Gene panel testing for known p-HLH genes did not show 
pathologic defects in 10 out of 12 patients tested. One 
patient was found to be a PRF single-allele carrier, and 

Table 1  Clinical characteristics of patients with T cell-EBV-HLH

*Self-identified
M male, F female, AA African American

Patient 
number

Gender Ethnic background* Family history Age at presentation (years) Clinical presentation

Fever ≥ 38.5 °C Splenomegaly Coagulopathy

1 M Caucasian No 4.9 Yes Yes Yes
2 F Hispanic No 7.0 Yes Yes Yes
3 F Hispanic No 1.0 Yes Yes Yes
4 F East Asian No 2.1 Yes Yes No
5 M Hispanic No 2.2 Yes Yes No
6 F Hispanic No 7.0 Yes Yes Yes
7 M East Asian No 4.8 Yes Yes Yes
8 M Caucasian No 19.0 Yes Yes Yes
9 M Hispanic No 15.0 Yes Yes Yes
10 F Hispanic No 1.0 Yes Yes No
11 M Hispanic No 1.0 Yes Yes Yes
12 M Hispanic No 3.0 Yes Yes Yes
13 F Hispanic No 19.0 Yes Yes No
14 M AA No 0.8 (10 months) Yes Yes Yes
15 M East Asian No 0.9 (11°months) Yes Yes Yes
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another patient had two variants of unknown significance 
in RAB27a (Table 4).

Immune Workup

Results of the immune workup are presented in Table 4. 
Median SIL2R levels were markedly increased in all 
patients. SIL2R levels from T cell-EBV-HLH patients were 
compared to SIL2R levels from other HLH patients diag-
nosed during the same period. We noted that the SIL2R lev-
els in patients with T cell-EBV-HLH (20,251 ± 11,318 U/
ml) were comparable to the levels in those with p-HLH 
(25,679 ± 16,837 U/ml). Additionally, patients with T 
cell-EBV-HLH had significantly higher SIL2R levels 
than forms of infection-driven HLH (4339 ± 2048  U/
ml; p < 0.01) or rheumatologic disease–associated HLH 
(MAS) (4727 ± 4396 U/ml; p < 0.001; Fig. 2A). Addition-
ally, T cell-EBV-HLH patients, who were critically ill and 
needed intensive care management at presentation, had 
higher SIL2R when compared to non-critically ill T cell-
EBV-HLH patients (27,072 ± 11,108 vs. 12,284 ± 4279 U/
ml; p < 0.05; Fig. 2B).

Direct T cell activation markers were evaluated in three 
consecutive patients with T cell-EBV-HLH (P13-P15). Simi-
lar to p-HLH, 70–95% of EM  CD8+ showed activation with 
high HLA-DR and CD38 expression (Fig. 3). Further, both 
T cell-EBV-HLH and p-HLH patients had high expression 
of PD-1 in EM  CD8+ T cells, suggesting upregulation of 
co-inhibitory PD-1 in the setting of marked T cell activa-
tion (Fig. 4).

CD4/CD8 ratio was < 1 in 9 out of 11 patients, suggesting 
a relative expansion of  CD8+ T cells. NK cell activity was 
reported in six patients and was decreased or absent in five 
patients. CTL function was available for three patients (P8, 
P10, and P11) and was decreased in one patient (P11). Per-
forin and granzyme B expression testing was performed in 
12 patients, but two patients had inadequate NK cells to 
adequately evaluate expression. Of the 10 evaluable patients, 
perforin and/or granzyme B was elevated in all the patients 
(Table 4). There was a mild decrease in perforin expres-
sion in one patient, though the perforin genotype was nor-
mal. CD107a degranulation was normal in five of the seven 
patients evaluated.

Treatment and Outcome

Treatment and outcome information is listed in Table 5. 
Dexamethasone was given to all the patients. Patient also 
received etoposide (n = 11), cyclosporine A (n = 3), rituxi-
mab (n = 12), alemtuzumab (n = 3), emapalumab (n = 2), 
nivolumab (n = 2), and anakinra (n = 1). In many patients, 
when EBV was identified, rituximab was empirically 

administered by the treating team with the clinical assump-
tion that EBV is predominantly in the B cell compartment. 
However, after identification of EBV in T cell, further, 
rituximab was usually held. Intravenous immunoglobulin 
was given as part of supportive management for all patients.

Nine patients required intensive care unit (ICU) admis-
sion. All six patients who did not require ICU care were 
alive at the date of last contact. Of the nine patients needing 
ICU care, three had hemodynamic shock, five presented with 
acute liver failure, and three had respiratory distress. Among 
them, four are alive. At a median follow-up of 3 years, the 
overall survival was 66.6%. No relationship between dis-
ease severity and EBV load at presentation was apparent. 
EBV viremia decreased in all patients with initiation of T 
cell–directed therapy (dexamethasone and/or etoposide), and 
the addition of rituximab did not result in an appreciable 
decrease in EBV viremia.

Four of the six non-critically ill patients received dexameth-
asone alone or in combination with rituximab. This therapy 
led to complete remission in all four patients. All critically 
ill patients admitted to ICU (n = 9) and two non-critically ill 
patients were initially started on a regimen containing dexa-
methasone and etoposide (n = 11), as per HLH-94/2004 pro-
tocol [16]. Though there was an initial response in all patients, 
five patients had either inadequate disease control or disease 
recurrence. A chemotherapy regimen of CHOP (cyclophos-
phamide, doxorubicin, vincristine, and prednisone) (n = 2) or 
EPOCH (etoposide, vincristine, doxorubicin, cyclophospha-
mide, and prednisone) (n = 1) was used in patients refractory to 
etoposide and resulted in partial disease control. Alemtuzumab 
was used in three patients—two of these patients subsequently 
had worsening of EBV viremia and elevation of ferritin. The 
combination of emapalumab and nivolumab was used in two 
patients with refractory disease; one patient had no significant 
response while the other had a partial response.

All nine critically ill patients and one patient with persis-
tent low-level EBV viremia after HLH control were initially 
evaluated for HSCT. Of these ten patients, three achieved 
complete remission with conventional HLH therapy and 
cleared EBV viremia and therefore did not proceed to HSCT. 
Four of the ten patients died before undergoing HSCT, and 
three patients underwent HSCT. Of the three patients, one 
is a long-term survivor (P8), one is in the immediate post-
HSCT period (P15), and one died of post-HSCT compli-
cations (P9). P9 developed graft versus host disease, ade-
noviremia, EBV reactivation, and refractory HLH despite 
100% of donor T cells. For patients who did not undergo 
HSCT, causes of death included intracranial bleeding, 
refractory adenoviremia and EBV reactivation (P2), refrac-
tory HLH disease (P4), intracranial bleeding associated with 
coagulopathy (P6), and refractory disease complicated by 
SARS-CoV2 (P14).
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Discussion

We describe 15 children of various racial and ethnic back-
grounds with T cell-EBV-HLH. East Asian populations have 
previously been reported to have a high incidence of T cell-
EBV-HLH and T/NK cell–mediated EBV-lymphoprolifer-
ative disorder (LPD) [10, 13, 17, 18]. In our cohort, nine 
of the 15 patients were Hispanic, suggesting that T cell-
EBV-HLH may be under recognized in this group. Limited 
reports exist on the prevalence of T and NK cell–based EBV-
LPD disorders in patients of Central and South American 
backgrounds [19–21]. Beutel et al. [15] described seven 
German patients with T cell-EBV-HLH. Our study dem-
onstrates that T cell-EBV-HLH can be found in Caucasian 
and African American patients as well, albeit at a lesser 
frequency. Recent reports of hydroa vacciniforme–like 
LPD in Caucasians are suggestive that T cell-EBV-LPD 
can also be seen in Caucasians [22]. The clinical spectrum 
of T/NK cell–mediated EBV-LPD is broad [18, 21]. In our 
study, majority had HLH as the presenting manifestation of 

underlying EBV-driven LPD. Only one had history of NK/T 
cell lymphoma, and none had history of CAEBV infection.

The reason why T cell-EBV-HLH is more common in 
East Asian and Hispanic populations is not apparent, and 
the genetic basis is not well defined. Though monogenic 
diseases associated with increased EBV susceptibility are 
identified, most tend to involve EBV affecting the B cell 
compartment [23–26]. In our cohort, evaluation for clas-
sical p-HLH genetic defects was negative in most patients. 
One patient had two RAB27a variants in trans along with a 
decrease in CD107a degranulation, suggesting there might 
have been a component of CTL defect similar of p-HLH. 
Though the vast majority of atypical T/NK cell–based EBV-
LPD has no known monogenetic defects, case reports allude 
to the presence of a classical cytotoxic pathway defect in 
some patients [8, 27].

NK cell function was noted to be decreased in five of the 
six patients tested. This is despite having a higher expres-
sion of perforin and granzyme B in the majority of the tested 
patients. Degranulation was also noted to be decreased 

Table 3  EBV profile of the patients’ cohort

EBV Epstein-Barr virus, VCA viral capsid antigen, EBV EA EBV early antigen, EBNA EBV nuclear antigen, NK natural killer, NA data is not 
available
*EBV viral load at presentation
# EBV viral load increased to > 1,000,000 IU/ml during the disease course
**T cell clonality assessed by T cell receptor gamma gene rearrangement
***EBV-positive cell fraction evaluated by either sorted PCR or EBER ISH

Patient 
number

EBV viremia 
load (IU/ml)*

EBV VCA IgG EBV VCA IgM EBV EA IgG EBNA IgG Status of EBV 
infection

Clonality** EBV + cell 
fraction***

1 88,200 NA NA NA NA NA Clonal T T cells
2 951,060  +  +  +  +  +  +  +  + – Primary/early 

infection
Clonal T T cell

3 110,000  +  +  + – –  +  +  +  + Reactivation Clonal T T cell
4 138,930 NA NA NA NA NA NA T cell
5 175,300#  +  +  +  +  +  +  +  +  +  + – Primary/early 

infection
NA T cells

6 5094#  +  +  +  +  +  + Primary/early 
infection

NA T cells

7 156,000  +  + – – Primary/early 
infection

Clonal T T cells

8  > 1,000,000 NA NA NA NA NA NA T cells
9  > 1,000,000  +  +  +  + –  +  +  + Primary/early 

infection
NA T cells

10  > 1,000,000  +  + – – Primary/early 
infection

NA T and B cells

11 320,797  +  +  +  + –  + Primary/early 
infection

Clonal T T cells

12 221,488 NA NA NA NA NA Oligoclonal T T and B cells
13 68,825 –  + – – Primary/early 

infection
NA T and B cells

14  > 1,000,000 NA NA NA NA NA NA T and NK cells
15  > 1,000,000 NA NA NA NA NA Clonal T T cells
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in some patients, suggesting there could be an acquired 
degranulation defect due to EBV infection of T cells in some 
patients with T cell-EBV-HLH. The findings of decreased 
NK cell cytotoxicity and decreased degranulation could be 
due to EBV-induced alterations such as immune exhaustion, 
acquired defects in degranulation, co-stimulation, and cyto-
toxicity [28]. Interestingly, we found that in two of the three 
tested patients, CTL cytotoxicity assessed against EBV-
immortalized B cells showed normal cytotoxicity. In our 
limited patient data, we have shown both T cell-EBV-HLH 
and p-HLH have high PD-1 expression. Increased PD-1 
may not be a primary phenomenon and is likely a marker of 
activation. Since treatment with PD-1 inhibitors in T cell-
EBV-HLH was shown to result in improvement in EBV load 
and HLH [28], upregulation might be an acute counter-reg-
ulatory mechanism following activation, but if persistent, it 
could result in additional T cell dysfunction.

Utilizing T cell activation biomarker, SIL2R, and direct T 
cell activation markers such as HLA-DR and CD38, we have 
shown that the amplitude of T cell activation in patients with 
T cell-EBV-HLH was comparable to patients with p-HLH 
[29]. When compared to other forms of secondary HLH, such 
as other infections associated with HLH and MAS, the extent 
of T cell immune activation is significantly higher. These 
findings suggest that despite the absence of classical genetic 
defects in granule-mediated cytotoxicity, the amplitude of T 
cell activation in T cell-EBV-HLH is similar to that seen in 

p-HLH. Higher acuity, morbidity, and mortality in T cell-
EBV-HLH when compared to other infections associated 
with HLH or MAS could be, in part, due to higher T cell 
activation noted in this form of HLH. Transient suppression 
of EBV-induced NK and T cell cytotoxic functions could lead 
to a hyper-inflammatory state similar to that seen in p-HLH.

EBV PCR flow in sorted cell populations is a more defin-
itive modality to identify T cell-EBV-HLH. However, an 
alternate strategy, such as dual staining for CD3 and EBER 
and EBER flow FISH [30], could also help establish EBV 
infection of T cells. The findings of persistently high EBV 
viral load despite empiric rituximab could also offer a clue 
to practitioners that EBV may not be predominantly in 
the B cell compartment. Differentiating this from B cell-
EBV-HLH is critical, as most B cell-EBV-HLH responds to 
rituximab-based treatment regimens [31]. In contrast, T cell-
EBV-HLH usually has a poor response to rituximab. In our 
cohort, EBV clearance in some patients was achieved with 
T cell–directed therapy alone without using rituximab. As 
rituximab holds a possible risk of post-treatment persistent 
hypogammaglobulinemia and recurrent infections [32], its 
use could be restricted to B cell-EBV-HLH.

Alemtuzumab, a monoclonal anti-CD52 antibody 
which causes mature T cell depletion, was suggested 
as a reasonable salvage therapy for HLH [33]. Two 
patients in our cohort had clinical deterioration while 
receiving alemtuzumab therapy. The mechanism for this 

Fig. 1  A The core biopsy 
demonstrates a marrow 
space completely replaced 
by a proliferation of large, 
atypical cells and histiocytes. 
Background hematopoiesis 
is markedly decreased. B An 
EBV (EBER) in situ hybridiza-
tion demonstrates markedly 
increased staining in the core 
biopsy. C PAX5 stain highlights 
rare small B cells. D A CD3 
stain highlights numerous cells 
throughout the infiltrate, includ-
ing large cells, and the EBER 
staining appears to correspond 
to a subset of  CD3+ T cells
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Table 4  Immune workup of T cell-EBV-HLH patients

NA data is not available, NK natural killer, HLH hemophagocytic lymphohistiocytosis, CTL cytotoxic T lymphocytes, VUS variant of unknown 
significance, IL interleukin

Patient 
number

CD4+/CD8+ 
(age-matched 
reference)

NK cell activity Primary HLH 
gene mutation

Soluble IL-2 
receptor (U/ml; 
age-matched 
reference)

CD107a (%; 
age-matched 
reference)

Perforin/gran-
zyme B

CTL function

1 NA Absent Negative 15,221 (≤ 2126) NA Increased expres-
sion of perforin 
and granzyme B 
in NK cells

NA

2 0.63 (0.8–5.0) NA Negative 26,709 (45–1105) NA Increased gran-
zyme B expres-
sion in NK cells

NA

3 NA Normal Negative 11,605 (334–
3026)

NA Not accurate due 
to the insuffi-
cient number of 
NKT cells

NA

4 NA NA NA  > 6500 (< 970) NA NA NA
5 0.91 (0.8–5.0) NA Negative 12,329 (≤ 2126) 7 (11–35) Increased expres-

sion of perforin 
and granzyme B 
in NK cells

NA

6 1.27 (0.8–5.0) NA Negative 33,305 (45–1105) Normal Increased expres-
sion of perforin 
and granzyme B 
in NK cells

NA

7 NA Decreased NA 26,376 (≤ 2126) NA Not accurate due 
to the insuffi-
cient number of 
NKT cells

NA

8 0.90 (0.8–5) Decreased VUS in RAB27a NA (45–1105) 7 (11–35) NA Normal
9 0.53 (0.8–5) Decreased Negative 18,414 (45–1105) 16 (11–35) Increased expres-

sion of perforin 
and granzyme B 
in NK cells

NA

10 1.41 (1.2–6.6) Decreased Negative 10,887 (334–
3026)

10 (11–35) Increased expres-
sion of perforin 
and granzyme B 
in NK cells

Normal

11 2.46 (1.2–6.6) NA PRF single-allele 
carrier

18,066 (334–
3026)

11 (11–35) Increased expres-
sion of perforin 
and granzyme B 
in NK cells

Decreased to 
absent

12 0.14 (0.8–5.0) NA Negative 5422 (≤ 2126) 21 (11–35) Decreased expres-
sion of perforin 
in NK cells 
and increased 
expression of 
granzyme B in 
NK cells

NA

13 0.61 (0.8–5.0) NA Negative 11,849 (137–838) NA Increased 
expression of 
granzyme B in 
NK cells

NA

14 0.76 (0.8–5.0) NA Negative 26,370 (334–
3026)

NA Increased expres-
sion of perforin 
and granzyme B 
in NK cells

NA

15 0.61 (0.8–5.0) NA NA 46,723 (334–
3026)

NA NA NA
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observation remains unknown. A recent report by Liu 
et  al. [28] demonstrated the efficacy of nivolumab in 
patients with relapsed/refractory T cell-EBV-HLH. It is 
important to note that only two of the seven patients in 
that cohort had SIL2R > 2000 U/ml. Similarly ferritin of 
more than 2000 ng/ml was noted in only two of the seven 
patients [28]. Based on this observation, it appears that 
Liu et al. [28] used nivolumab in EBV-HLH patients with 
only modest immune activation. In our patients, relapse 
or recurrence was characterized by a rapid increase in 
SIL2R to more than 20,000 U/ml, and in many, ferritin 
was > 100,000 ng/ml. The overwhelming immune activa-
tion might be the reason why nivolumab did not have a 
favorable response in our patient.

In our cohort, patient’s refractory to etoposide responded 
to combination chemotherapy regimens consisting of cyclo-
phosphamide and doxorubicin. It is hard to predict which T 
cell-EBV-HLH patients need aggressive therapy, including 
etoposide and/or a combination chemotherapy followed by 
HSCT, and which patients could receive a milder immune 
modulation and expectant management. It is worth not-
ing that unlike most patients with CAEBV infection who 
require HSCT for a definitive cure, a significant proportion 
of patients with T cell-EBV-HLH can remain in remission 
without proceeding to HSCT. This finding that a propor-
tion of patients with T cell-EBV-HLH can do well without 
needing HSCT aligns with similar findings by Sawada and 
Inoue [14] in Japanese patients. The biological basis for the 
difference in long-term management of T cell-EBV-HLH 
and CAEBV infection is still poorly understood. However, 
it is known that in T cell-EBV-HLH, the cellular target for 
EBV is usually  CD8+ T cells compared to  CD4+ T cells in 

CAEBV infection [34, 35]. Thus, the management of all T/
NK cell–based EBV-LPD is not the same.

In our study, the acuity of presentation seems to be an 
important predictor of long-term outcome in T cell-EBV-
HLH. Patients who are not critically ill at presentation 
needed less immune modulation and had an excellent long-
term survival without needing HSCT. Additionally, even 
among those presenting with high disease acuity and criti-
cal illness, a significant proportion of patients are long-term 
survivors without HSCT. It is important to note that one 
patient had a relapse of EBV-HLH despite having 100% of 
donor cells in T cell compartment.

Despite this being one of the largest cohorts of T cell-
EBV-HLH in non-Asian children, the single-center experi-
ence and retrospective nature of the study limit its general-
izability. Larger, prospective multi-institutional studies are 
needed to understand the biological basis and risk factors and 
define treatment paradigms for this potentially fatal disorder.

In conclusion, this study provides a detailed description 
of non-Asian patients with T cell-EBV-HLH in the USA, 
highlighting the presence of this disease in patients from 
a variety of racial and ethnic backgrounds. We also show 
that the amplitude of T cell activation in patients with T 
cell-EBV-HLH is similar to that in patients with p-HLH. 
Therefore, early diagnosis of T cell-EBV-HLH is critical. 
Staged management based on the acuity of initial presenta-
tion and response-based escalation of therapy, including 
HSCT, is also warranted. Non-critically ill patients, who 
responded well to initial immunosuppressive therapy, may 
not need HSCT. Patients, who are refractory to combi-
nation chemotherapy or other salvage therapies, experi-
ence high mortality, and emergent allogeneic HSCT may 

Fig. 2  A SIL2R levels of 
patients with p-HLH, T cell-
EBV-HLH, infection-driven 
HLH (i-HLH), and MAS. 
SIL2R levels are markedly 
increased in all the patients 
with T cell-EBV-HLH and are 
comparable to those in patients 
with p-HLH. SIL2R levels in T 
cell-EBV-HLH are increased, as 
compared to i-HLH (**p < 0.01) 
and MAS (***p < 0.001). B A 
comparison between criti-
cally ill and non-critically ill 
patients with T cell-EBV-HLH. 
T cell-EBV-HLH patients, who 
are critically ill at presentation, 
had higher SIL2R levels when 
compared to the non-critically 
ill group (*p < 0.05)
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be indicated. Further prospective studies to enhance our 
understanding of immunobiology, genetic basis, and risk 
stratification–based therapies for patients with T cell-
EBV-HLH patients are needed to validate our results and 
improve outcome for this potentially fatal disorder.
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Fig. 3  Flow cytometry analysis of T cell activation markers in 
three consecutive patients with T cell-EBV-HLH. A, B HLA-
DR+ vs.  CD38+ gated on effector memory (EM)  CD8+ T cells in 
patients with p-HLH and T cell-EBV-HLH, respectively. C HLA-
DR+CD38+ EM  CD8+ T cells are significantly increased in patients 
with p-HLH and T cell-EBV-HLH, as compared to healthy con-
trols (****p =  < 0.0001). However, comparable activation mark-
ers can be seen between p-HLH and T cell-EBV-HLH. D–F Similar 
results are noted when gating HLA-DR+ vs.  CD38+ on  CD8+ T cells 
(**p =  < 0.01)
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Fig. 4  Flow cytometry analysis of T cell activation markers in three 
consecutive patients with T cell-EBV-HLH. A, B HLA-DR+ vs. 
PD-1+ gated on EM  CD8+ T cells in patients with p-HLH and T cell-

EBV-HLH, respectively. C HLA-DR+PD-1+ EM  CD8+ T cells are 
significantly increased in p-HLH and T cell-EBV-HLH, as compared 
to healthy controls (****p < 0.0001)
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