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Short Communication

cD38high/HLA-DR*CD8* T lymphocytes display
pathogen-specific expansion regardless of
hemophagocytic lymphohistiocytosis
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The characteristic expansion of T CD38Msh/HLA-DR*CD8* lymphocytes observed in hemophagocytic lymphohistiocy-
tosis (HLH) and macrophage activation syndrome (MAS) proved able to distinguish HLH/MAS from sepsis and sys-
temic juvenile idiopathic arthritis. However, the performance of this marker in differentiating HLH/MAS from other
pediatric febrile conditions with similar clinical onset and yet entirely different treatments remains unexplored.
CD38high/HLA-DR*CD8* frequencies measured in the peripheral fresh blood of pediatric patients attended for suspicion
of HLH/MAS were retrospectively recorded and clinical characteristics were retrieved. CD38M8h/HLA-DR+CD8* frequen-
cies in HLH/MAS patients (15 patients; median: 22.0%, IQR: 11.0-49.0%) were compared with those who presented febrile
conditions other-than-HLH (28 patients; median: 13.0%, IQR: 3.9-28.7%; p = 0.24). HLH and non-HLH patients were sub-
sequently regrouped based on the presence of an identified infection (22 patients; median: 27.0%, IQR: 15.2-72.1%) and
compared with those without infections (21 patients; median: 7.6%, IQR: 3.7-24.3%; p = 0.0035). CD38"g"/HLA-DR*CD8*
percentages were significantly higher only in the infection group compared with the noninfection one, with a patent
pathogen-specific expansion in Epstein-Barr virus primoinfection and visceral leishmaniasis regardless of the presence
of HLH. CD38"g"/HLA-DR*CD8* frequencies do not appear as an HLH-specific marker as they naturally expand in other
clinical situations that are common in childhood and may mimic HLH initial presentation.
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Introduction least five out of eight clinical and laboratory criteria as defined by

the Histiocyte Society [4]. Specifically designed criteria are avail-
Hemophagocytic lymphohistiocytosis (HLH) and macrophage  able for the diagnosis of MAS, the HLH associated with rheumatic
activation syndrome (MAS) are rare, life-threatening hyper-acute  diseases [5]. The differential diagnosis from conditions with a
manifestations due to detrimental overactivation of the immune  similar clinical presentation and yet entirely different treatments
system [1-3]. The diagnosis is based on the identification of at  remains challenging, especially in the early stages of the disease.
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The plasma-soluble interleukin-2 receptor (sIL-2R) has proved to
be a suitable marker to assess T-cell activation in HLH. How-
ever, sIL-2R is not an HLH-specific marker since other hyperin-
flammatory and immune regulatory disorders have T-cell activa-
tion profiles overlapping with HLH [6]. Moreover, sIL-2R levels
may increase due to delayed renal or hepatic clearance that are
not infrequent in HLH-like conditions. These limits, together with
the restricted access to sIL-2R testing, reduce its use in clinical
practice. Recently, novel flow cytometric markers have emerged,
potentially supporting clinicians in the HLH diagnostic process [7,
8]. A strong correlation between activated T cytotoxic lympho-
cytes (CD38M¢"/HLA-DR*CD8") frequencies and sIL-2R has been
demonstrated, showing that this marker is capable of identifying
T-cell activation in peripheral blood [9]. In fact, the characteristic
expansion of CD38"8"/HLA-DR™CD8* observed in HLH has been
shown to be able to distinguish HLH from sepsis where this popu-
lation is barely represented [8]. CD38"8"/HLA-DR*CD8* T cells
also showed increased frequencies both in MAS and secondary
HLH when compared with systemic juvenile idiopathic arthritis
(sJIA) [71].

Being easily accessible, the test is quickly gathering momen-
tum, especially in pediatric settings where several febrile condi-
tions beyond sepsis and sJIA may pose a diagnostic challenge
when it comes to differentiating them from HLH/MAS. How-
ever, CD38"g" /HLA-DR*CD8* frequencies showed high variabil-
ity within HLH/MAS, virtually ranging from O to 100% with
median values around 50% [7]. Specific cut-off values have been
identified for the differentiation of HLH/MAS from sepsis and sJIA
[7, 8] but further data on the ability to differentiate HLH/MAS
from other febrile conditions that may mimic the initial clini-
cal presentation of HLH are currently lacking. In addition, when
assessing the specificity of this marker for the early detection of
HLH and its potential inclusion in the HLH diagnostic process, it
should be noted that conditions other than HLH/MAS can result
in a CD38M#"/HLA-DR*CD8* expansion [9-11]. This is particu-
larly relevant when it comes to Epstein—Barr virus (EBV) infection,
which is also the most common trigger of HLH and may benefit
from an early differential between complicated EBV primoinfec-
tion and EBV-triggered HLH [12].

We thus aimed to retrospectively evaluate the performance of
CD38Meh /HLA-DR*CD8™ T cells in the early detection of HLH in
febrile pediatric patients attended for suspicion of HLH/MAS pre-
senting the first experience of test application in a real-life sce-
nario of clinical practice.

Results and discussion

Between October 1, 2021, and October 1, 2023, a total of 43
patients (16 females; median age: 46.2 months, IQR: 19.6-120.1)
attended Meyer Children’s Hospital IRCCS for a suspicion of
HLH/MAS had CD38"8"/HLA-DR*CD8" frequencies measured in
peripheral blood. CD38"&"/HLA-DR+CD8" values, relevant clini-
cal features, infectious agents, and discharge diagnosis are sum-
marized in Tables 1 and 2.

© 2024 The Author(s). European Journal of Immunology published by
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CD38hg"/HLA-DR*CD8* frequencies in HLH- vs.
non-HLH patients

The CD38Meh/HLA-DR+CD8* frequencies showed slightly higher
median values in the HLH group compared with the non-HLH
group with widely overlapping distribution ranges and high scat-
tering. HLH group (15 patients; 5 females; median age: 18.9
months, IQR: 11.0-89.7) exhibited a median CD38""/HLA-
DR"CD8* frequency of 22.0% (IQR: 11.0-49.0%; min-max:
0.4-89.0%), whereas non-HLH group (28 patients; females: 11;
median age: 50.9 months, IQR: 29.3-130.2) showed a median
CD38"g" /HLA-DRTCD8™ frequency of 13.0% (IQR: 3.9-28.7%;
min-max: 1.0-84.0%) with similar distribution ranges (p = 0.24;
Fig. 1A). Given the debated classification of HLH secondary to
visceral leishmaniasis (VL), a similar comparison was carried out
excluding all those cases presenting with VL. Similar distribu-
tion ranges were confirmed between the two groups (HLH-non-VL
median: 14%, IQR: 3.1-75.6 vs. non-HLH-non-VL median: 7.6%,
IQR: 3.7-32.9%; p = 0.690). Among the HLH-group patients,
12/15 (80.0%) had a CD38Msh/HLA-DR+CD8* frequency value
exceeding 10.15%, while among non-HLH-group patients, the
positivity ratio was 15/28 (53.6%; p = 0.1095).

MAS patients displayed higher median values when compared
with sJIA patients (Fig. 1C).

CD38high/HLA-DR*CD8* frequencies in infection- vs.
noninfection-group patients

Infection group (22 patients; 10 females; median age: 21.1
months, IQR: 10.9-45.6; 10/22 with HLH) displayed a median
CD38Msh/HLA-DR*CD8" frequency of 27.0% (IQR:15.2-72.1;
min-max: 0.8-89.0%), while noninfection group (21 patients;
6 females; median age: 101.9 months, IQR: 46.4-148.8; 5/21
with HLH) had a median CD38"8"/HLA-DR*CD8* frequency of
7.6% (IQR: 3.7-24.3; min-max: 0.4-47.2; p = 0.0035; Fig. 1B).
In order to remove a bias due to a slight over-representation of
HLH patients recorded in the infection group (10/22; 45.5%)
when compared with the noninfection group (5/21; 23.8%),
a similar comparison of CD38"8"/HLA-DR*CD8* frequencies
between infection- and non-infection-group patients was con-
ducted excluding all HLH patient and the statistically significant
difference was confirmed (infection-non-HLH median: 26.5%,
IQR 9.0-67.7 vs. noninfection-non-HLH median: 5.4%, IQR, 3.6—
25.0%; p = 0.0321). Again, a similar comparison between the
infection and noninfection group was carried out excluding all
VL and the statistically higher values of the infection group were
confirmed (infection-non-VL median: 58.5%, IQR, 3.3-83.7 vs.
noninfection-non-VL median: 7.6%, IQR 3.6-24.3%; p = 0.047).

The 81.8% (18/22) of infection-group patients presented a
CD38"ig" /HLA-DR*CD8™ frequency higher than 10.15%, whereas
among non-infection-group patients the percentage was 42.9%
(9/21; p = 0.0122).

Among infection-group patients, 10 were diagnosed with VL,
7 with EBV-primoinfection, 1 with influenza, and 1 with HIV,
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Table 2. Clinical and laboratory features of nHLH patients.

Eur. J. Immunol. 2024;0:2451140

Patients Sex assigned Age Discharge diagnosis CD38high/HLA-DR*CD8*  INF/nINF
(28) at birth (months) (% of CD3TCD8™")?

P16 F 83 Primary EBV infection 57.0 INF
P17 M 20 Primary EBV infection 70.2 INF
P18 F 28 Primary EBV infection 84.0 INF
P19 F 100 Primary EBV infection 82.7 INF
P20 M 31 Primary EBV infection 60.0 INF
P21 M 13 Visceral leishmaniasis 29.0 INF
P22 F 44 Visceral leishmaniasis 23.9 INF
p23 F 10 Visceral leishmaniasis 14.0 INF
P24 F 70 HIV-AIDS 7.3 INF
P25 M 46 Sepsis (S. pyogenes) 18.9 INF
P26 M 5 Sepsis (H. influenzae) 2.0 INF
p27 M 27 Sepsis (N. meningitidis) 1.6 INF
P28 M 33 Kawasaki disease 1.5 nINF
P29 F 55 Kawasaki disease 5.5 nINF
P30 F 20 Kawasaki disease 12.0 nINF
P31 M 123 MIS-C 7.6 nINF
P32 M 39 MIS-C 38.0 nINF
P33 M 209 Systemic JIA 5.0 nINF
P34 M 30 Systemic JIA 3.6 nINF
P35 M 131 Systemic inflammatory syndrome 22.9 nINF
P36 M 161 Systemic inflammatory syndrome 25.7 nINF
P37 F 117 Systemic inflammatory syndrome 37 nINF
P38 F 149 Systemic inflammatory syndrome 1.0 nINF
P39 M 130 Systemic inflammatory syndrome 27.7 nINF
P40 F 46 B-cell acute lymphoblastic leukemia 5.3 nINF
P41 M 130 Diffuse large B-cell lymphoma 27.7 nINF
P42 M 174 Fever of unknown origin in XLP-2 3.1 nINF
P43 M 172 Fever of unknown origin in XLP-2 4.3 nINF

Abbreviations: AIDS, acquired immunodeficiency syndrome; EBV, Epstein-Barr virus; F, female; HIV, human immunodeficiency virus; INF, infection
group; JIA, juvenile idiopathic arthritis; M, male; MIS-C, multisystem inflammatory syndrome in children; nHLH, non-hemophagocytic lymphohis-
tiocytosis group; nINF, non-infection group; p, patient; XLP, X-linked lymphoproliferative syndrome.
® The values reported represent the greatest alteration observed during the hospitalization for HLH.

VL triggered full HLH in seven patients. CD38"¢" /HLA-DR*CD8™*
frequencies were elevated in both groups with similar percent-
age values in VL-HLH (median: 25.0%, IQR: 20.5-40.5, min—
max:15.6-77.7) and VL without HLH (median: 23.9%, IQR:
19.0-26.5, min—max: 14.0-29.0; Fig. 1C). EBV-primoinfection
was responsible for the highest CD38"¢"/HLA-DR*CD8" frequen-
cies recorded in all study group with similar values in EBV-
HLH patients (median: 87.0%, IQR: 86.0-88.0, min—max: 85.0—
89.0) and non-HLH EBV-primoinfection patients (median: 70.2%,
IQR: 60.0-82.7, min-max: 57.0- 84.0; Fig. 1C). In particular,
one patient with steroid-refractory EBV-HLH was treated first-line
with ruxolitinib and it was observed that, while CD38"s8h/HLA-
DR*CD8* frequencies were progressively increasing during par-
tial remission and successive relapse obtained with high dose
glucocorticoids, a progressive decrease was observed immedi-
ately after the introduction of JAK-inhibitor therapy that suc-
cessfully led to HLH remission (Fig. 1D) [13]. The patient
with influenza-driven HLH and predominant hepatic involve-
ment showed normal frequencies of CD38Msh/HLA-DR*CD8*

© 2024 The Author(s). European Journal of Immunology published by
Wiley-VCH GmbH

cells (Fig. 2). The febrile patient with HIV infection and profound
AIDS-related lymphopenia showed a slightly increased propor-
tion of CD38M8"/HLA-DR*CD8™ cells (7.3%). Two patients with
sepsis were confirmed to have normal percentages of CD38high/
HLA-DRTCDS8" cells while one showed increased proportions
(18.9%).

Utility and constraints of CD38"g"/HLA-DR*CD8"* as
an HLH/MAS marker

The lower values observed in sepsis and sJIA compared with
those of HLH/MAS further corroborate the utility of this marker
in discriminating between these conditions. On the one hand,
CD38Mgh /HLA-DR+CD8™ depletion was expected in sepsis, which
is characterized by a known suppression of the adaptive immune
system affecting the proliferative and effector functions of cyto-
toxic T cells in the context of a global lymphopenia [14]. On
the other hand, highly heterogeneous data obtained from patients

www.eji-journal.eu
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Figure 1. CD38"g"/HLA-DR*CD8* frequencies display pathogen-specific expansion. (A) Frequencies of CD38"g"/HLA-DR+CD8" (expressed as pet-
centages of the CD3*CD8" cells) in pediatric patients with HLH/MAS and conditions other than HLH (empty dots represent patients with an
identified infection) and (B) in the same patients’ sample regrouped based on the presence or absence of a specific infection (empty squares rep-
resent patients with HLH). Error bars represent the median with 95% confidence intervals. Differences between groups were assessed using the
Mann-Whitney test. (C) Frequencies of CD3g"&"/HLA-DR*CD8" in pediatric patients with EBV-HLH and EBV-primoinfection, VL-HLH and VL, sJIA
and MAS, malignancy-HLH and malignancy, and sepsis. (D) Temporal trends of CD38"g"/HLA-DR*CD8", HLH biomarkers, and plasma EBV load
in patient 8 during EBV-HLH. The red box highlights the divergence in serum ferritin and CD38"¢"/HLA-DR*CD8* frequency trends during par-
tial remission and successive relapse obtained with high-dose glucocorticoids. (E) ROC analysis of CD38"8"/HLA-DR*CD8*, comparing pediatric
patients with HLH-related (15 patients) and non-HLH-related (28 patients) persistent fever. AUC, area under the curve; CCS, corticosteroids; EBV,
Epstein-Barr virus; HLH, hemophagocytic lymphohistiocytosis group; INF, infection group; IVIG, intravenous immunoglobulins; MAS, macrophage
activation syndrome; nHLH, non-hemophagocytic lymphohistiocytosis group; nINF, noninfection group; ROC, receiver operating characteristic; sJIA,
systemic juvenile idiopathic arthritis; VL, visceral leishmaniasis.
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Figure 2. CD38M&"/HLA-DR*CD8" expand in specific infections regardless of HLH. CD38"€"/HLA-DR*CD8* cells, gated on CD3*CD8" T cells. Fig. 2A
depicts a patient with EBV-HLH with elevated CD38Mgh/HLA-DR*CD8*". Fig. 2B depicts a patient with influenza-HLH with normal CD38hsh/HLA-
DR*CD8*. EBV, Epstein-Barr virus; HLH, hemophagocytic lymphohistiocytosis.

with EBV, VL, influenza, and HIV suggest that the CD38high/HLA-
DR*CD8" increase may be pathogen-specific and not exclusively
related to infection or HLH/MAS. A cut-off of 10.50% (similar to
previously established cut-offs [7]) exhibited a sensitivity of 80%
and a specificity of 46%, with an area under the receiver operating
characteristic (ROC) curve of 0.6 (95% CI, 0.43-0.79; p = 0.24).
These findings proved a substantial limitation of this marker
in the identification of HLH/MAS in pediatric patients with an
HLH-like initial clinical presentation (Fig. 1E). This is dependent
on the expansion of CD38M8h/HLA-DR+*CD8" observed in EBV-
primoinfection and VL irrespective of the presence of HLH and the
lack of expansion observed in some HLH (e.g. influenza-induced
HLH).

Data limitations and perspectives

We acknowledge a significant limitation in this study due to the
absence of sIL-2R data which, however, reflects the limited avail-
ability of this test in the majority of clinical settings, casting this
experience in the real-life scenario of clinical practice. Despite
fulfilling HLH criteria and responding to HLH-related treatment,
we should take into consideration that those patients without
CD38heh /HLA-DR*CD8* expansion likely did not have elevated
sIL-2R and may have been improperly labeled as having HLH.
However, the CD38"¢"/HLA-DR*CD8* expansion in non-HLH
conditions remains patent and in agreement with recently pub-
lished data [9].

Relying on nonspecific T-activation markers alone, like
CD38"g"/HLA-DR*CD8™, in the absence of appropriate clinical
and laboratory context, may lead to mislabeling such conditions
as HLH, leading to misdiagnoses.

The HLH-2004 criteria, designed for familial HLH, may
overestimate HLH incidence when the underlying primary dis-
ease involves substantial splenomegaly, fever, and cytopenia, as
observed in VL, a notorious mimic of HLH. However, our results

© 2024 The Author(s). European Journal of Immunology published by
Wiley-VCH GmbH

were confirmed even when excluding all VL patients and it should
be highlighted how the confirmed expansion of CD38"8"/HLA-
DR"CD8* in VL [15] may enhance misdiagnosis, especially in
nonendemic regions resulting in inappropriate treatments and,
consequently, higher mortality rates.

Moreover, it should be noted that organ-limited HLH (e.g.
isolated-CNS, kidney, or liver) may present with T activation
that is restricted to the affected tissue and not show sIL-2R or
CD38Mgh/HLA-DR*CD8" modifications in the peripheral blood
[16, 17]. This could have been the case of patients 10 and 11
whose HLH manifestations were predominant in the liver and the
kidney respectively.

Conclusion

In conclusion, we showed the results of a first experience of
CD38"gh /HLA-DR*CD8™ application in a real-life clinical-practice
scenario confirming that CD38"8"/HLA-DRTCD8" frequencies,
while valuable to differentiate HLH/MAS from sepsis and sJIA,
do not emerge as an HLH-specific marker, as they seem to natu-
rally expand in other clinical situations that are common in child-
hood and may mimic the HLH initial presentation. It is generally
accepted that in a complex disease like HLH, no single parameter
is going to be highly sensitive and specific. So more than the quest
to identify a single absolute cut-off for CD38M&"/HLA-DR*CD8*
as an HLH-specific marker, it might be useful to interpret their
results in a broader context together with clinical course and other
supportive laboratory tests. This study also identifies a potential
role of CD38"8h/HLA-DR+CD8* reduction as an early marker of
therapeutic response in those HLH cases where found expanded.
We acknowledge that the conclusions of this study are prelimi-
nary due to the limited sample size, which is inherent to the rarity
of the disease in daily clinical practice. This issue becomes more
pronounced when attempting to form disease-specific subgroups.
Thus, larger patient cohorts are required to define the specific role
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of this lymphocyte population in the HLH diagnostic and thera-
peutic process.

Materials and methods

CD38"e"/HLA-DR*CD8" frequencies measured in pediatric
patients attended at Meyer Children’s Hospital IRCCS from Octo-
ber 1, 2021, to October 1, 2023, for suspicion of HLH/MAS
(i.e. persistent fever of unknown origin and 2 or more
other diagnostic criteria including splenomegaly, bilinear cytope-
nia, hyperferritinemia, hypertriglyceridemia, hypofibrinogene-
mia, hemophagocytosis) [4, 5] were retrospectively recorded.
Flow cytometric analyses were performed on peripheral fresh
blood samples collected during the hyper-acute clinical phase.
HLH patients were sampled when meeting HLH or MAS diagnos-
tic criteria [4, 5] and prior to any immunosuppressive treatment.
Blood samples were stained for surface markers with anti-CD3
PE (clone SK7), anti-CD8 PerCP-Cy5.5 (clone SK1), anti-HLA-DR
PE-Cy7 (clone 1L.243), and anti-CD38 FITC (clone HB-7; BD Bio-
science), and incubated for 15 min at room temperature. After
red blood cell lysis with BD Pharm Lyse Lysing Buffer samples
were acquired on BD FacsLyric (BD Biosciences) and analyzed
with BD FacsSuite software v1.5. Results are expressed as the
percentage of CD38"&"/HLA-DR* cells of the total CD3+CD8*
cells. CD38 expression was considered high, in agreement with
previous literature, in the case of high cytofluorometric fluores-
cence (Fig. 2). In the case of multiple measurements taken over
different time points and across several days during hospital-
ization and follow-up, only the highest frequency recorded was
included. An extensive infectious work-up was carried out. The
frequency of CD38M8"/HLA-DR+CD8™ cells was compared among
patients diagnosed with HLH/MAS and treated accordingly ver-
sus those diagnosed with febrile conditions mimicking HLH/MAS
initial presentation, not fulfilling the specific criteria (non-HLH),
and who then recovered without an HLH-specific treatment. An
additional comparison of CD38"&"/HLA-DR*CD8* cell frequen-
cies was performed between those diagnosed with an infection
vs those without identified infections (non-infection). Based on
previous literature data [7], CD38""/HLA-DR*CD8* cell fre-
quency was considered to expand above 10.15% and the test
was considered positive. Positivity rates were compared in the
patient groups identified (HLH vs. non-HLH and infection vs.
noninfection).

Data were expressed as median and interquartile ranges. Dif-
ferences between groups were assessed using Fisher’s exact test
for categorical variables and Mann-Whitney test or unpaired t-
test with Welch’s correction for continuous variables respectively
nonparametric or parametric. A ROC curve analysis was used
to evaluate previously defined cut-offs and eventually identify
an optimal value to distinguish HLH/MAS from other pediatric
febrile conditions virtually mimicking the initial clinical presenta-
tion of HLH. For original data, please contact the corresponding
author.

© 2024 The Author(s). European Journal of Immunology published by
Wiley-VCH GmbH
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