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Abstract

Hydroa vacciniforme lymphoproliferative disorder (HV-LPD) and severe mosquito bite al-
lergy (SMBA) are both cutaneous forms of Epstein-Barr virus (EBV)-associated T/natural
killer (NK) cell LPDs and are closely related to chronic active EBV disease (CAEBV) and
EBV-associated hemophagocytic lymphohistiocytosis (EBV-HLH). HV-LPD is further di-
vided into classic HV, a benign subtype mediated by EBV-positive y3T cells, and systemic
HV, another life-threatening subtype mainly associated with EBV-positive ofT or y8T
cells. The vast majority of patients with SMBA have increased numbers of EBV-infected
NK cells in the blood. Clinical symptoms of HV-LPD and SMBA often overlap in the same
patient and may progress to more serious disease conditions equivalent to the systemic
form of CAEBYV. To define the disease spectrum of HV-LPD and SMBA, we propose the
diagnostic criteria and the determination criteria for disease severity. The proposed diag-
nostic criteria are consistent with those for CAEBV and EBV-HLH in the guidelines for the
management for CAEBV and related disorders 2023.

KEYWORDS
diagnostic criteria, disease spectrum, Epstein-Barr virus, hydroa vacciniforme lymphoproliferative
disorder, severe mosquito bite allergy
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1 | INTRODUCTION

Hydroa vacciniforme lymphoproliferative disorder (HV-LPD) and
severe mosquito bite allergy (SMBA) represent two cutaneous vari-
ants of Epstein-Barr virus (EBV)-positive T/natural killer (NK) cell
LPDs. Given that both diseases occasionally overlap and progress
to the serious condition comparable with chronic active EBV disease
(CAEBV), they have also been classified into the cutaneous form of
CAEBV.!

Before the terms HV-LPD and SMBA were introduced, various
diagnostic names had been used in previous studies.>™* Furthermore,
both diseases still have no consensus diagnostic criteria that can
distinguish them clearly from CAEBV. In 2018, a consensus meet-
ing on the disease spectrum and terminology for HV-LPD was held
in Madison, USA.® Thereafter, the 5th edition of the World Health
Organization (WHO) classification adopted the newly proposed
nomenclatures and defined the spectrum of HV-LPD, SMBA and
“systemic” CAEBV separately.® The term systemic CAEBV (ICD-O
coding: 9725/1) is synonymous with the term CAEBV used in this
report.

In line with the consensus terminology and definition,®” the
Ministry of Health, Labour and Welfare (MHLW) research team for
CAEBV and related disorders in Japan redefined the disease spec-
trum of HV-LPD and SMBA, and proposed the diagnostic criteria and
the determination criteria for disease severity. A full set of guidelines
for the management of CAEBV, HV-LPD, SMBA, and EBV-associated
hemophagocytic lymphohistiocytosis (EBV-HLH) has been published
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elsewhere.? In this report, we summarize the diagnostic criteria and
the disease severity determination criteria for HV-LPD and SMBA.

2 | MATERIALS AND METHODS

For the diagnostic and determination criteria for disease severity, we
conducted a literature review on etiologically related disorders, in-
cluding HV-LPD, SMBA, CAEBYV, HLH, and EBV-related lymphoma/
leukemia. Through expert meetings, the disease spectrum and no-
menclature were revised to be consistent with those adopted in the
5th edition of the WHO classification® and the newly launched ter-

minologies and definitions for CAEBV and related diseases.”

3 | HV-LPD: DISEASE SPECTRUM AND
DIAGNOSTIC CRITERIA

Hydroa vacciniforme (HV) was first described by EH Bazin in 1862
as a benign photosensitivity dermatosis of childhood, characterized
by herpetic vesicles on sun-exposed areas.” In 1999, EBV-positive T
cells were detected in skin lesions with classic HV,*® and then EBV-
positive y3T cells were found to be increased in the patient's blood
(Figure 1).27°13 The term “classic” HV is used in this report to repre-
sent the certain type of HV-LPD mentioned above.

On the contrary, life-threatening cases with severe HV-like

eruptions and systemic symptoms such as fever and liver damage

/ Hydroa vacciniforme lymphoproliferative disorder (HV-LPD)

Systemic hydroa vacciniforme (sHV)

Classic hydroa vacciniforme (cHV)

\

Severe mosquito bite allergy (SMBA) \

May overlap

EBV+ y3T cell-type >>

EBV+ offT and y&T cell-type
(A few NK cell-type)

EBV+ NK cell-type
(A few T cell-type)

» Photosensitivity dermatosis
of childhood

» Favorable prognosis with
spontaneous regression

YV V V V

» May progress to sHV, SMBA
or CAEBV in approx. 10%

Mainly occur in Eastern Asia and Latin America
May occur in young adults and the elderly as well.
Poor prognosis in many cases

May progress to CAEBV, and be complicated
with EBV-HLH or EBV+ leukemia/lymphoma

FIGURE 1 Disease spectrum of hydroa vacciniforme lymphoproliferative disorder and severe mosquito bite allergy. CAEBV, chronic
active Epstein-Barr virus disease; cHYV, classic hydroa vacciniforme; EBV, Epstein-Barr virus; EBV-HLH, EBV-associated hemophagocytic
lymphohistiocytosis; HV-LPD, hydroa vacciniforme lymphoproliferative disorder; LGL, large granular lymphocyte; sHV, systemic hydroa
vacciniforme; SMBA, severe mosquito bite allergy.
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have been reported in Eastern Asia and Central America under dif-
ferent names: recurrent necrotic papulovesicles of the face, severe
or systemic HV, and HV-like Iymphoma.2'3’14’15 Many of those pa-
tients have an increased number of EBV-positive affT or y3T cells in
the peripheral blood, and may overlap with SMBA or have a history
of SMBA associated with an increased number of EBV-positive NK
cells. Those patients often progress to severe disease conditions
such as CAEBV and fatal EBV-related lymphomas.

Based on the similarity of cutaneous manifestations, the term
hydroa vacciniforme-like LPD has long been used to encompass clas-
sic HV and severe forms.2>!¢ In the 5th edition of the WHO clas-
sification,® the term hydroa vacciniforme LPD (HV-LPD) has been
adopted instead because EBV infection can be confirmed to be pres-
ent in all HV lesions, including the classic form.1012

HV-LPD is classified into classic HV (or classic HV-LPD), a
major subtype occurring among Caucasians, and systemic HV
(or systemic HV-LPD), which is mainly encountered in Asians and

TABLE 1 Diagnostic criteria for HV-LPD

Hispanics (Table 1).¢ Classic HV is a self-limiting skin disease
without systemic symptoms or extracutaneous organ involve-
ment, whereas systemic HV may exhibit severe cutaneous man-
ifestations and systemic symptoms, and extracutaneous organ
involvement which often leads to an unfavorable outcome.?®72°
From therapeutic and prognostic points of view, classic HV must
be clearly distinguished from the systemic HV, although approxi-
mately 10% of patients with an initial diagnosis of classic HV may

progress to the systemic type.ls’21

4 | HV-LPD: DISEASE SEVERITY AND
DIAGNOSTIC ALGORITHM

Disease severity is categorized into mild, moderate, and severe forms
according to clinical subtypes that are closely related to prognosis,
the presence of systemic complications, and disease complications

I. Classic hydroa vacciniforme

(1) Herpetic vesicles and papules/crusts on sun-exposed areas including face, auricles, and dorsal surfaces of the hands.
(2) EBV-infected cells or the virus-gene products can be detected in the skin lesions.

(3) The number of EBV-positive T cells is increased in peripheral blood.

(4) The level of EBV DNA load in the blood is high.

(5) The following diseases are excluded: other known skin diseases, CAEBV, and SMBA.

The definite case fulfills all of (1)-(5).
The probable case fulfills (1) and has at least one of (2) and (3).
The possible case fulfills (1) and (4).

Il. Systemic hydroa vacciniforme
In addition to (1)-(4):

(6) Swollen edematous face and lips, transient fever, liver damage, and lymphadenopathy are present.
(7) The following diseases are excluded: other known skin diseases and EBV-associated lymphoma/leukemia.

The definite case fulfills all of (1)-(7).

The probable case fulfills (1) and (6), and has at least one of (2) and (3)*.

The possible case fulfills (1), (4), and (6).

*NK-cell-dominant cases can be included in systemic hydroa vacciniforme.

Supplementary explanation

Classic hydroa vacciniforme

(1) In addition to herpetic vesicles, cHV may be accompanied with conjunctival hyperemia and aphthous stomatitis of the lips and gingiva.
(2) Detection of EBER-positive cells in the skin biopsy samples is a standard method, but when biopsy is difficult, the blister roof or crusts can be

used instead for EBER detection by RT-PCR (at a research level).

(3) cHV usually occurs in childhood, associated with an increased number of EBV-infected y3T cells (>5% of all lymphocytes). sHV may occur even
in young and old adults as well as in children, and include either EBV-infected afT-cell-dominant or y8T-cell-dominant type. Flow cytometry-
fluorescent in-situ hybridization or immunomagnetic bead-aided quantitative PCR is performed at a research level to confirm EBV infection in

the T-cell fraction.

(4) The standardized value of elevated EBV DNA load in whole blood is >1 x 10E4 U/mL.

(5) The following diseases should be excluded: herpes simplex, varicella-zoster virus infection, Kaposi's varicelliform eruption, porphyria,
polymorphic light eruption, impetigo contagiosum, acne, and lymphomatoid papulosis. The overlapping of CAEBV should be considered
according to the diagnostic algorithm if patients have the following symptoms: infectious mononucleosis-like symptoms for >3 months,

persistent fever, and organ involvement (see the CAEBV algorithm).

Systemic HV

(6) Swelling of the face, eyelids, and lips can occur in ENKTL-NT and aggressive NK-cell leukemia, but both diseases usually lack herpetic vesicles.
(7) HV-LPD, especially sHV, may overlap SMBA associated with systemic symptoms, thereby is often included in the category of cutaneous
CAEBV. The cutaneous form, however, is not the same as CAEBV defined in the present diagnostic criteria. HV-LPD may progress to

ENKTL-NT and aggressive NK-cell leukemia.

Abbreviations: CAEBV, chronic active Epstein-Barr virus disease; cHV, classic hydroa vacciniforme; EBER, EBV-encoded small nuclear RNA; EBV,
Epstein-Barr virus; ENKTL-NT, extranodal NK/T-cell lymphoma, nasal type; HV-LPD, hydroa vacciniforme lymphoproliferative disorder; NK, natural
killer; RT-PCR, reverse transcription PCR; sHV, systemic hydroa vacciniforme; SMBA, severe mosquito bite allergy.

85UB01 7 SUOWIWOD SAIIERID 3[dedl|dde ayy Aq peusenob afe e YO ‘s Jo SNl 1oy Ariq1T Ul UO A8]IA UO (SUONIPUOD-PUE-SWLB) W00 A8 1M AReq)1Bul [UO//:SdNL) SUOIPUOD pue WS 1 841 88S *[£202/2T/50] Uo ARigiTauljuo AB|Im elferieueiydod Ad Zy89T 8ET8-9VET/TTTT OT/I0p/W0d A8 im Aleiq1jpul|uo//sdny wouy pepeojumod ‘. ‘€202 ‘8ET8IVET



HIRAI ET AL.

TABLE 2 Determination criteria for the disease severity of
HV-LPD

Mild No systemic symptoms* or organ involvement,
except for the characteristic mucocutaneous
lesions

Moderate Characteristic mucocutaneous lesions associated

with edema of the face, eyelids, or lips
Characteristic mucocutaneous lesions associated
with transient systemic symptoms*

Overlapping with SMBA

Fulfilled diagnostic criteria for CAEBV

Complicated with EBV-HLH or progression to EBV-
related T/NK lymphoma/leukemia

Severe

Abbreviations: CAEBV, chronic active Epstein-Barr virus disease;

EBV, Epstein-Barr virus; EBV-HLH, EBV-associated hemophagocytic
lymphohistiocytosis; HV-LPD, hydroa vacciniforme lymphoproliferative
disorder; SMBA, severe mosquito bite allergy; T/NK, T cell or natural
killer cell.

*Systemic symptoms include fever >37.5°C, liver damage, and
lymphadenopathy, excluding specific organ involvement. The disease
severity is classified into mild (exclusively classic hydroa vacciniforme),
moderate or severe disease by the most severe item.

@ THE JOURNAL OF e201
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and progression (Table 2). The mild category exclusively includes
classic HV, and the severe category includes life-threatening disease
conditions comparable with CAEBV and EBV-positive T/NK lym-
phoma or leukemia.

CAEBV is a progressive, life-threatening disease that fulfills the
following four major diagnostic criteria: (1) infectious mononucleosis-
like symptoms persisting more than 3months, (2) increased EBV
DNA levels in the blood or tissues, (3) the presence of EBV-infected
T/NK cells, and (4) the exclusion of known diseases. Unlike CAEBYV,
patients with systemic HV have neither sustained organ involve-
ment, except for the typical skin lesions on examination, nor infec-
tious mononucleosis-like symptoms persisting for >3 months, one of
the major diagnostic criteria for CAEBV. A recent study, however,
showed that some patients with CAEBV, HV-LPD, and SMBA share
similar somatic mutations such as DDX3X, as also observed in other
EBV-associated T/NK-cell lymphomas, and that the cases carrying a
driver mutation showed a significantly poor prognosis,22 Therefore,
patients with severe HV-LPD are closely related to CAEBYV, and need

careful follow-up and management for CAEBV (Figure 2).681718

Eruptions suggestive of HV-LPD

A 4

Detection of EBV genome in skin lesion or blood

v

EBER-positive cells in the skin lesion
or elevated EBV DNA load in blood

Yes No

v

Persistent systemic symptoms
(infectious mononucleosis-like symptoms)
or organ involvement

Consider diseases
other than HV-LPD

v

Yes No

4

Conside

r CAEBV

HV-LPD
(classic or systemic HV)

FIGURE 2 Diagnostic algorithm for
hydroa vacciniforme lymphoproliferative
disorder. CAEBYV, chronic active Epstein-
Barr virus disease; EBER, EBV-encoded

7Yy

(optional) Determination of
EBV-infected cells
and perform clonality analysis

v

small nuclear RNA; EBV, Epstein-Barr
virus; HV-LPD, hydroa vacciniforme
lymphoproliferative disorder; SMBA,

Persistent systemic symptoms
or organ involvement
overlapping with SMBA

Avoid sun exposure
topical corticosteroid
antihistamines

severe mosquito bite allergy.
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5 | SMBA: DISEASE SPECTRUM AND
DIAGNOSTIC CRITERIA

SMBA is characterized by a swollen erythematous skin reaction fol-
lowed by deep ulcers on the sites of mosquito or insect bites and
even vaccine injection (Figure 1). Previously, SMBA was termed

TABLE 3 Diagnostic criteria for SMBA

(1) Skin redness, swelling, and ulcers occur in the sites of mosquito
bites and vaccine injection accompanied with fever, followed
by scar formation, but patients are asymptomatic without such
provocative factors.

(2) EBV-infected cells or virus-gene products can be detected in the
skin lesions.

(3) The level of EBV DNA load is elevated in the blood.

(4) The number of LGLs or EBV-infected NK cells is increased in the
peripheral blood.

(5) Skin reactions caused by a known allergic mechanism or
underlying diseases are excluded.

The definite case fulfills all of (1)-(5).

The probable case fulfills (1) and has at least one of (2) and (4).

The possible case fulfills (1) and (3).

Supplementary explanation

(1) SMBA is mostly induced by mosquito bites, but it can also be
caused by other insect bites and vaccine injection. Patients
may present with transient systemic symptoms including fever,
lymphadenopathy, and liver dysfunctions. Scar formation
resulting from previous episodes of SMBA can be present.

(2) Detection of EBER-positive cells using skin biopsy samples is
a standard method, but when biopsy is difficult, EBER can be
detected in the crusts and lesional skin tissue by RT-PCR at a
research level.

(3) The standardized value of elevated EBV DNA load in whole
blood is >1 x 10E4 1U/mL.

(4) Flow cytometric analysis reveals that most patients with SMBA
have an increased total number of NK cells (230% of the total
lymphocytes). Flow cytometry-fluorescent in-situ hybridization
or immunomagnetic bead-aided quantitative PCR is performed
at a research level to confirm EBV infection in the NK cell
fraction. Some patients may have an EBV-infected T-cell-
dominant type of SMBA.

(5) Diseases to be excluded: blisters, redness, swelling, and
generalized rash related to common insect bite allergy, and
pathergy reactions associated with neutrophilic dermatoses
including Behget's disease, Sweet disease, and pyoderma
gangrenosum.

The overlapping of CAEBV should be considered in line with the
diagnostic algorithm if patients have the following symptoms:
infectious mononucleosis-like symptoms for >3months,
persistent fever, and organ involvement (see the CAEBV
algorithm).

SMBA may overlap HV-LPD associated with systemic symptoms,
thereby being included in the category of cutaneous CAEBV.
The cutaneous form, however, is not the same as CAEBV defined
in the present diagnostic criteria.

SMBA may progress to ENKTL-NT, and aggressive NK-cell leukemia.

Abbreviations: CAEBV, chronic active Epstein-Barr virus disease;
EBER, EBV-encoded small nuclear RNA; EBV, Epstein-Barr virus;
ENKTL-NT, extranodal NK/T-cell ymphoma, nasal type; HV-LPD,
hydroa vacciniforme lymphoproliferative disorder; LGL, large granular
lymphocyte; NK, natural killer; NK/T, natural killer cell, or T cell; RT-
PCR, reverse transcription PCR; SMBA, severe mosquito bite allergy.

hypersensitivity to mosquito bites.*?%2% Presumably, mosquito bites
induce an initial inflammation, which provokes the secondary severe
cutaneous reactions due to the infiltration of activated EBV-positive
NK cells.?® The number of EBV-infected NK cells showing a cell type
of large granular lymphocytes (LGL) is usually increased (>30% of
lymphocytes) in the peripheral blood.?*?* Even though the skin re-
action is severe, an allergic reaction to mosquito bites without the
involvement of EBV-positive NK/T cells should be excluded from
SMBA's diagnostic criteria (Table 3).

6 | SMBA: DISEASE SEVERITY AND
DIAGNOSTIC ALGORITHM

Patients with definite SMBA who have been in remission for more
than 1year, with or without residual hematological abnormalities,
are classified as mild SMBA (Table 4). Patients who have ongoing
or recurrent SMBA with transient systemic symptoms, without ex-
tracutaneous organ involvement, are classified as moderate SMBA.
The severe form of SMBA is defined if the patients overlap with
HV-LPD, and/or at least one of life-threatening disease conditions
such as CAEBV, HLH and EBV-positive T/NK lymphoma, or leukemia
(Figure 3).8

7 | PROGNOSTIC INDICATORS AND
MANAGEMENT

Patients with HV-LPD and SMBA can be classified into four clini-
cal subtypes: classic HV, systemic HV, SMBA, and HV-LPD over-
lapping with SMBA (Figure 1). These clinical subtypes are closely
related to the dominant EBV-positive lymphocyte subset in the
peripheral blood: classic HV associated with EBV-positive y8T cells

TABLE 4 Determination criteria for the disease severity of
SMBA

Mild Definite case of SMBA showing clinical improvement
without extracutaneous organ involvement for
over 1year

Moderate Recurrent SMBA associated with transient systemic

symptoms®*, but no persistent extracutaneous
organ involvement

Severe Overlapping with HV-LPD
Fulfilled diagnostic criteria for CAEBV
Complicated with EBV-HLH or progression to EBV-
related T/NK lymphoma/leukemia

Abbreviations: CAEBV, chronic active Epstein-Barr virus disease;

EBV, Epstein-Barr virus; EBV-HLH, EBV-associated hemophagocytic
lymphohistiocytosis; HV-LPD, hydroa vacciniforme lymphoproliferative
disorder; SMBA, severe mosquito bite allergy; T/NK, T cell, or natural
killer cell.

*Systemic symptoms include fever >37.5°C, liver damage, and
lymphadenopathy, excluding specific organ involvement. The disease
severity is classified into mild (exclusively a stable disease of SMBA),
moderate or severe disease by the most severe item.
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FIGURE 3 Diagnostic algorithm for
severe mosquito bite allergy. CAEBYV,
chronic active Epstein-Barr virus disease;
EBER, EBV-encoded small nuclear

RNA; EBV, Epstein-Barr virus; HV-LPD,
hydroa vacciniforme lymphoproliferative
disorder; SMBA, severe mosquito bite
allergy.
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Eruptions suggestive of SMBA

4

Detection of EBV genome in skin lesion or blood

A 4

EBER-positive cells in the skin lesion
or elevated EBV DNA load in blood

Yes No

v

Persistent systemic symptoms
(infectious mononucleosis-like symptoms)
or organ involvement

Consider diseases
other than SMBA

Yes No

v

Consider CAEBV SMBA

7Y

(optional) Determination of
EBV-infected cells
and perform clonality analysis

v

Persistent systemic symptoms
or organ involvement
overlapping with HV-LPD

Topical corticosteroid
antihistamines
systemic corticosteroid

7Y

(>5% of lymphocytes), systemic HV with either EBV-positive y8T-
or apT-cell-dominant type, and the vast majority of SMBA with an
increased number of EBV-infected NK cells (>30% of lymphocytes).
The prognosis is favorable in patients with classic HV and y8T-cell-
dominant systemic HV in childhood, but poor in patients with other
subtypes such as afT-cell-dominant systemic HV and SMBA (mortal-
ity rate 11.5 vs 3.51 in 100 person-years).21 Since the definition of
the dominant EBV-positive lymphocyte subset differs in each clinical
subtype, the prognosis might not be related to the property of the
EBV-positive cell subset, but rather the net tumor burden of EBV-
positive lymphocyte subsets and acquired epigenetic alterations or
somatic gene mutations.

Other prognostic indicators include an onset age over 9years
(over 8years in Okuno et al.??), the mRNA expression of BZLF1, a

reactivation marker,??%

and the presence of a somatic driver mu-
tation such as DDX3X.%? These prognostic indicators, however, are
excluded from the present criteria because the onset age is not de-
termined clearly by medical interview alone, and the detection of
molecular and genetic markers has not widely been used in a clinical

setting.

The elevated EBV DNA load (>1x 10E41U/mL) in the whole pe-
ripheral blood sample is useful for a diagnosis of HV-LPD and SMBA,
but not applicable as a prognostic indicator. However, extremely
high levels of EBV DNA load in the plasma are found to be related to
hemophagocytic syndrome complications.?®

In the present diagnostic criteria, classic HV can be sepa-
rated from systemic HV and classified into the mild form of HV-
LPD in the disease severity determination criteria because of its
favorable prognosis.'®'??! Since approximately 10% of classic

HV patients may progress to a severe form,*?

careful follow-up
is necessary. Most patients with SMBA progress to more serious
conditions, but stable disease or spontaneous remission could
occur in some cases. To identify the self-limited cases of SMBA
by a follow-up study using annual registry data, we have included
a category of the mild form in the disease severity determination
criteria (Table 4).

At present, systemic HV and SMBA still have no standard ther-
apy, although some therapeutic attempts have been made with or
without benefits; these therapies include cytotoxic chemotherapy,27
interferon-a,%® photoprotection,?’ and thalidomide.*° For patients
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with CAEBYV, therapeutic regimens are currently under clinical
trial,®*=3% but there is no effective drug and hematopoietic stem
cell transplantation is the only curative treatment.34%° According to
the present diagnostic criteria, systemic HV and/or SMBA with sus-
tained systemic symptoms, extracutaneous organ involvement, or
overlapping with other clinical subtypes are all categorized into the
severe forms, equivalent to the spectrum of CAEBV. The patients
with severe disease should be followed up in line with the guidelines
for the management of CAEBV.2
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Consensus diagnostic criteria are important to perform the patient's
registry, statistical analysis, and therapeutic effect evaluation. We
hope that the present diagnostic criteria can contribute to these
purposes.
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