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Abstract

Epstein-Barr virus (EBV) is a member of the human herpes family and was discovered in cultured cells
of Burkitt lymphoma as the first human tumor virus. It has been found to be associated with numbers of
tumors, including Hodgkin lymphoma, nasopharyngeal carcinoma, and gastric carcinoma and so on. Besides
tumors, EBV also can cause infectious diseases. Infectious mononucleosis, chronic active EBV infection,
EBV associated hemophagocytic lymphohistiocytosis are three most common and important EBV associated
infectious diseases in children. Infectious mononucleosis is a self limited disease, but the other two diseases
are severe diseases with poor prognosis. This review mainly focuses on these three EBV associated
infectious diseases in children.

Keywords: Epstein-Barr virus, infectious mononucleosis, chronic active EBV infection, EBV-associated
hemophagocytic lymphohistiocytosis.

about 172kb. Over 95% of people are infected by

1. Introduction of Epstein-Barr virus this virus. In developed countries, there are two
peak ages, between 1 and 5 years of age and the

Epstein-Barr virus (EBV) is a gamma herpes second decade M. But a study in 1994 revealed
virus with a double-stranded DNA genome of that the seroprevalence of EBV in China rose
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rapidly from 1 to 6 years, reaching 80% by 6
years old, and nearly 100% by 10 years old!.
Study showed that the seroprevalence of EBV is
associated with the economic and sanitary status
in one country. With the economic and sanitary
conditions improved, EBV infection in early
childhood has become less common. For
example, the seroprevalence dropped from over
80% in 1990 to 59% from 1995 to 1999! among
children age between 5 and 9 years in Japan.

The EBV genome encodes nearly 100 viral
proteins ™. These proteins play lots of role in
replicating EBV DNA, regulating the expression
of EBV genes and human immune response and
so on. EBV can cause lytic and latent infection.
In lytic infection, EBV fist infect epithelial cells
and partly in plasma cells, and encodes lots of
viral proteins. In latent infection, EBV genome is
located in the nucleus of host lymphocytes, and
only 10 viral proteins are expressed, including
two types of non-translated RNA, six nuclear
protein and two membrane proteins, which can
make the virus escape the immune response .
But latent EBV can be reactivated again.

EBV usually can be transmitted by saliva,
rarely by sex. First, it can infect epithelial cells
and B cells. The majority of patients in infants
with primary infections are usually asymptomatic;
more than 50% of older children and young
adults can develop infectious mononucleosis
(IM). IM is a benign and self-limited disease. But
in some patients if the host-virus balance is
disturbed, these patients have high EBV-DNA
load in the peripheral blood and clonal expansion
of EBV infected T cells or natural killer (NK)
cells which can lead to chronic active Epstein-
Barr virus infection (CAEBV) and EBV-
associated hemophagocytic lymphohistiocytosis
(EBV-HLH).

2. Infectious mononucleosis

Primary EBV infection is usually
asymptomatic in most infants and children, but
can lead to infectious mononucleosis (IM) in
adolescents and adults. IM is a clinical syndrome
caused by primary EBV infection which manifest
with the triad of fever, lymphadenopathy and
pharyngitis, and also with other symptoms such

as splenomegaly, palatal petechiae,
hepatomegaly and so on. In the United States, the
peak age is between 15 and 24 years old . But
in China, the peak incidence occurred at age of 4
to 6 years . These differences may be related to
lifestyle, population density, and levels of
hygiene. There is no season or sex predilection.

In primary EBV infection, EBV first infect
epithelial cells of tonsillar or/and B lymphocytes,
and results in viral reproduction with high levels
of salivary shedding, which decrease over the
first year of infection but persist for life. The
typical manifestation of IM is due to the transient
proliferation of EBV-infected B  cells
accompanied by excessive response of EBV-
specific cytotoxic T cells (CTL) . The latter
cells can release lots of cytokines and impair the
function of the organs which may contribute to
the symptoms of IM. But on the other hand, these
cellular immune responses are helpful to control
EBYV infection.

The incubation period was about 30 to 50
days ™. IM is recognized as the typical clinical
syndrome of primary EBV infection, which
presents with the triad of fever, pharyngitis,
cervical adenopathy, and other various
manifestations such as hepatomegaly,
splenomegaly, rash, puffy eyelid. A study from
China reported that 75.6% of the patients with
EBV-IM presented with fever, lymphadenopathy,
and pharyngitis . And it also suggest that the
incidences of hepatomegaly, splenomegaly and
rash were higher in the infantile group than in the
older groups, but tonsillopharyngitis and liver
function impairments are more common in older
children. The differences of clinical manifestation
in different age groups may be correlated to the
degree of maturity of the immune system in
children. Williams also indicated that the
variability in clinical features of IM directly
related to the level of T cell activation, which, in
turn, related to the number of EBV-infected B
cells in the circulation [,

The appearance of atypical lymphocytes
(>10%) in peripheral blood is another feature of
IM. The sensitivity and specificity for the
diagnosis of IM in older children and young adult
respectively 75% and 92% [ but in younger
children the rate of atypical lymphocytosis
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(>10%) was lower, only 41.8-51.9% ©°. Primary
EBV infection also can induces the activity of a
heterogeneous group of circulating heterophile
(IgM) antibodies directed against viral antigens
that cross-react with antigens found on sheep and
horse red cells. The positive rate of heterophile
antibody has 85%sensitivity and 94% specificity
for the diagnosis of IM in young adult. But in
children of less than 12 years of age, the positive
rate is only 25 to 50% UM% The definitive
diagnosis of EBV infection can be made by
testing for specific IgM and 1gG antibodies
against viral capsid antigens (VCA), early
antigens (EA), and EBV nuclear antigen (NA)
proteins M. VCA-1gM appears early and exists
for 4 to 8 weeks. But in some children, VCA-IgM
appears delayed or never is detected ™. In later
time of acute infection, EA-IgG can be detected;
it can last for several months or years. NA-IgG
will be not detectable until six to eight weeks
after the onset of symptom. NA-IgG and VCA-
1gG will exist for all the human life. In recent
years, low avidity antibody of VCA-lIgG was
used to diagnose acute EBV infection, the
positive rate can reach to 90% in 10 days and 30
days later also can reach 50%. Combined with
negative NA-IgG and low avidity antibody of
VCA-IgG, the sensitivity and specificity for the
diagnosis IM can reach 100% 3. Higher EBV-
DNA load without serological results of
antibodies can not certify primary EBV infection,
but mornitoring EBV-DNA load may be useful
for assessing the severity of the disease. EBV-
DNA load of PBMC in patients with IM is
usually (10°~10% x 10° copies/ug” DNA, but in
patients with EBV-HLH, it can reach (10°~10°
x10° copies/pg' DNA which is higher than IM. So
it is necessary to pay more attention to the
patients of IM with higher EBV-DNA load,
because they may be more likely to progress to
EBV-HLH !4,

The clinical and laboratory characteristics of
IM in children may be varied with ages and
countries. The initial diagnostic criteria was put
forward by Hoagland in 19751 including the
presence of fever, pharyngitis, and adenopathy, at
least 50% lymphocytes and existing atypical
lymphocytes (>10%), and heterophile antibody.
The standard is suitable for IM patients in

Western countries because the peak age is
between 10 and 30 years old. But in China, the
peak age of IM is preschool and school-age
children, and the serum heterophile antibody
often is negative, atypical lymphocyte
proportion(>10%) in peripheral blood was lower
than Western countries, just only 41.8 to 51.9%.
So, according to our experimental and clinical
experience, the following diagnosis criteria for
Chinese patients were suggested™®: (1) presence
of at least three of the following clinical
manifestations: fever, tonsillopharyngitis,
cervical lymphadenopathy, hepatomegaly or
splenomegaly; (2) at least one of the following 4
laboratory findings: CA-1gM and CA-1gG positve
and NA-1gG negative; CA-IgM negative but CA-
IgG positve with low avidity; at least 10%
atypical lymphocytes; a positive heterophile
antibody test. If the children meet the above 2
items at the same time, they can be diagnosed
with IM. Of course, it need to be distinguished
from other diseases with similar symptoms to 1M,
such as cytomegalovirus, human
immunodeficiency  virus  (HIV),  human
Pl%rpesvirus 6 (HHV-6), or Toxoplasma infection

IM is a self-limited disease. The majority of
IM recovers without sequelae and return to
normal activities within 2 months after the onset
of symptoms, except a few cases with severe
complications ©!. A previous study on children in
the mainland of China revealed that the incidence
of complications can reach 80% 8. Pneumonia
was the most common complication, and others
such as thrombocytopenia,  neutropenia,
hematological system problems, spleeny rupture
and neurological complications were also been
seen. Grotto et al. ! showed parenchyma
damage and thrombocytopenia were more
common in older children.

The mainstay of treatment of IM is good
supportive care, including adequate liquid, resting
in bed, antifebrile drugs for fever and myalgias
and so on. Antiviral drugs have been
controversial for treating IM patients. At least
five randomized, controlled trials of acyclovir
treatment for IM have shown a transient
reduction in oropharyngeal viral shedding during
treatment, but did not significantly reduce
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peripheral-blood EBV levels or the duration or
severity of clinical symptoms ?%. Recent studies
21221 comparing valacyclovir with placebo in 20
young adults with IM showed a transient
decreasing of oropharynx EBV shedding during
therapy and a reduction in the number and
severity of reported symptoms in the valacyclovir
group, but no difference between these two
groups in the peripheral-blood EBV load. Larger
randomized, blinded, placebo-controlled trials are
necessary to verify these results. Candy et al. %!
indicated that corticosteroids may be helpful in
the management of more severe complications of
IM, such as upper-airway obstruction and
hemolytic anemia and so on. In China, Cao et al.
4 conducted a controlled trial of traditional
Chinese medicine treatment for IM have shown
reducing the length of stay.

3. CAEBV

In 1988, Straus ! first defined chronic
active EBV (CAEBV) infection which
characterized by chronic or recurrent IM like
symptoms persisting over a long time and by an
unusual pattern of anti-EBV antibodies. The
pathogenesis of CAEBV is unclear. Different
from IM, EBV infects T cells (non CD8+T cells)
or natural killer (NK) cells in patients with
CAEBV % T and NK cells do not express
molecule CD21 which is EBV receptor, so the
mechanism of EBV infection is not known.
Transfer of CD21 from B cells to NK cells
through immunological synapse may render the
latter cells accessible to EBV then induce the
clonal proliferation of EBV-infected T cells or
NK cells which were laden with EBV DNA "),
The mechanism why EBV induces proliferation
of T cells and NK cells is not known either. EBV-
induced expression of CD40 and its engagement
by CD40L may play a role in the survival of
EBV-infected T and NK cells of CAEBYV patients
and may explain the reason ®®. Then these
abnormal activating cells induce cytokine
releasing disorderingly, including interleukin
(IL)-1B, IL-10, and interferon (IFN)-y, etc, which
levels are much higher than those in patients with
IM and are comparable with those of EBV-
associated T cell granular lymphoproliferative

disease!®®). The high levels of cytokine may be
associated with disease progression in CAEBV.
Also, some study reported viral interleukin-10
(IL-10) can be detected that is a product of the
Epstein-Barr virus (EBV) replication gene
BCRF1 B%. its function is similar to the human
cytokine 1L-10 which could inhibit T cell
immunity and IFN-y production and promote the
proliferation of EBV-infected cells, then could
help EBV survive and spread in its host. But one
study demonstrated that the activated T cells and
NK cells of CAEBV were lack of cytotoxicity of
EBV specific killing activity. Katano et al. B!
found that patients with CAEBV have mutations
in the gene encoding perforin, which has a critical
role in granule-mediated Killing of target cells
that influence the killing function of T cells and
NK cells. At the same time, some studies % have
found that chromosome aberration exist in
peripheral blood cells of 50% patients with
CAEBV. Then karyotype analysis indicates that
patients with abnormal karyotype imply that the
diseases have a malignant nature.

CAEBYV is more frequently found in Asian
countries, such as China and Japan, and mainly
occurs in children and adolescents. The clinical
manifestations are diversity. IM-like symptoms
are the main symptoms of CAEBV . Other
clinical  manifestations  include  anemia,
thrombocytopenia, pancytopenia, diarrhea, and
uveitis, etc. Depending on which lymphocyte
subset is mainly infected by EBV, CAEBV were
classified into three clinical types 2%, T-cell, NK-
cell and B-cell types. T cell type of CAEBV is
mainly manifested as fever and high titers of
EBYV related antibody; the main mechanism is the
activation of T cell and cytokine releasing which
will lead to severe inflammation and fever. NK
cell type of CAEBV mainly characterized by
allergy to mosquito and corresponding skin
damage, increased numbers of large particles of
abnormal lymphocytosis and elevated IgE titer.
T-cell type is more common and have poor
prognosis than NK-cell type, but the abnormal
chromosome in NK cell type is more common
than T cell type. All of the two types are likely to
develop abnormal proliferation of T/NK cells
associated lymphatic disease, even can cause
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malignant lymphoma or NK cell leukemia. B-cell
type of CAEBYV is rare.

In 2005, Okano et al. B* proposed the
diagnostic guideline of CAEBV. All the patients
should satisfy the followings: (1) Persistent or
recurrent IM-like symptom; (2) Raised anti-
EBV-VCA and anti- EBV-EA antibodies, and/or
detecting the increased EBV genomes in
peripheral blood or other affected tissues; (3)
Chronic illness that cannot be explained by other
known disease. Peripheral blood EBV-DNA load
usually exceeds10%° copies/ug DNA. The amount
of viral DNA seems to be a prognostic marker for
CAEBV. Recently, a study from Japan [
supposed that EBV-encoded  microRNA
(miRNA) may be a potential biomarker of
CAEBV. MIRNA is a small non-coding RNA
that has 18-25 nucleotides. It plays a critical role
in the regulation of cell differentiation and
proliferation by regulating mRNA translation.
EBV is the first virus to encode miRNAs.
Kawano et al. reported that plasma levels of miR-
BART 2-5p, 1-5p, 5, and 22 are significantly
higher in patients with CAEBV than in patients
with IM and healthy controls. Plasma miR-BART
2-5p, 4, 7, 13, 15, and 22 levels were
significantly elevated in CAEBV patients with
active disease compared to those with inactive
disease. Similarly, plasma miR-BART 2-5p and
15 levels could clearly differentiate patients with
complete remission from others. So, miR-
BART2-5p, 13, and 15, are potentially
biomarkers of disease severity or prognosis.
Importantly, plasma EBV DNA level did not
show any significant correlation with these
clinical parameters. These results suggest that
EBV-encoded miRNA in plasma may be a useful
biomarker for the diagnosis and monitoring of
CAEBV.

Now, the patients of CAEBV are still lack of
standardized and effective treatment, even though
various therapies have been tried which including
antiviral, chemotherapeutic, and
immunomodulatory drugs ¥ *1. Conventional
antiviral therapy can decrease viral load of EBV,
but the effect is transient. Immunomodulatory
drugs, such as human immunoglobulin, had been
proved effective for EBV-HLH. When some
cases combined with HLH, chemotherapy drugs

such as etoposide (VP-16), hormone, and

cyclosporine can be used. In recent years,
infusion of autologous EBV specific CTL cells
has achieved success . This treatment can
awaken the immune response of specific EBV
cell in immunodeficient patients, and improve the
symptoms of patients with CAEBV. Savoldo et al.
[ reported that after infusion EBV specific CTL,
5 patients stopped fever and lymphadenectasis
returned to normal, serum EBV antibody levels
dropped, of which 4 cases were without
recurrence after follow-up for 36 months, only 1
case was recurrent after 1 year. But the effect in
severe CAEBV cases have also not be confirmed.
The above treatment induced sustained complete
remission in only exceptional cases and
haemopoietic stem cell transplant (HSCT) is at
present the only curative therapy for CAEBV 1%,
Jeffery et al. “Jconducted a retrospective
summary of the American patients with CAEBV
lasting for 28 years, among 8 patients received
the treatment of HSCT, 5 cases (63%) were long-
term survival and 3 cases were progression to
EBV associated lymphoma and died. In Japan
and New Zealand’s study [42], 41 cases among 57
cases with CAEBV treated by allo-HSCT
survived. Kawa et al. ! reported excellent
results of HSCT that the 3 years overall survival
rate was 95.0 + 4.9%. HSCT is thus the therapy
of choice for CAEBV, but it is still accompanied
by substantial risk and CAEBV patients have
high risk for transplantation-related
complications. Gotoh et al. ““ summarized 15
patients who received the treatment of HSCT,
and found that 7 cases were dead after
transplantation and 3 cases died of recurrence.

In addition, Iwata et al. ' investigated the
effect of bortezomib on EBV infected T-cell lines
including those derived from CAEBV and found
that bortezomib induced the expression of EBV
Iytic-cycle genes BZLF1 and gp350/220, as has
been reported for EBV infected B-cell lines and
also induced apoptosis specifically in EBV-
infected T or NK cells cultured ex vivo from
patients with EBV+T/NK-LPD. Iwata et al. “°
also examined the effect of valproic acid on
EBV-infected T and NK cell lines and found that
this agent also can induces apoptosis in human
EBV-infected T and NK cells.
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Overall, the prognosis of patients with
CAEBV is not good, especially with severe
complications. When the first symptom of
CAEBYV occurred, half of the patients will die in
5 years later because of severe complications
which including liver function failure, heart
failure, and various types of abnormal
proliferation of lymphatic diseases, opportunistic
infections and HLH. A study!® conducted by
Beijing Children's Hospital had reported that
26.2% patients with CAEBV died in 7 months to
3 years after onset. Deceased patients were more
likely to have had lower platelet counts and
albumin levels than the living patients. So
thrombocytopenia and decreases in albumin
might potentially be risk factors for a poor
prognosis.

4. EBV-HLH

Although primary EBV infection is rarely
fatal, fulminant infection may occur, such as
Epstein-Barr virus associated hemophagocytic
lymphohistiocytosis (EBV-HLH). EBV-HLH is
the most important types of secondary HLH and
manifest with prolonged fever,
hepatosplenomegaly, rash, and lymphadenopathy
and so on [ A nationwide survey
conducted in Japan showed that one HLH case in
800,000 persons can occurs and half of cases
were associated with EBV infection. EBV-HLH
can be caused by primary EBV infection or
reactivation of previous EBV infection, but the
latter is more common. Imashuku B% reported 94
cases with EBV-HLH and found that 66% of the
patients were previous EBV infection with
negative VCA-IgM. It is known that the disease
occurs commonly in children and adolescents
living in Asian countries. Epidemiological data of
Japan P% shows that there are 25 cases of EBV-
HLH each year in Japan. China's population is 10
times more than Japan, because Chinese and
Japanese belong to the yellow race, according to
conservative estimates of the same incidence, so
there may be at least 250 to 300 cases of EBV-
HLH in China every year.

EBV-HLH is more severe than other
secondary HLH and have poor prognosis. This
life-threatening condition is a type of immune

dysregulation characterized by an impaired or
absent function of natural killer (NK) cells and T
cells (mainly CD8+T cells), and the release of
proinflammatory cytokines which can cause
inj]ury of multiple organs and tissues®™*. Qin et al.
52 conducted a study to detect the expression of
NK cell surface receptors and CD107a in EBV-
HLH children in china. They found that the
expression of CD107a. CD107a/NKG2D of NK
cells in patients with EBV-HLH have no change
after stimulated by IL-2 which is not consistent
with healthy control group. In addition, genetic
defects in cellular cytotoxicity pathways and
aberrant regulation of inflammatory responses
have been identified in some infants and children
with EBV-HLH, including PRF1. SH2D1A.
UNC13D and STX11 etc . Recently, in order
to confirm whether patients presented with EBV-
HLH harbor the potential gene mutations of
familial hemophagocytic lymphohistiocytosis
(FHL) or X-linked lymphoproliferative syndrome
(XLP) in Chinese children, Huang et al. 4
investigated the PRF1, UNC13D, STX11,
SH2D1A, XIAP, and ITK gene mutations in 67
Chinese patients with EBV-HLH. They found
one-tenth of the patients with EBV-HLH have
genetic defects of primary HLH, including five
missense mutations in PRF1 (five patients), four
mutations in UNC13D (two patients) and one
mutation in XIAP (one patient). No gene
mutations of
PRF1/UNC13D/STX11/SH2D1A/XIAP/ITK
were found in the majority of Chinese child
patients with EBV-HLH. Most patients with
EBV-HLH have no known genetic defects of
FHL and XLP. If the patients with EBV-HLH
were confirmed to have related gene mutation,
they should be diagnosed as FHL or XLP.
EBV-HLH was observed in infants, children,
and adults, but 80% of the cases occurred in
children 1 to 14 years of age. Patients with HLH
have a wide clinical spectrum but typically
present with high fever, hepatosplenomegaly,
cytopenias, coagulation abnormalities, and tissue
evidence of hemophagocytosis. Coagulopathy,
pleural effusion, ascites and CNS disease can also
occur. EBV-DNA load in patients with EBV-
HLH is higher than patients with IM and it is
related to the severity of the disease. Currently,
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there are no diagnostic criteria of EBV-HLH.
Diagnosis of EBV-HLH includes two aspects,
one is meeting the diagnosis of HLH and the
other is having an evidence of EBV infection.
Diagnostic criteria for HLH disease were
expanded in 2004P%. Five of following eight
criteria are required to fulfill a clinical diagnosis
of HLH, including: 1. Fever; 2. Splenomegaly; 3.
Cytopenia (affecting >2 of 3 lineages in the
peripheral blood: Hemoglobin <90 g/L (in infants
<4 weeks: hemoglobin <100 g¢/L); Platelets
<100x10%/L; Neutrophils <1.0x10%L); 4. Hyper
Triglyceridemia (>3.0 mmol/L) or
Hypofibrinogenemia (£1.5g/); 5.
Hemophagocytosis in bone marrow or spleen or
lymph nodes and no evidence of malignancy; 6.
Low or absent NK cell activity (according to
local laboratory reference); 7. Serum ferritin level
>500pug/L; 8. Soluble CD25 (soluble IL-2
receptor) level at>2400U/ml. Diagnostic criteria
for EBV infection including the following one or
more: 1) primary EBV infection with VCA-IgM
(+) and (or) EBV-EA-IgG (+), EBV-NA-1gG(-);
if VCA-IgM(-) but with low avidity VCA-1gG; 2)
if VCA-IgG (+) and (or) EA-IgG (+) and NA-
IgG(+) indicate EBV reactivity; 3) Increased
plasma EBV-DNA load or EBV-encoded small
RNA (EBER) positive cells were detected in
involved tissues. Because of similar clinical
characteristics, EBV-HLH is difficult to
differentiate from FHL. In addition, some FHL
are triggered by EBV infection. Genetic detection
is helpful to differentiate EBV-HLH from FHL.
EBV-HLH is a relatively rare and life-
threatening disease in children. Even after
aggressive therapy, the overall fatality rate of
EBV-HLH is 56.7% ®.. The aim of therapy is to
control the cytokine storm generated by EBV
infection and to suppress clonally proliferating
EBV-genome-containing cells.  Conventional
antiviral therapy is usually not useful. Treatment
options include proapoptotic chemotherapy or
more targeted immunotherapy approach. Since
using the protocol of HLH-2004 in the clinical,
the prognosis of EBV-HLH had been more
greatly improved than before using HLH-1994
protocol. The protocol is divided into two stages:
initial treatment and consolidation treatment,
which drugs including etoposide, dexamethasone,

methotrexate and cyclosporine A, etc. The total
time of treatment was 40 weeks. Early
chemotherapy can reduce the mortality and
improve the prognosis. But, currently, the long-
term efficacy of HLH-2004 protocol for EBV-
HLH is not satisfactory. There is still a high rate
of recurrence. A study 7 reporting 17 patients
with EBV-HLH treated by HLH-2004 protocol, 5
cases occurred severe adverse reaction of central
nervous system and 4 cases twitched with
obvious abnormal performance on MRI and |
case was died of intracranial hemorrhage.
Hypertension and the function of liver and kidney
damaging, elevated CSA concentration over the
range of treatment concentration were the causes
of adverse reactions of central nervous system. In
addition, there were still other treatments for
EBV-HLH. Anti-thymocyte globulin (ATG) has
some therapeutic potential by virtue of its anti-
cytokine effect. Intravenous immunoglobulin
(IVIG) treatment as also been used but is now
believed to be of limited effect. If the patients
with FHL, XLP and chronic active EBV infection
of EBV-HLH, and refractory EBV-HLH, they
needs haemopoietic stem cell transplant (HSCT).
Use of HSCT with both matched related and
matched unrelated donors in the context of HLH-
94 improved 3-year survival to 55% for all cases
and 51% for confirmed familial cases 2.
Recently, in Japan, Ohga et al. B9
summarized the treatment of HSCT for 57 cases,
including FHL (43 cases) and EBV-HLH (14
cases), and found that the overall survival rates of
10 years of FHL and EBV-HLH were
65.0%+7.9% and 85.7% £9.4% respectively.
Umbilical cord blood transplantation was also an
effective method for treatment of HLH. These
studies showed that the survival rate was more
than 65%. Regarding the HSCT results, some
studies have found patients with refractory T cell-
proliferating EBV-HLH tend to have a better
outcome than refractory NK-cell proliferating
EBV-HLH patients. Despite the utility of HSCT
in treating refractory EBV-HLH cases, it should
be emphasized that even successfully engrafted
cases can succumb to transplant-related
complications. A study % of 26 patients received
HSCT, 19 patients are alive in complete
remission and the remaining 7 died consequent to
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transplant-related complications or progressive
CNS disease. Thus EBV-HLH recipients of
HSCT should be carefully monitored for the
development of various complications, especially
for post-transplant hemophagocytic syndrome.
EBV-HLH has a high rate of morbidity and
fatality, especially for the patients with
immunodeficiency. If not conducting HSCT, the
survival rate of 3 month was only 51% B8 To
improve the outcome of patients with EBV-HLH,
intensive supportive care during the initial
treatment that prevents the fatal complications of
this disease must be instituted. Previous study!®
have reported that younger age, neutropenia, PLT
< 20 x 10° /L, increased lactate dehydrogenase
(LDH) and ferritin, decreased fibrinogen and NK
cell activity were risk factors of death of patients
with EBV-HLH, so it is necessary for doctor to
monitoring these factors which may contribute to
reduce the fatality of EBV-HLH. In addition,

because part of the EBV-HLH having genetic
defect of PRFI, UNCi3D, SH2DIA etc, especially
the infants, EBV-HLH should be distinguished

from FHL.

5. Conclusion

IM is a benign and self-limited disease, but
CAEBV and EBV-HLH are severe EBV-
associated diseases with poor prognosis. The
comparison of these three EBV associated

infectious diseases shows

in table 1. The

pathogenesis of CAEBV and EBV-HLH is
unclear. Parts of CAEBV and EBV-HLH have
genetic mutation. More studies are needed to
focus on the pathogenesis of CAEBV and EBV-
HLH, and new therapy for CAEBV and EBV-
HLH is also needed to explore in the future.

Table 1 Comparison of the three EBV associated infectious diseases

IM

CAEBV

EBV-HLH

Epidemiology 500 in 100,000 persons

per year

EBV infects B cells and
then leads to the
proliferation of CTL
cells and NK cells

Pathogenesis

Etiology EBV infection

Diagnosis criteria Referred by Hoagland

Ry
Treatment Symptomatic and
supportive
Prognosis Benign and self-

limited, More than 95%
are good !

Rarely, but more in Asian
countries

Not well clear, Proliferation
of NK cells and/or T cells
infected by EBV(mainly
CD4+T cells)

EBV infection, Part with
genetic mutation

Referred by Okano M, et
al.?4

HSCT is the only curative
therapy

Poor, and fatality rate is
about 26.296*!

1 in 800,000 persons per
year 49!

Not well clear, Cytokine
storm induced by EBV
infecting NK cellsand T
cells (mainly CD8+T
cells)

EBV infection, Part with
genetic mutation

Referred by Henter J.1, et
al.l>®!

Chemotherapy and HSCT

Poor, and fatality rate is
over 50%
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