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ABSTRACT

Background: Epstein Barr Virus (EBV) is associated
with different kinds of tumors. In the present study
we tried to understand itsrole in pediatric MDS of a
4-year-old girl with EBV infection and MDS with
refractory anemia and monosomy 7. Procedures: The
work-up included: hematological tests, serology for
IgM, 1gG antibodies to EBV; PCR for EBV; cytoge-
netics of bone marrow (BM), and FISH analysis of
BM and blood; immunohistochemistry-LMP1 ex-
pression on BM smears. Results: Hematological fol-
low up showed constant mild dysplastic changes
mostly in the erythroid lineage. PCR for EBV showed
positive resultsin the nasopharygeal smearsaswell as
in blood 15 weeks after disease onset. Cytogenetic
analysis showed monosomy 7 in all the mitoses of BM
sample. Fluorescence in situ hybridization (FISH)
showed monosomy 7% in 57% of the cells, followed
by a decreased tendency in the percentage of mono-
somy 7 cells in both BM and blood. |mmunohisto-
chemistry for EBV-latent membrane protein 1
(LMP-1) on the patient’s BM smears, 21 weeks post
disease onset, showed 9% positive cells, 80% of them
carried monosomy 7. Conclusion: The parallel oc-
currence of the EBV infection and MDS, as well as
the continuous EBV PCR positive and monosomy 7,
support the possibility that they arerelated.
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1. INTRODUCTION

Myelodysplastic syndrome (MDS) represents a hetero-
geneous clonal hematopoetic stem cell disorder charac-
terized by ineffective hematopoiesis and increased risk of
transformation to MDS-related leukemia. MDS is un-
common in children and accounts for less than 5% of all
hematopoetic neoplasms [1].

Monosomy 7 is the most common chromosomal aber-
ration in MDS [2-6]. It implies a rather poor prognosis
that is associated with high risk of transformation to
acute leukemia [7]. The age distribution is 2 - 5 years
with male predominance of 70% - 80% [8]. There are
also reports on familial MDS with monosomy 7. Familial
monosomy 7 is defined when at least two siblings are
found to carry monosomy 7 associated with pre-leukemic
or leukemic manifestations [9].

Epstein Barr Virus (EBV) is one of the causative
agents of infectious mononucleosis and the first de-
scribed human tumor virus. EBV was discovered in
Burkitt’s lymphoma tumor cells, characterized by t(8,14),
t(2,8), and t(8,22) [10]. It has also been found to be asso-
ciated with post-transplant lymphoproliferative disorders
(PTLD) and with malignancies such as, Hodgkin’s lym-
phoma (HD) and nasopharyngeal carcinoma (NPC)
[11,12].

EBV’s latent membrane protein (LMP1) gene is con-
sidered the main viral oncogene driving cell growth,
promoting metastases, apoptotic resistance, and immune
modulation, including blockade of interferon alpha-in-
duced antiviral signaling [13].

Infection with EBV can produce symptoms closely
resembling those seen in patients with MDS. This raises
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a question regarding the diagnosis of malignant disease
in cases of MDS in children with EBV infection [14-16]
and the role of EBV in MDS pathogenesis: Does EBV
infection mimic childhood MDS? Does it trigger or en-
hance childhood MDS onset? Is EBV the etiology of
MDS or is MDS onset with EBV infection just coinci-
dental?

Here we present results that might support the possi-
bility that EBV plays a role in pediatric MDS of a 4-
year-old girl with monosomy 7.

2. CASE REPORT AND RESULTS

A 4-year-old girl was admitted to the pediatric depart-
ment with suspected anemia, after experiencing two epi-
sodes of fever about 3 weeks earlier. Upon admittance
she was weak and pale with a diagnosis of infectious
mononucleosis by the family doctor, although no tests
were undertaken. According to her mother’s anamnesis,
she had been suffering on and off from viral and bacte-
rial infections.

Hematology: Peripheral blood count showed a white
blood count (WBC) of 4400/ul with no blasts, Hb of 4.9
g/dl, and platelet count of 175,000/ul. The clinical im-
pression was of erythroblastopenia of childhood, proba-
bly related to viral infection. Serial transfusions of
packed cells elevated the Hb to 6.4 g/dl. Peripheral blood
count was followed and transfusions of packed cells
were given due to the anemia.

Serology: The work-up revealed positive antibodies to
cytomegalovirus (CMV) IgM and IgG, with high avidity.
Antibodies to EBV (viral capsid antigen) VCA IgG and
IgM were positive; however, IgG antibodies to EBV nu-
clear antigen (EBNA) were negative. These results indi-
cate that the patient was suffering from an acute primary
EBV infection with possible CMV reactivation. EBV
acute infection was further confirmed by EBV-positive
PCR results of the pharyngeal smear.

Cytogenetics: Cytogenetic analysis of bone marrow
(BM) was performed according to standard methods. BM
cells were cultured for 24 hours using methotrexate for
synchronization. About 15 metaphases were analyzed
using G-band staining. Karyotypes were assigned ac-
cording to the International System for Human Cytoge-
netic Nomenclature (ISCN 2009) guidelines [17].

FISH analysis was performed according to the manu-
facturer’s instructions using an LSI D7S522 (7q31) spec-
trum orange/CEP spectrum green (VYSIS) probe. More
than 500 cells were analyzed.

Virology tests: IgM and IgG antibodies to EBV VCA
and EBNA, and to CMV, as well as avidity were tested
using Liaision Technologies, according to the manufac-
turer’s instructions (Liaison Technologies, Perugia, It-
aly).

Viral load for EBV DNA was tested as described by
Niesters et al. [18].

Copyright © 2013 SciRes.

Immunohistochemistry: LMP1 expression on BM
smears were examined using the Ivew DAB detection kit
(Ventana Medical Systems, Inc., Tucson, AZ) using
monoclonal mouse anti-Epstein Barr Virus, LMP clones
CS 1-4 (DakoCytomation, Denmark), and FISH analysis
using the LSI D7S522 (7q31) spectrum orange/CEP
spectrum green (VYSIS) probe. More than 800 cells
were examined.

Figure 1 depicts the antibody responses to IgM, IgG
against EBV’s viral capsid antigen (VCA), and EBV’s
nuclear antigen (EBNA) at time intervals from 2 weeks
to 6 months after onset of the disease. It shows a
three-fold increase in the level (antibody titer) of VCA’s
IgG antibodies at 6 weeks after disease onset, while the
humeral immune response to EBNA, a classic pattern of
EBV acute infection, increases about 6 months after dis-
ease onset. The IgM response to VCA gradually declined
over three months.

Although no EBV DNA could be detected in the first
blood sample, which was taken 3 weeks post-disease
onset, EBV DNA was present when tested in a naso-
pharyngeal smear 12 weeks after disease onset as well as
in blood samples. EBV viral load at 15, 29, and 42 weeks
post-illness onset were >25, 100, and 100 copies/ml,
respectively.

2.1. Hematologic Tests

At admission complete blood count showed mild leuko-
penia (4400/ul) and neutropenia (900/ul), severe anemia
(5.0 g/dl), normal RBC indices, elevated RDW, and
normal PLT count. CBC tests performed during the
one-year follow up demonstrated mostly leukocyte
counts of 4300 - 5600/ul (normal low level of 5000/ul)
and neutropenia of 770 - 1440/ul (normal low level of
1500/pul). During the first 6 months of treatment the pa-
tient received a total of 7 units of packed red blood cells.
Following the transfusion of every unit, the Hb level was
raised to 10.0 - 11.0 g/dl; however, rapidly falling after-
wards (Figure 2). After this period the Hb level gradu-
ally and constantly increased without need for additional
blood transfusions. PLT count remained normal during
ing the one-year follow up period. The first two samples
demonstrated mild monocytosis with few immature cells,
possibly a result of a reactive process. However, a con-
stant finding during the whole year was mild dysplastic
changes, mostly in the erythroid lineage, which included
the presence of macronormoblasts, and few bi-nucleated
normoblasts or cells with nuclear budding/karyorrhexis.
In the megakaryocytic lineage, hypolobularity and/or
separate nuclear lobes were detected. Peripheral blood
smears examined in parallel with BM aspirates demon-
strated mild to moderate anisocytosis with or without the
presence of single normoblasts.
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Figure 1. Antibody responses to EBV during the time course of the infection.
IgM (diamonds) and IgG (squares) antibodies to VCA, as well as antibodies to
EBNA (triangle, EBNA-G) were tested in the patient’s sera starting two weeks
after initial symptoms. The cut-off values were: VCA-M > 40, positive;
VCA-G/EBNA-G > 20, positive. Black arrows represent EBV-DNA positive
samples, taken from the larynx.
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Figure 2. Blood count anemia parameters. Hemoglobin (HB), Hematocrit (HCT), and red blood cell count (RBC) during 40 weeks
post-disease onset. Transfusion of packed cells has been given to the patient noted by the arrows. Normal values: Hemoglobin (HB):
11.5 - 13.5 g/dl, Hematocrit (HCT): 34% - 40%, Red blood cells (RBC): 4.2 - 5.4 x 10°. Arrows: transfusion of packed cells.
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Figure 2 shows the results of the absolute neutrophilic
count (ANC) and Hemoglobin (Hb) during the 55 weeks
post-disease onset. Transfusions of packed cells given to
the patient are noted by arrows. No significant abnor-
malities were found in all other hematology parameters.

2.2. Cytogenetic Results

Table 1 summarizes the cytogenetic and FISH results for
monosomy 7 in the bone marrow and blood samples.
Cytogenetic analysis of the first bone marrow sample
revealed monosomy 7 as a sole aberration in all the ana-
lyzed dividing cells; FISH analysis revealed that only
57% of the cells carry monosomy 7. FISH analysis of the
peripheral blood sample showed cells carry monosomy 7
with reduction in the percentage of these cells in the
blood in most samples.

Table 1. Monosomy (mo) 7 in blood and bone marrow (BM)
samples by cytogenetics and FISH analysis. In parentheses is
the number of monosomy 7 cells out of the number of the total
analysed cells.

Weeks p.d.o. Sample  Cytogenetics-% mo-7 FISH-% mo-7
4 BM 100% (15/15) 57%
7 BM 70% (9/13) 36%
11 BM 50% (8/16) 26%
21 BM 70% (7/10) 18%
29 BM 80% (12/15) 30%
35 BM 26% (4/11) 19%
41 BM 75%(11/15) 30%
43 BM 75%(9/12) 34%
55 BM 75%(11/15) 34%

Control BM 0% 3%
6 blood nd 34%
9 blood nd 24%
13 blood nd 34%
15 blood nd 22%
17 blood nd 20%
19 blood nd 32%
22 blood nd 15%
26 blood nd 20%
29 blood nd 30%
31 blood nd 17%
35 blood nd 12%
41 blood nd 25%
48 blood nd 20%
57 blood nd 18%
60 blood nd 20%

p.d.o.: post disease onset.

Copyright © 2013 SciRes.

There was a decline in the percentage of cells carrying
monosomy 7 during the months following disease onset
(intervals of 2 - 4 weeks). The percentage of cells carry-
ing monosomy 7 reached a steady level of 20% to 30%
(#5%) in blood samples 3 to 13 months after disease
onset. In general, FISH analyses showed decreased levels
of monosomy 7 percentage compared to the cytogenetic
results of the same BM samples.

2.3. Immunohistochemical Analysis

Immunohistochemical staining for LMP1 revealed about
9% LMP1 positive cells in BM smears, at 4, 7, 11, and
21 weeks post disease onset. Control normal BM smears
showed 3% LMP1 positive cells. Since LMP1 antibodies
showed non-EBV-specific staining in young myeloid
cells, it was impossible to indicate whether LMP1 was
expressed in the stained cells. FISH analysis of the
LMP1 stained smears for monosomy 7 showed an in-
creasing percentage of cells carrying monosomy 7 (from
40% to 80%) in the stained cells (Figure 3). The LMP1
positive cells showed a neutrophil morphology.

3. DISCUSSION

We described here a 4-year-old girl suffering from si-
multaneous acute EBV infection and refractory anemia
MDS with chromosome 7 monosomy. The main question
arising is whether the MDS is caused by the EBV infec-
tion, as either a direct modulator or an indirect modulator
(cofactor), or whether this is a case of coincidence in
which the two diseases occurred independently at the
same time.

Infectious agents, particularly viruses, are known to play
an important role in human cancer development. Recent
estimates have shown that 17.8% of cancer cases are
attributable to infectious agents, and of these 12.1% are
caused by viral infections [19].

Epstein Barr Virus (EBV) is one of the causative
agents of infectious mononucleosis and the first de-
scribed human tumor virus found to be associated with
Burkitt’s lymphoma tumor characterized by t(8,14), t(2,8)
and t(8,2) [10], Hodgkin’s lymphoma, nasopharyngeal
carcinoma, post-transplant lymphoproliferative disorders
(PTLD), and more [11,12,20].

Apparently, viral gene products play an active role in
the pathogenesis of these diseases, [12] disrupting the
balance of antiviral immunity leading to the development
of EBV-associated disease [11].

The latent membrane protein (LMP1) gene of EBV is
considered the main viral oncogene driving cell growth,
promoting metastases, apoptotic resistance, and immune
modulation including blocking interferon alpha-induced
antiviral signaling [13]. In most EBV-associated tumors
including PTLD, HD, and NPC, LMP1 protein is rela-
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Figure 3. Immunohistochemistry using
LMP1 antibodies and FISH analysis for
chromosome 7 of the BM smears. (A)
LMP1 positive and negative cells in a BM
smear (400x); (B) LMP1 negative cell with
two chromosome 7 signals; (C) Positive
and negative cells with one signal of chro-
mosome 7 (LSI D7S522 (7q31) spectrum
orange/CEP spectrum green (VYSIS) probe)
(1000x).

tively highly expressed [13,21-23]. Moreover, in immuno
compromised patients abundant LMP1 expression can be
observed in tonsillar B cells prior to onset of lymphopro-
liferative disease [24].

Myelodysplastic syndromes (MDS) are characterized
by ineffective hematopoiesis and a high propensity to
transform to acute myeloid leukemia (AML). These are
common hematological diseases in the elderly but are
rarely observed in children [25]. The etiology and mo-
lecular pathogenesis of MDS are still poorly understood
[26]. Both gene mutations and cytogenetic changes play
important roles in the pathogenesis of this disease. The
main genetic diagnosis of MDS so far is by karyotyping
[27]; monosomy 7 is one of the common chromosomal
abnormalities in MDS. The outcome of monosomy 7

Copyright © 2013 SciRes.

MDS in children is often rather poor [28] and the treat-
ment in such cases is BM transplantation.

Cytogenetic, histologic, and virologic analyses of the
present patient were consistent with MDS, a subtype
refractory anemia associated with EBV infection.

Two patterns of monosomy 7 MDS in children are de-
scribed in the literature. One is the sporadic monosomy 7
MDS characterized by a striking sex difference, with
males affected 3 - 10 times more than females [4,29];
median age at disease onset is relatively young (3 years).
The second is the familial monosomy 7 MDS with no
sex preference and with later onset of the disease at a
median age of 10 - 14 years [9,28,30]. The inheritance
mode of both MDS patterns is thought to be poly-
genic-mulifactorial.

The described patient is most probably a sporadic
MDS case, as there was no evidence for familial
monosomy 7 MDS. The patient’s age is close to the me-
dian age for sporadic MDS. However, the patient is a
female in contrast to the male prevalence in sporadic
MDS. In polygenic multifactorial inheritance this
strengthens the possibility of prominent genetic in-
volvement. The patient’s high susceptibility to bacterial
and viral infections may also strengthen the possibility of
a genetic predisposion for leukemia disorder develop-
ment.

The virology results showed a high titer of VCA IgM
and IgG at 2 weeks after EBV infection symptoms onset
(on hospital admittance) followed by an increase of
EBNA IgG titer together with EBV DNA positive naso-
pharingeal smear, as well as in blood samples, further
strengthening the diagnosis of EBV acute infection. The
presence of <25 - 100 copies/ml of EBV in blood sam-
ples during the 55 weeks post-infection, may reflect the
latent stage of the EBV in the patient.

Although CMV IgM and IgG were positive in the pa-
tient’s blood, the high avidity points strongly towards
reactivation response. Also, CMV is known to be less
tumorogenic compared to EBV.

The patient received supportive care of transfusions of
packed cells during the 24 weeks post-disease onset with
no antileukemic therapy (Figure 2). The patient is a can-
didate for BM transplantation.

Cytogenetic and FISH analyses follow-up of mono-
somy 7 percentage in bone marrow and peipheral blood
samples showed, in general, a decrease in the percentage
of cells carrying monosomy 7 during the 13 months after
disease onset. This is an original observation.

Table 1 shows a discrepancy between the cytogenetics
and FISH analysis regarding monosomy 7 percentage.
While in cytogenetics monosomy 7 was the sole aberra-
tion in all the cells, FISH analysis revealed only 57%
monosomy 7. This most probably indicates a higher rate
of cell division (examined by cytogenetics) in the ab-
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normal cells compared with the normal cells. We found a
similar discrepancy when other FISH probes were used
(7q13, 5933, and centromere 8—personal experience,
unpublished data). These results are in agreement with
those of Harrison et al., [31] showing that in some cases
there is preference for the cell carrying the chromosomal
abnormality to divide, compared to normal cells.

Immunohistochemistry of the BM smears using anti-
bodies against EBV LMP1 antigen showed 9% LMP1
positive cells in all examined samples. FISH analysis of
the LMP1 stained smears for monosomy 7 showed an
increase in the percentage of the LMPI positive cells
carrying monosomy 7. We could not differentiate be-
tween the specific and non-specific EBV LMP1 staining
since the LMP1 antibodies used in this study cross-react
with young myeloid cells [32]. Nevertheless, according
to their morphology, LMP1 positive cells were neutron-
phils. The significance of the increasing LMP1 positive
cell percentage carrying monosomy 7 is unclear.

As far as we know there are no reports on pediatric
MDS caused by EBV infection. However, there are some
reports that point to the possibility that EBV plays an
important role in MDS or leukemia development. Ma-
honey et al. [33] described persistent EBV infection co-
inciding with the evolution of myelodysplasia in a
5-year-old child. Manabe et al. [34] showed an associa-
tion between reactivation of EBV infection and juvenile
myelomonocytic leukemia (JMML) in 4 patients; Stoll-
man et al. [35] described a child with persistent EBV
infection and a t(3,5)-positive myeloproliferative disease
resembling JMML.

Moreover, in patients with chronic active EBV infec-
tion, which can evolve to virus-associated hemophago-
cytic syndrome [36], the peripheral blood T cells and
natural killer cells showed monoclonal integration of the
EBV genome [37], a hallmark of natural killer cell-as-
sociated leukemia/lymphoma. Recently, Borze et al. [38]
showed that EBV miRNA ebv-miR-BART13 was upre-
gulated in 19 cases of MDS. All the above reports sup-
port the possibility that EBV plays an important role in
MDS development.

4. CONCLUSION

The simultanous occurrence of both diseases is convinc-
ing that they are related. Our results suggest that EBV
can be either the cause of the MDS development or a
crucial co-factor in its development. It is also possible
that a pre-existing subclinical MDS became apparent at
time of a primary EBV-infection due to additional mye-
losuppression or was promoted by virus-induced immu-
nomodulation. The possibility that EBV or other viruses
contribute to MDS pathogenesis by stimulating a pre-
existing clone or pre-existing genetic predisposition to
develop myeloproliferative disorders warrants further

Copyright © 2013 SciRes.

investigation.
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