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Abstract. Rapid progress in molecular technologies has enabled the detection of several oncogenic viruses in
various types of tumors. The pathogenesis of Hodgkin’s disease is suggested to have a strong association with Epstein-
Barr virus (EBV). However, Hodgkin’s disease related to EBV shows a wide geographic variation in epidemiology.
These variations among different populations suggest an interaction of environmental factors and a direct role of EBV
infection. Therefore, we performed a comparative study on epidemiologic, histologic, and virologic features of Hodg-
kin’s disease among those in the western part of Kenya and in Nagasaki, Japan. The age distribution of Hodgkin’s
disease showed a distinct peak in the 0–9-year-old age group in Kenya, and a higher and lower peak in the 60–69-
and 30–39-year-old age groups, respectively, in Japan. The most common subtype of Hodgkin’s disease in both
countries was mixed cellularity, followed by nodular sclerosis, lymphocyte depletion, and lymphocyte predominance.
Mixed cellularity showed a significantly high prevalence among Kenyan children nine years of age or younger. Using
the in situ hybridization method, EBV-encoded RNA (EBER-1) was detected in 79% of the Kenyan cases and 59%
of the Japanese cases, with the mixed cellularity subtype showing a strong correlation with EBER-1. There was 100%
positivity in both countries in those less than nine years old. These results suggest that EBV plays a more direct role
in the pathogenesis of Hodgkin’s diseases in Kenya, especially in cases among young children and also in Japanese
children. Environmental and/or genetic factors may have a role, in addition to EBV, in the pathogenesis of Hodgkin’s
disease, especially in Nagasaki, Japan.

Epstein-Barr virus (EBV) infection is known to play an
important role in oncogenesis of several neoplasias, in par-
ticular, African endemic Burkitt’s lymphoma and Chinese
nasopharyngeal carcinoma in southeast Asia.1,2 Many reports
also show that other diseases, such as Hodgkin’s disease,3–23

gastric cancer,24–26 and esophageal cancer, have some rela-
tionship with EBV infections. Hodgkin’s disease is a malig-
nant lymphoproliferative disorder with characteristic features
regarding epidemiology and histopathology. In industrialized
countries, this disease shows a bimodal age distribution with
peaks in young adults and in the elderly, with a predomi-
nance of nodular sclerosis.6–8,10,15,21,27 However, in developing
countries, such as tropical Africa, central and south America,
Hodgkin’s disease is seen more frequently in children, with
a predominance of mixed cellularity and lymphocyte deple-
tion subtypes.3,28,29

The EBV genome has been detected in patients with
Hodgkin’s disease by the polymerase chain reaction (PCR),
Southern blot analysis, and in situ hybridization methods,
and the rates of EBV detection vary depending on the geo-
graphic location under study or on the research methods
used.4 The EBV positivity rate in patients with Hodgkin’s
disease is reported to be much higher in developing coun-
tries, such as Peru,5 Honduras,21 and Kenya,6,23 than in in-
dustrialized countries, such as the United States and the Eu-
ropean countries.4,6–8

We have performed studies to compare the differences of
epidemiologic and histologic patterns of Hodgkin’s disease
and to investigate the presence of EBV in tissues of patients
with this disease from the western part of Kenya and Na-
gasaki, Japan. We have chosen these areas for the following
reasons. 1) The western part of Kenya, especially the basin
area along Lake Victoria, is a highly predominant area of
EBV-associated African endemic Burkitt’s lymphoma.30,31 2)
There are few reports of Hodgkin’s disease from sub-Sahar-
an African countries, especially those correlating this disease

and EBV.6,23,29 3) Hodgkin’s disease is a relatively uncom-
mon disease among the malignant lymphomas in Japan. 4)
There are few reports of Hodgkin’s disease in association
with EBV in Asian countries.9–11

MATERIALS AND METHODS

We studied all consecutive 48 biopsy materials of cases
of Hodgkin’s disease among the specimens that were sub-
mitted for pathologic diagnosis from various hospitals in the
western part of Kenya (Western, Nyanza, and Rift Valley
provinces: 1985–1995) to the Department of Histopathology,
Rift Valley Provincial General Hospital and the 49 cases of
Hodgkin’s disease recorded at the Cancer Registry of Na-
gasaki prefecture (1979–1991). This was a retrospective
study and specimens used were archival specimens. This
study was authorized by the Government of Kenya (research
permit no. OP.13/001/8C224/36) and was reviewed and ap-
proved by the Committee of Cancer Registry of Nagasaki
Prefecture. In cases where more than one biopsy was taken
from a patient, only the first sample was used. We divided
the cases into three age groups: children (0–14 years old),
young adults (15–44 years old), and adults ($ 45 years old).
The data on the age of 19 cases from Kenya were not avail-
able.

Histologic evaluation. Specimens were fixed in 10% for-
malin saline solution, embedded in paraffin, sectioned, and
stained with hematoxylin and eosin, periodic acid–Schiff,
silver impregnation, and Mallory’s stain. Hodgkin’s disease
was diagnosed based on results with these histologic stains
along with immunohistochemical staining using monoclonal
antibodies CD15 and CD30. According to the Rye classifi-
cation,32 all cases were classified into four histologic sub-
types (lymphocyte predominance, mixed cellularity, nodular
sclerosis, and lymphocyte depletion) by three pathologists
(MK, KT, and HI).
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FIGURE 1. Age (years) distribution of Epstein-Barr virus-encoded RNA positivity of Hodgkin’s disease in Kenya.

In situ hybridization. This method, which uses a digox-
igenin-labeled EBV-encoded RNA (EBER-1) 30-base oli-
gonucleotide probe24–26 (kindly provided by Dr. M. Tokuna-
ga, Kagoshima City Hospital, Kagoshima, Japan), was per-
formed on specimens from 48 cases from Kenya and 46
cases from Nagasaki. Briefly, 5-mm sections of formalin-
fixed, paraffin-embedded tissue were mounted on aminopro-
pyl-triethoxy silane (APS)–coated slides, deparaffinized, re-
hydrated, predigested with pronase (protease, lot 45H00841;
Sigma, St. Louis, MO), and hybridized overnight at 378C
with 0.5 mg of digoxigenin-labeled probe. After washing
with 0.53 SSC (0.075 M NaCl, 0.0075 M sodium citrate),
hybridization was detected by an antidigoxigenin antibody-
alkaline phosphatase conjugate (code 1093 274 150; Boeh-
ringer Mannheim, Mannheim, Germany), then counter-
stained with methyl green. Lymph node sections from a pa-
tient with infectious mononucleosis were used as a positive
control and a sense probe for EBER-1 was used as a negative
control for each procedure.

Immunohistochemistry. Immunohistochemical staining
was performed on 48 cases from Kenya and 46 cases from
Nagasaki. The following monoclonal antibodies were used:
CD15 (C3D-1, lot 124; Dako, Glostrup, Denmark), CD30
(Ber-H2, lot 044; Dako), and EBV-encoded latent membrane
protein (LMP-1) (CS1-4, lot 013; Dako).8,17,19–21,33,34 All sec-
tions were cut at a thickness of 5 mm and mounted on APS-
coated slides. After dewaxing with xylene and rehydrating
with alcohol, slides were placed in 0.01 M citrate buffer
solution and pretreatment procedures to unmask the antigens
were performed in a microwave oven for 10 min. Containers
were cooled at room temperature for 20 min. Endogenous
peroxidase activity was blocked with 3% hydrogen peroxide.
The sections were then washed in phosphate-buffered saline
(PBS) and processed for immunohistochemistry with a la-
beled streptavidin biotin-based method (LSAB kit, lot 075-
4; Dako). After incubation with a second blocking reagent
for 5 min, primary antibody was applied and incubated at

48C overnight. Sections were washed three times in PBS (5
min/wash) and the secondary antibody was applied for 10
min. After the sections were rinsed three times in PBS (5
min/wash), streptavidin-peroxidase reagent was applied and
incubated for 10 min. The sections were washed three times
in PBS (5 min/wash) and reactions were developed with di-
aminobenzidine–activated with hydrogen peroxide. Sections
were then washed with water, counterstained with hematox-
ylin, dehydrated, and mounted. Sections from a patient with
infectious mononucleosis were used as a positive control and
sections from a patients with reactive lymphadenitis were
used as a negative control.

Statistical analysis. A statistical comparison was per-
formed for EBER-1 positivity rates between the cases in
Kenya and those in Nagasaki using the chi-square test. A P
value of 0.05 was chosen as the significance level.

RESULTS

Age and sex. The mean age of the patients from Kenya
was 21 years (range 5 4–65) and that of the patients from
Nagasaki was 52 years (range 5 6–86). Hodgkin’s disease
showed a bimodal age distribution in both countries, with
the first distinct peak in the 0–9-year-old age group and a
second lower peak in the 50–59-year-old age group in Ke-
nya, and a higher peak in the 60–69-year-old age group and
a lower peak in the 30–39-year-old age group in Nagasaki
(Figures 1 and 2). The male to female ratio was almost 2:1
in both countries.

Histologic classification. The most common histologic
subtype in both countries was mixed cellularity, followed by
nodular sclerosis, lymphocyte depletion, and lymphocyte
predominance (Tables 1 and 2). However, among the sub-
types, the prevalence of mixed cellularity was significantly
higher among Kenyan children nine years of age or younger.
In both countries, the mean age of patients with nodular
sclerosis was lower than that of any subtype of Hodgkin’s
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FIGURE 2. Age (years) distribution of Epstein-Barr virus-encoded RNA positivity of Hodgkin’s disease in Nagasaki, Japan.

TABLE 2
Histologic classification of Hodgkin’s disease patients in Nagasaki

Histologic
type*

Sex

Male Female

Total

No. %
Mean age

(years)

LP
MC
NS
LD

3
16
8
4

4
4
7
3

7
20
15
7

14.3
40.8
30.6
14.3

55.4
48.7
44.1
76.1

* For definitions of abbreviations, see Table 1.

TABLE 1
Histologic classification of Hodgkin’s disease patients in Kenya

Histologic
type*

Sex

Male Female

Total

No. %
Mean age

(years)

LP
MC
NS
LD

2
23
4
4

1
10

3
1

3
33

7
5

6.2
68.8
14.6
10.4

19.5
22.3
12.0
30.0

* LP 5 lymphocyte predominance; MC 5 mixed cellularity; NS 5 nodular sclerosis; LD
5 lymphocyte depletion.

disease. Nodular sclerosis was evenly distributed between
the sexes, which differed from the other subtypes.

Epstein-Barr virus–encoded RNA. The EBER-1 positiv-
ity rates in Hodgkin’s disease tissue determined by in situ
hybridization were 79% in Kenya and 59% in Nagasaki (Fig-
ure 3A). The rate in Kenya was significantly higher than that
in Nagasaki (P , 0.05). In children nine years of age or
younger, the positivity rate was 100% in both countries, and
in Kenya, 89% of the subjects , 15 years of age were
EBER-1 positive (Tables 3 and 4). Compared with the young
adult group, children (0–14 years old) and adults ($ 45 years
old) showed higher rates of EBER-1 positivity in both coun-
tries, and Hodgkin’s disease in these two groups was more
likely to be associated with EBV infection. With regard to
histologic subtypes, there was a strong correlation between
EBER-1 positivity and mixed cellularity (85% in Kenya and
67% in Nagasaki) and lymphocyte depletion (80% in Kenya
and 71% in Nagasaki); however, the nodular sclerosis sub-
group had a lower correlation with EBV infection (57% in
Kenya and 36% in Nagasaki). A small number of cases of
Hodgkin’s disease had EBV genomes in small lymphocytes.

Latent membrane protein-1. This protein was expressed
in 85% of the cases from Kenya and 61% of the cases from
Nagasaki (Figure 3B). One case in Kenya was EBER-1 pos-
itive and LMP-1 negative and four were EBER-1 negative
and LMP-1 positive. In Nagasaki, three cases were EBER-

1 positive and LMP-1 negative, and four were EBER-1 neg-
ative and LMP-1 positive.

DISCUSSION

Kenya is located in the lymphoma belt along the low lat-
itudinal zone of the African continent.31 The western part of
Kenya shows an especially high frequency of EBV-related
endemic Burkitt’s lymphoma.30 In our study, Hodgkin’s dis-
ease in Kenya demonstrated the typical age distribution seen
in other developing countries; a distinct peak in childhood,
with a predominance of the mixed cellularity subtype, and
the lower peak in adult groups.6,28,29 The series of patients
with Hodgkin’s disease from Nagasaki showed a higher peak
in the adult group and a lower peak in the young adult group,
which was relatively similar to data from other industrialized
countries.10,14,15,27

The expression rate of the EBV genome in Hodgkin and
Reed-Sternberg (RS) cells of tissues from patients with
Hodgkin’s disease ranges from 26% to 100%, depending on
geographic location or the method that researchers used,
such as PCR and in situ hybridization methods or Southern
blot analysis.3–12,16,18–23 Relatively higher positive rates have
been reported from Central and South America and Africa,
examples of which are 100% in Honduras,21 94% in Peru,5

72% in Algeria,7 and 92% in Kenya.6 Lower rates (26–48%)
have been reported from the United States and European
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FIGURE 3. A, Epstein-Barr virus-encoded RNA in situ hybridization showing strong signals in nuclei of Reed-Sternberg (RS) cells and
their variants (in situ hybridization with methyl green, magnification 3 400). B, immunohistochemical staining of latent membrane protein-1
(LMP-1) showing strong staining in the membrane and cytoplasm of RS cells and their variants (LMP-1 immunohistochemical staining,
magnification 3 400).

countries4,6–8,12 and intermediate rates (64–76%) from Asian
countries.9–11 Among the several methods that detect EBV,
the PCR is more sensitive than the others. However, one
disadvantage of the PCR is that false-positive results can
easily be obtained when the case harbors the virus in non-
neoplastic lymphoid cells. One advantage of in situ hybrid-
ization is that it definitively localizes virus RNA in the neo-
plastic cells morphologically.3,4,7,10–13,17 Therefore, we used in
situ hybridization in our study to detect the EBV genome in

tissues from patients with Hodgkin’s disease. Strong signals
were revealed in the nuclei of RS cells and their variants in
79% of the cases from Kenya and in 59% from Nagasaki.

As in many previous reports,3,5–9,11–14,18,20,22,23 our results
showed a strong association between EBV and the mixed
cellularity and lymphocyte depletion histologic subtypes. In
the mixed cellularity subtype, EBER-1 positivity was 85%
in Kenya and 67% in Nagasaki, while that for the lympho-
cyte depletion subtype was 80% in Kenya and 71% in Na-
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TABLE 3
Epstein-Barr virus (EBV)–encoded RNA positivity of Hodgkin’s disease patients in Kenya

Group† No. of cases

Histologic subtype*

LP MC NS LD EBV1 (%)

Children
(,15)
(#9)

Young adults
(15–44)

18
12

8

1/1
0/0

0/1

12/13
9/9

3/3

2/3
2/2

0/2

1/1
1/1

1/2

16/18 (89)
12/12 (100)

4/8 (50)
Adults

($45)
EBV1 (%)
EBV1 (%)‡

6 0/0
1/2 (50)
2/3 (67)

4/5
19/21 (90)
28/33 (85)

0/0
2/5 (40)
4/7 (57)

1/1
3/4 (75)
4/5 (80)

5/6 (83)
25/32 (78)
38/48 (79)

* For definitions of abbreviations, see Table 1.
† Age group values are in years.
‡ Includes age unknown group.

TABLE 4
Epstein-Barr virus (EBV)–encoded RNA positivity of Hodgkin’s disease patients in Nagasaki

Group† No of cases

Histologic subtype*

LP MC NS LD EBV1 (%)

Children
(,15)
(#9)

Young adult
(15–44)

Adult
($45)

EBV1 (%)

4
2

13

28

0/0
0/0

2/2

2/4
4/6 (67)

3/3
2/2

3/4

6/11
12/18 (67)

1/1
0/0

1/7

3/6
5/14 (36)

0/0
0/0

0/0

5/7
5/7 (71)

4/4 (100)
2/2 (100)

6/13 (46)

16/28 (57)
27/46 (59)‡

* For definitions of abbreviations, see Table 1.
† Age group values are in years.
‡ Includes one age unknown case.

gasaki. On the other hand, of the four subtypes, nodular
sclerosis had the lowest rate of EBER-1 positivity: 57% in
Kenya and 36% in Nagasaki.

Interestingly, our results showed higher EBER-1 positivity
in children in both Kenya (89%) and Nagasaki (100%) com-
pared with the other groups. Strikingly, EBER-1 positivity
was 100% in those nine years of age and less in both coun-
tries. This phenomenon has already been reported by several
investigators, and our results support these findings.18–23 The
adult group ($ 45 years old) had the second highest rate of
EBER-1 positivity, with young adult groups having the low-
est rate in both countries.10,13,14 In our study, certain histo-
logic subtypes seemed to be predominant in specific age
groups that showed EBER-1 positivity. Children and adults
showed a predominance of mixed cellularity, while young
adults showed a predominance of nodular sclerosis. Mixed
cellularity had a strong association with EBV, while nodular
sclerosis had the lowest correlation with EBV. This result is
similar to those of many previous reports;3,8,10,13,14,20–22 how-
ever, Leoncini and others noted a high expression of EBER-
1/2 in Kenyan cases with nodular sclerosis.6 Since these in-
vestigators used the REAL classification of Hodgkin’s dis-
ease subtyping,35 further study is needed to confirm these
data.

The reason for the difference in these epidemiologic fea-
tures has not yet been determined; however, it may be spec-
ulated that the environment of poor economic conditions and
poor hygiene in which many African children live causes a
secondary immunodeficiency status.15,28

Latent membrane protein-1 is known to have transforming
activity and has also been reported to be an oncogenic
protein that protect cells from programmed cell
death.4,8,13,17,19,21,34 Although the precise role of LMP-1 is still
obscure, strong staining of LMP-1 in the membrane and cy-
toplasm of Hodgkin and RS cells from tissues of patients
with Hodgkin’s disease in our study indicates that EBV plays
an important role in the pathogenesis of this disease with its
oncogenic potential.4,5,7–9,11–14,16–23 We have also observed
four cases that were EBER-1 positive and LMP-1 negative
and eight cases that were EBER-1 negative and LMP-1 pos-
itive. The group of individuals who were EBER-1 positive
and LMP-1 negative can be explained by the lower sensitiv-
ity of the immunohistochemical method compared with in
situ hybridization.5,7 There is a possibility that the group of
eight cases who were EBER-1 negative and LMP-1 positive
harbor a type 2 strain in the neoplastic cells. This is consis-
tent with the results of several investigators,6,7,10,12,18,23 who
detected EBV type 2 strains in cases of Hodgkin’s disease.

The results of our study suggest that EBV plays a more
direct role in the pathogenesis of Hodgkin’s disease in Kenya
than in Nagasaki, and that this disease in children is more
strongly linked with EBV infection than in adults. In addi-
tion to that of EBV, environmental and/or genetic factors
also have a role in the pathogenesis of Hodgkin’s disease,
especially in Nagasaki, Japan.
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