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Abstract
Background: Malignant lymphoma (ML) in HIV patients, are second in frequency to Kaposi’s sarcoma (AKS) as AIDS-defining
tumors. In Africa the frequency of AIDS-related lymphoma (ARL) is rare and the findings are controversial. Kaposi’s sarcoma (KS)
lesions are now causally associated with KSHV/HHV-8 but whether African ARL shows this association is not clear.
Method: Cancer registry data was reviewed for retrospective cases. Both retrospective and prospective lymphoma cases  were classified
according to the revised European-American (REAL) classification. Immunephenotyping was performed on both frozen and fixed
paraffin sections. Viral DNA was assessed by polymerase chain reaction (PCR) of formalin fixed or frozen biopsies. In situ hybridization
(ISH) was used to determine the presence of EBV encoded RNA (EBER).
Objectives: To determine the frequency and type of AIDS and non-AIDS related malignant lymphoma in Tanzania and a possible co-
association with KSHV/HHV-8 and EBV.
Results: An overall increasing tendency for ML in Tanzania was observed during 1991-94 and a clear increase from 1993. The tumors
were classified as Burkitt’s (6), diffuse large cell (10), precursor-B lymphoblastic (1) and Hodgkin’s disease (5) from HIV positive and
negative patients. Ten (40%) high grade ML and three Hodgkin’s lymphoma from HIV patients had HHV-8 DNA. These findings were
not related to age, sex or type of lymphoma. There was no association of HHV-8 with the lymphoma cells. Epstein-Barr virus (EBV) was
demonstrable in most (13/18; 72%) of the tested tumors and seven (31.8%) had both HHV-8 and EBV.
Conclusions: This study suggests an overall increased frequency of ML patients infected with HHV-8 in Tanzania particularly in HIV
patients which may result from the well established high HHV-8 prevalence in the general population, but HHV-8 was not associated
with  ARL pathogenesis as reflected by lack of tumor cell infection. As opposed to EBV, measures targeting HHV-8 for control of ML
may therefore not be appropriate.
Running title: HHV-8 and EBV in Tanzanian malignant lymphoma.
African Health Sciences 2006; 6(2): 69-75

Introduction
In HIV infected patients, development of malignant
lymphoma (ML) is second to Kaposi’s sarcoma as an
AIDS case-defining condition1, 2, 3. Although in Europe
and the US there is a clearly defined increase in the
frequency of lymphoma in AIDS patients (AIDS-related
lymphoma, ARL), in Africa this has not been established
and only a few studies have documented a tendency for
a slightly higher or steady frequency of ARL4.

A novel herpes virus KSHV/HHV-8 has been
shown to be associated with Kaposi’s sarcoma (KS), and
certain types of malignant lymphoma in AIDS patients

(AKS)5,6, as well as in sporadic/classical KS (CKS) and
endemic KS (EKS) 7. Thus the rare body cavity based
lymphoma (BCBL) or pleural effusion lymphoma (PEL)
is usually associated with this virus in HIV patients8,9 as
well as cell lines derived from such lymphomas10,11.
KSHV/HHV-8 was also found in cases of HIV+ and
HIV- multicentric Castleman’s disease (MCD) and in
angioimmunoblastic lymphadenopathy (AILD)11.

By serology high anti-KSHV/HHV-8 antibody
titers have been shown in most KS patients and variable
titers in a relatively high proportion of sera from normal
residents of regions endemic for EKS and CKS12-14. Our
preliminary studies show 100% seroprevalence for
HHV-8 antibodies in KS patients and up to 57% in nor-
mal blood donors from Tanzania whereas significantly
lower population seroprevalence has been found in USA,
UK and Europe13,15.

Considering the high prevalence of HHV-8 in
endemic KS areas of Central Africa12, in this study we
have examined the frequency of AIDS and non-AIDS
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related malignant lymphoma in Tanzania and a possible
biopsy association with KSHV/HHV-8 and EBV in rela-
tion to the type of lymphoma.

Materials and methods
The cancer registry of the Muhimbili University College
of Health Sciences was reviewed and all 167 malignant
lymphoma (ML) diagnosed between 1989 and 1996
were recorded as well as 22 ML biopsies collected
prospectively within the same period. All data and tissue
available were further studied as shown in the sub-sec-
tions below. Clinical, histopathological data and HIV
status of the twenty two ML cases are summarized in
table 1 and 2.

Histopathology: H & E sections of formalin fixed,
paraffin embedded lymphoma tissues were classified
according to the revised European-American (REAL)
classification of lymphoid neoplasms16.

Immunohistochemistry: Cell immunophenotyping
of the 22 tumors was performed as previously
described17 on 4 - 6 µm frozen and formalin or Carnoy’s
fixed paraffin sections with various monoclonal
antibodies (Mab) namely: - CD20 (clone L26; Dako,
Denmark), CD3 (clone UCHT-1, Dako, Denmark),
CD45RO (clone UCHL-1; Dako, Denmark), CD30
(clone BerH2; Dako, Denmark) and CD 68 (clone KP
1; Dako, Denmark).

After quenching the endogenous peroxidase
activity and blocking for non-specific antibody binding17,
the frozen sections were incubated with respective
primary antibody for one hour at room temperature.

Paraffin embedded, formalin fixed sections
were deparaffinized and processed for antigen retrieval
as previously described18 in a microwave oven twice for
5 minutes at 750W. After washing in Tris-buffered saline
(TBS), the sections were blocked for non-specific
antibody binding at room temperature with normal horse
serum (1:20) for 30 minutes (Vecta Stain) followed by
incubation with primary antibodies overnight at 4°C.

Immunoperoxidase staining for HHV-8 LANA
on antigen retrieved endogenous peroxidase and non-
specific binding blocked lymphoma and control Kaposi’s
sarcoma sections, was done by incubating with Rat anti-
LANA (ABI, Columbia, MD USA), overnight at 4°C.
Bound antibody on frozen and paraffin sections was
revealed by incubation with biotinylated goat anti-rat or
anti-mouse (Jackson, West Groove, PA, USA) for 30
minutes at room temperature followed by an avidin-
biotin-peroxidase complex (ABC) (Vectastain, PK-6100)
and DAB (Sigma-Aldrich, St. Louis MO, USA) as the

chromogenic substrate.
Immunofluorescence for LANA on control

cultured BCBL-1 cytospins was performed by incuba-
tion with CY3-labelled goat anti-rat 1:50 (Jackson, West
Groove, PA, USA) for 40 minutes at room temperature,
washed in TBS and counter-stained with 5 mM 4’-6-
Diamidino-2-phenylindole-HCL (DAPI) (Sigma-Al-
drich, St Louis MO, USA) in 500  mM of trisodium
citrate. After mounting, the slides were evaluated in a
fluorescent microscope.

Incubation with TBS instead of respective
primary antibody was used as a negative control for the
detection system.

Polymerase chain reaction (PCR) analysis: DNA
was extracted from 8 µm sections of formalin fixed or
frozen biopsies as previously described7. For detection
of HHV-8 sequences, primers (KS1, KS2) were chosen
to amplify a 233-bp fragment of the KS-330 Bam
sequence 5 using a PCR-PTC-200 machine as previously
described6.  Similarly specific sequences for EBV, HHV-
6 and CMV DNA were also assayed by PCR with
corresponding primers19. Positive controls included PCR
on DNA from KS sections or cultured KS cells. Non-
lymphoma (normal) tissue from the same individuals
was not available and could not be included as a control
for lymphoma specific association.

In situ hybridization (ISH): The presence of EBV-
encoded RNA (EBER) was assayed by ISH with a FITC-
labeled probe to EBER-I and II (Dako Y0017) and mouse
anti-FITC (Dako M0878), rabbit anti-mouse serum and
APAAP complexes as previously described

2
.

Results
Analysis of annual frequency and trends of ML from the
cancer registry showed an overall increased frequency
of ML in 1992 and 1994 (Figure I) and an increased
frequency of AIDS related lymphoma (ARL) from 1993
to 1996. However, due to few cases registered at the
registry and serologically tested for HIV, statistical
evaluation was not conclusive.

The data for 22 cases of malignant lymphoma
prospectively collected and further studied is shown on
tables 1 and 2. The biopsies (M17, F5) from adults [≥
15 years, (M 8; F 1)] and children (M 9; F 4) were further
categorized as follows: sixteen 16 cases were seronegative
for HIV, four (4) were seropositive (ARL) while (2) had
no HIV serostatus. The HIV+ cases were mainly diffuse
large B-cell lymphoma (DLBCL) and Hodgkin’s disesase
(HD). None of the six BL cases of children 5-9 years of
age were associated with HIV.
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All lymphoma cases were negative for HHV-8
as revealed by immunostaining for LANA, whereas,
control BCBL-1 cells and Kaposi’s sarcoma sections
showed presence of HHV-8 LANA by
immunofluorescence or immunoperoxidase (Figure 3
a-b).
In situ hybridization: All four tested Burkitt’s
lymphomas (Table 1&2) and five out of the eight tested

Histopathology and Immunophenotype: The
tumors were classified (Table 1) as: Burkitt’s lymphoma
(BL) (n=6), diffuse large B-cell lymphoma (DLB-CL)
(n=10) (Figure 2a) precursor-B lymphoblastic (B-LBL)
(n=1) and Hodgkin’s disease (HD) (n=5). The HD ca-
ses were further sub-classified as mixed cellularity (MC-
HD) (n=2) and lymphocyte depletion (LD-HD) (n=3).
Two of ten (20%) DLB-CL and two of five (40%) LD-

HD developed in HIV seropositive patients. All non-
Hodgkin’s lymphomas (NHL) were of B-cell lineage
(Table 1), expressing CD20 antigen (Figure 2b). CD30+
Reed-Sternberg (RSC) and Hodgkin’s cells were found
in all HD cases. A variable number of infiltrating
CD45RO+, CD3+ and CD68+ cells were seen in all
type of tumors.

Table 1: Patients features, lymphoma morphology, phenotype, presence of HHV-8, EBV and HHV-6 in
Tanzanian lymphoma

SN Sex/Age *HIV- #Histopathology Immune- HHV-8 EBV HHV-6
 serology phenotype  ¶)PCR §) EBER ISH PCR

1 F/5 - BL B - + +
2 M/7 - BL B - + +
3 M/5 - BL B + + -
4 F/7 - BL B + + -
5 F/9 - BL B - nd nd
6 M5 - BL B - nd nd
7 M/39 - DLB-CL B + nd nd
8 M/15 - DLB-CL B - - -
9 M/5 - DLB-CL B + + -
10 M/74 - DLB-CL B - + -
11 M/10 - DLB-CL B - + +
12 F/7 - DLB-CL B + + -
13 M/28 + DLB-CL B - nd -
14 M/52 + DLB-CL B + + +
15 M/20 nd DLB-CL B - - -
16 M/8 nd DLB-CL B - - -
17 M/16 - B-LBL B + - -
18 M/8 - MC-HD NA + + +
19 M17 - MC-HD NA + nd -
20 M/7 - LD-HD NA - + +
21 M/43 + LD-HD NA - + -
22 F/38 + LD-HD NA + + +

* Determined by ELISA and Western blott, # BL= Burkitt’s and DLB-CL= diffuse large B-cell, lymphoma; B-LBL=
precursor-B lymphoblastic; MC-HD= mixed cellularity Hodgkin’s disease, LD-HD= lymphocyte depletion Hodgkin’s
disease; PEL/BCBL = primary effusion lymphoma/body cavity based lymphoma; ¶ PCR= polymerase chain reaction
(- performed on DNA from fixed paraffin sections only), ISH= in situ hybridization; §determined by ISH; nd= not
done; NA= not applicable.

DLB-CL (62.5%) (Table 1&2) had nuclear EBER
reactivity in the tumor cells. Four (4/4) tested HD
(100%) showed EBER hybridization within Reed-
Stenberg (RSC) and Hodgkin’s cells (HS) (Figure 4).
Co-existence of HHV-8 (PCR) and EBER was seen in
seven tumors (41%) (Table 2). Whereas most (13/17)
tested lymphomas consistently expressed EBER-EBV
(72%), only 45% (10/22) expressed HHV-8 by PCR
(Table 2).
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Table 2: Serology for HIV, EBV and HHV-8 in relation to lymphoma histopathology of respective
patients

HIV serology Lymphoma histology serology for
*HHV 8 + **EBV + HHV-8+/EBV +

Negative N= 16 8/16 (50%) 10/13 (77%) 5/12 (42%)
BL 6 2/6 4/4 2/4
DLBCL 6 3/6 4/6 2/5
B-LBL 1 1/1 0/1 0/1
HD 3 2/3 2/2 1/2

Positive N=4 2/4 (50%) 3/3 (100%) 2/3 (67%)
DLBCL 2 1/2 1/1 1/1
HD 2 1/2 2/2 1/2

Unknown N=2 0/2 0/2 0/2
DLBCL 2 0/2 0/2 0/2

Total 22 10/22 (45%) 13/18* (72%) 7/17# (41%)

BL=Burkitt’s lymphoma, DLB-CL=diffuse large B-cell lymphoma, B-LBL = B cell lymphoblastic lymphoma, HD
=Hodgkin’s disease, *Tested for EBV, #Tested for both HHV-8 and EBV.
*  Determined by PCR; ** Determined by in-situ hybridization

Figure I: Frequency of ML at MNH from 1989-1996
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Consistent HHV-8 positivity was demonstrable
with DNA from frozen biopsies whereas mostly negative
results were seen with DNA extracted from biopsies
after formalin fixation and paraffin embedding (Table 1).
Comparison of PCR products from ML and KS showed
a much stronger band in KS biopsies (Figure 5), which
may suggest higher viral DNA content in KS compared
to ML except in BCBL (not shown). All non-lymphoma
or non- KS tissues from normal individuals were negative
(not shown).

PCR for EBV DNA was concordant with the
results (15/19 tested) of EBER in situ hybridization
(Table 1). Seven (7/14) tumors had also demonstrable
HHV-6 DNA by PCR. No CMV DNA was demonstrable
by PCR in these seven tested tumors. The presence of
HHV-8, EBV or HHV-6 in the tested material was not
clearly related to age, sex, HIV serostatus or type of
lymphoma. Three cases showed co-expression of all
three herpes viruses (Table 1).

Figure 2a: H & E stained section representative
of diffuse large cell lymphoma (DLCL).

Figure 2b:  An immunoperoxidase stained par-
affin section of the lymphoma in showing char-
acteristic membrane localization for the B-cell
CD 20 antigen.

Polymerase chain reaction (PCR):  HHV-8 DNA
(Table 2) was detected in ten (10) of the twenty two
(40.9%) malignant lymphomas all LANA negative by
immunostaining. The positive cases were sub-classified
into: BL 2/6 (33%), DLB-CL 4/10 (40%), B-LBL 1/1
and HD 3/5 (60%).

Figure 1: Annual frequency of malignant
lymphoma (ML) from 1989-1996 in Tanzania.
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Figure 3 (a):  LANA Immunofluorescence in the
nuclei of control BCBL-1 cells

Figure 3 (b): LANA positive cells in  nodular KS
control demonstrated by immunoperoxidase

Discussion
In this study, the overall increase in registered malignant
lymphoma (ML) from 1992 to 1994 appears to be an
increase of AIDS-related lymphoma (ARL) since 1993.
The apparent decline of ML/ARL after 1995 could not
be statistically confirmed due to the relatively small
number of registered cases and may be due to improper
documentation of cases. The prevalence of ARL in
Tanzania is difficult to ascertain since there is no routine
screening of all lymphoma patients for HIV. However,
the association between NHL and HIV seems, overall,
weaker in Africa than in the more developed countries4.
Different explanations have been put forward for this
such as early acquisition of Epstein-Barr virus (EBV) in
childhood in Africa with lower lymphoma risk if the
virus is reactivated by immunosuppression21. A lower
susceptibility to malignant lymphoma among African po-
pulations than among white populations has been
hypothesized, since incidence rates were lower in black
than white people of USA1. Under reporting of NHL
and competitive mortality from other AIDS-associated
illnesses may also cause this apparent lack of ARL since
patients with severe immunodeficiency in Africa are likely
to die from infectious diseases before manifesting ML22.

The recently described human herpes virus
(KSHV/HHV-8) is closely related to herpes virus Saimiri
(HVS) and also to Epstein-Barr virus (EBV)5 and
correspondingly also lymphomagenic. Thus although
first described in AIDS-related as well as in endemic and

Figure 4: In in-situ hybridization (ISH) showing
EBER localization at the inner nuclear membrane
and nucleoli in HD

Figure 5: PCR detection of KSHV/HHV-8
sequence in malignant lymphoma and Kaposi’s
sarcoma. The test band in each lane correspond
to 233 bp, lane 1 (ladder), lane 2 DLC-BL, lane 3
BL, lanes 4, 5 and 6 DLB-CL, Lane 7 HD, lanes 8
and 9 EKS, lanes 10 and 11 AKS. Lane 12 is water.
Note stronger bands in KS compared to
lymphomas.
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classical/sporadic Kaposi’s sarcoma5, 6, 23, HHV-8/KSV
was also shown to be associated with peripheral blood
mononuclear cells (PBMC) of B-cell phenotype in AIDS
patients with and without KS24, 25, and in lymphoid cells
of other conditions such as body cavity based lymphoma
(BCBL) a subset of ARL8, 11, 27-31. Given the historical
endemic occurrence of KS and therefore HHV-8 infec-
tion in the Tanzania population it seemed appropriate to
study the possible association of HHV-8 also with
Tanzanian malignant lymphomas. Our present observa-
tions indicate a frequent (45%) presence of HHV-8 (by
PCR) in various types of African malignant lymphomas
including Hodgkin’s disease, in HIV as well as non-HIV
infected patients. However, HHV-8 cell association in
these tumors was not proved by LANA immunostaining.
These lymphomas were often also clonally infected with
EBV (EBER+) but not in a strictly concordant way
indicating the specificity of the PCR assays7.

Our findings clearly show that HHV-8 in ML
patients is not related exclusively to HIV infection and
does not segregate to any single type of B cell lymphoma
but is also seen in HD cases. Outside Africa, HHV-8 has
been shown to associate with multicentric Castleman’s
disease (MCD)29, angioimmunoblastic lymphadenopathy
(AILD) and benign lymphadenopathy with follicular
hyperplasia28, 30, 32. However, in another study of Spanish
lymphoma HHV-8 was associated exclusively with
BCBL3.

The present findings therefore could support
the notion that HHV-8 is a lymphotropic virus6, 24, 31 but
similar to EBV

34
 may also infect non-lymphoid cell ty-

pes23, 35 and become activated not only due to HIV infec-
tion but also under conditions leading to EKS, suggesting
a possible role for other non-HIV related co-factors in
EKS evolution. However, quantitative differences in co-
factors common to AKS and EKS cannot at present be
excluded. Furthermore, our finding by PCR of much
less HHV-8 DNA in ML than in KS indicates a lower
viral load in ML possibly suggesting that HHV-8 infec-
tion may not be causally associated with ML since to be
so, the virus should infect all or most cells of the tumor
clone. The pathogenic role of HHV-8 in KS and the
various types of lymphomas such as BCBL is still unclear
but several “pirated” viral genes, homologous to cellular
genes may be functionally expressed and thereby in-
fluence KS development15, 36, 37. However, the restricted
HHV-8 association with various ML other than BCBL
and MCD23 does not support a causal role for HHV-8 in
ML in general and could indicate its presence as a
passenger virus in tissues from individuals in high HHV-
8 prevalence regions. This was clearly confirmed by
failure to demonstrate HHV 8 in all lymphomas as

demonstrated by negative anti-LANA immunostaining.
Nevertheless, a pathognomonic role of HHV-8 in KS
and BCBL tumorigenesis is well documented as also
indicated by findings that anti-herpes viral treatment
might induce long-term remission of KS38.

In conclusion the present study shows a slightly
increased frequency of ML in Tanzania during the HIV
epidemic and an association of HHV-8 by PCR with some
ML cases of various types. However, no HHV-8 clonal
association by immunohistochemistry for LANA was
seen suggesting a passenger relationship with the
lymphoma tissue. Thus although there is clear evidence
for a pathogenic role of HHV-8 in AKS and EKS and
primary effusion lymphoma (PEL, BCBL), association
of HHV-8 with various ML in Tanzania only reflect a
local tissue homing and activation of carrier cells in a
high HHV-8 prevalent area.

This study, which to our knowledge is the first
in Tanzania to show this type of relationship, clearly
demonstrates that HHV-8 has no pathogenic role in the
studied ML. This implies that measures for controlling
HHV-8 such as vaccination will not eradicate ML. Control
of EBV may however, be considered in special categories
of ML. The findings calls for more studies to clearly
elucidate the factors responsible for the low frequency
of ML in Tanzania and Africa in general despite the ongoing
HIV/AIDS epidemic.
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