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Abstract

Background: Human herpes virus-8, a y2-herpesvirus, is the aetiological agent of Kaposi’s
sarcoma. Recently, there has been an increase in kaposi’s sarcoma cases in Zambia with the
seroprevalence reported to range from 20-48%. In a recent study, the incidence of paediatric KS
at the University Teaching Hospital in Lusaka was shown to have increased from 3.2% to 19% in
just one decade, demonstrating the enormity of the problem of KS. Despite this increase, the
diagnosis of kaposi’s sarcoma is based on morphological appearance of the affected tissues using
histological techniques and the association with its causative agent, Human herpes virus 8 is not
sought. This means poor prognosis for affected patients since the causative agent is not targeted
during diagnosis and KS lesions may be mistaken for other reactive and neoplatic vascular
proliferations when only histological techniques are used.

Objectives: This study was therefore aimed at detecting Human Herpes virus 8 in Kaposi’s
sarcoma tissues at the University Teaching Hospital in Lusaka.

Methods and Results: One hundred and twenty suspected Kaposi’s sarcoma archival formalin-
fixed paraffin-wax embedded tissues stored from January 2013 to December 2014 in the
Histopathology Laboratory were analysed using histology and Polymerase Chain Reaction
targeting the ORF26 gene of Human Herpes virus 8. The following histological types of
Kaposi’s sarcoma were detected: Nodular (60.7%), plaque (22.6%) and patch (16.7%). The
nodular lesion was the most common and was identified mostly in males (40.5%, 34/84) than
females (20.2%, 17/84) (p=0.041). Human Herpes virus 8 DNA was detected in 53.6% (45/84)
and mostly in the nodular KS lesions (60%, 27/84) (p=0.035).

Conclusion: These findings indicate that Human Herpes virus 8 is detectable in Kaposi’s
sarcoma tissues, and, as previously reported in other settings, is closely associated with Kaposi’s

sarcoma.
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Chapter 1

Introduction

1.1 Background

Human herpesvirus-8 (HHV-8), a y2-herpesvirus, also known as Kaposi sarcoma-associated
herpesvirus (KSHV), is the aetiological agent of Kaposi sarcoma(KS) (Azadmanesh et al, 2012;
Veetil et al, 2014; Gramolelli and Schulz, 2015), and is also aetiologically linked to two other
lymphoproliferative disorders, Primary Effusion Lymphoma (PEL) and Multicentric Castleman’s
disease (MCD) (Kouri et al, 2012; Veettil et al, 2014; Avey et al, 2015), which have rarely been
reported in Africa (Tumwine et al, 2011). KS is a mesenchymal tumour involving blood and
lymphatic vessels and was first described in Eastern Europe in the late 19" century and
classically considered as an indolent disease of elderly men (Johnston et al, 2009; Jalilvand et al,
2011). This malignancy is predominantly seen in people with acquired immunodeficiencies,
including acquired immunodeficiency syndrome (AIDS) and iatrogenic immunosuppression in
the setting of organ transplantation, but can also develop in the elderly (Valdarchi et al, 2007,
Azadmanesh et al, 2012). KS is most frequent in regions with high HHV-8 seroprevalence, such
as sub-Saharan Africa and some Mediterranean countries (Dal Maso et al, 2009; Ghaninejad et
al, 2009) The global seroprevalence of HHV-8 is uneven, it is low in the United States and
Western Europe, moderate in the Mediterranean and as high as 80% in sub-Saharan Africa

(Newton et al, 2003; Mbulaiteye et al, 2004; Mwakigonja et al, 2008).



KS is now the most frequently reported malignant skin tumour in some areas of Africa and was
endemic in Africa even before the advent of Human Immunodeficiency Virus (HIV) infection
(Ahmed, 2013; Olp et al, 2013). It remains the most frequent HIV-associated malignancy and
major scourge in sub-Saharan Africa, especially in the so-called “KS” belt, which covers Kenya,
Uganda, Tanzania, Zambia, Zimbabwe and South Africa (Mwakigonja et al, 2008; White et al,
2008; Dollard et al, 2010; Kumar et al, 2013). Detection of HHV-8 provides important
epidemiological data which can be used to determine the occurrence, prevalence and spread of

KS (Azadmanesh et al, 2012).

1.2 Statement of the Problem

Zambia is one of the major countries in sub-Saharan Africa affected by the high HHV-8 and KS
prevalence and coupled with the HIV pandemic, a drastic increase in the number of KS cases
diagnosed has been reported (Minhas et al, 2011; Kumar et al, 2013). At the largest referral
hospital in Zambia, the University Teaching Hospital (UTH) located in Lusaka, the diagnosis of
these KS cases is based solely on clinical appearance of the lesions and by Haematoxylin and
Eosin (H and E) staining of biopsies. This poses a risk of misdiagnosis, resulting in improper
patient care as the causative agent, HHV-8, is not sought and KS lesions may be mistaken for

other reactive and neoplastic vascular proliferations (Dittemer et al, 2012).

1.3 Justification of the Study
It is necessary to confirm the presence of HHV-8 DNA using molecular techniques such as

Polymerase Chain Reaction (PCR) in tissue biospies to enhance the diagnosis of HHV-8-



associated diseases, such as KS, as this will lead to better treatment options for affected patients
(Endo et al, 2003). PCR can also be used for confirmation of histopathological examinations,
especially in cases of early vascular lesions, in which histopathological diagnosis is difficult
(Machado et al, 2014). Furthermore, targeting aetiological agents in tumours is vital in disease
control and prevention (Rohner et al, 2014). This may also be useful for clinical assessment of
patients with KS and in monitoring disease progression which is important for clinical practice.
This study also provides the basis for developing further studies on HHV-8 and KS in Zambia
and for future development of HHV-8 vaccines. To the best of our knowledge, this is the first

study of its kind to be conducted in Zambia.

1.4 Literature Review

1.4.1 Basic Biology of HHV-8 and its Transmission

HHV-8 is a large double-stranded DNA virus of approximately 165kb, and 140kb of this DNA
contains coding information, flanked on either side by tandem terminal repeats of 1.4kb of highly
GC-rich non-coding sequences (Endo et al, 2003; Sasco, 2010). It is classified as a member of
the y2-hepersvirus closely related to herpesvirus saimiri (HVS), Rhesus monkey rhadinovirus
(RRV), and murid herpesvirus 68 (MHV-68), which are important model systems for the study
of y-herpesviruses (Young and Murray, 2003; Raab-Traub, 2012). Herpesviral particles are
composed of a linear double-stranded DNA (dsDNA) genome enclosed by an icosahedral protein
capsid, which is enveloped by a glycoprotein-studded lipid bilayer (Veettil et al., 2014). An

intermediate layer between the capsid and envelope is referred to as the tegument.



The genome contains at least 100 open reading frames (ORFs), of which 4 to 75 are homologous
to those of other herpesviruses (Fouchard et al, 2000; Cai et al, 2010; Ganem, 2010; Raab-Traub,
2012). The genome consists of conserved gene blocks overlapping with other herpesvirus family
members, as well as more than 15 genes (K genes) unique to HHV-8, and these ORFs are
designated with the prefix K, from K1 through K15 (Ouyang et al, 2014). This region of the
HHV-8 genome is particularly heterogenous and variable, and is used to define the 7 subtypes

and more than 20 clades of HHV-8 (Zhang et al, 2008; Tornesello et al, 2010).

The possible routes of HHV-8 transmission include horizontal, sexual, vertical, blood-borne, and
through organ transplantation (Edelman, 2005; Crabtree, 2013). In Zambia, a large prospective
study conducted on a cohort of children from birth to 48 months to estimate annual incidence of
HHV-8, showed that transmission in children was mainly horizontal, through maternal
mastication of food (Minhas et al, 2011; Olp et al, 2013). HIV-1 infection has also been
demonstrated to increase the risk of acquiring HHV-8 in endemic areas (Butler et al, 2011;
Stefan et al, 2011). Post allograft medical immunosuppression has also been associated with
increased risk of HHV-8 infections, as well as other viruses associated with malignancies (Sunil

et al, 2010; Butler et al, 2011; Crabtree, 2013).

HHV-8 can infect a variety of cell types, and enter cells either through fusion or receptor-
mediated endocytosis (Chandran, 2010; Chakraborty et al., 2012; Veettil et al., 2014). Once the
genome is delivered into the host nucleus, HHV-8, like all herpesviruses, is capable of entering

into one of two alternative life cycles, latency or lytic replication (Ganem, 2010).



1.4.2 Epidemiology of Kaposi’ Sarcoma

Worldwide KS accounts for only 0.02 - 0.07% of all malignancies in the general population (Dal
Maso et al, 2009; Jalilvand et al, 2011). The region with the highest incidence is Africa, where
KS represents 3% to 9% of all cancer cases (Jalilvand et al, 2011). Classic KS occurs as a rare
and indolent form in elderly Mediterranean men, with particularly high incidence in Italy,
Greece, Turkey, and Israel (Lyubomir et al, 2003). Historically, KS incidence in the
Mediterranean is up to 10-fold higher than in the rest of Europe and the United States (Iscovich

et al, 2010).

Before the HIV pandemic, KS was very infrequent in Western countries, with an incidence rate
of 0.3 per 100,000 from 1978 to 1993 in the United States of America (Eltom et al, 2002).
However, KS has become the most common neoplasm in AIDS patients since it was first
reported among homosexual men in the United States at the beginning of the AIDS epidemic
(Borbolla et al, 2010; Butler et al, 2011). In the past, the incidence of KS was over 20,000 times
higher in patients with AIDS than in the general population (Engels et al, 2006). However, the
discovery and widespread use of highly active antiretroviral therapy (HAART) in developed
countries such as the United States and Europe, has led to a substantial decrease in the incidence
of AIDS-associated Kaposi's sarcoma (AAKS) (Mocroft et al, 2003; Krown et al, 2006; Maskew

etal, 2011).

The burden of HIV infection and AIDS is greatest in the developing world and neoplastic

complications are increasingly encountered (Mbulaiteye et al, 2003; Asuquo et al, 2009; Sasco et



al, 2010; Maskew et al, 2011). The incidence of KS has been steadily increasing in parallel with
AIDS epidemic in Sub-Saharan Africa (Parkin et al, 2008; Sasco et al, 2010; Maskew et al,
2011). Although KS was endemic in Central and East Africa before the AIDS epidemic, AAKS
has become the most frequently diagnosed tumour in several African countries (Wabinga et al,
2000; Ahmed et al, 2013). The incidence has been steadily increasing, partly because of limited
access to antiretroviral drugs and other preventive or curative therapies for AlDS-associated
cancers (Krown, 2006; Ganem, 2010). In countries with long-standing AIDS epidemic such as
Uganda and Zimbabwe, the incidence of KS has increased twenty-fold to become the most
common cancer in men and the second most common in women (Marimo, 2010; Ahmed et al,
2013). Before the advent of the AIDS pandemic in South Africa, approximately 100 new cases
of histologically diagnosed KS cases were reported to the National Cancer Registry each year,
accounting for 0.3% of female and 0.7% of male cancer patients (Mosam et al, 2008; Maskew et
al, 2011). Since 1993, the incidence of KS in South Africa has doubled in men and increased 7-
fold in women (Mosam et al, 2008). A study conducted in Rwanda found a clear association
between HIV infection and KS with odd ratios ranging from 21.9 (95% CI 12.5-38.6) to 47.1

(95% CI 31.9-69.8) (Stein et al, 2008).

In Zambia, there has been an increase in KS co-incidental with the HIV pandemic and high
incidence of HHV-8 infection, with seroprevalence reported to range from 20-48% (Endo et al,
2003; Newton, 2003; Olp et al, 2012). In children, KS was relatively rare prior to 1980, but by
1990 to 1992, post the emergence of the HIV epidemic, the incidence in children had risen to

constitute 20-25% of all paediatric malignancies in Zambia (Chintu et al, 1995; Olp et al, 2012;



Minhas et al, 2010). In a recent study, the incidence of paediatric KS at the UTH in Lusaka was
shown to have increased from 3.2% to 19% in just one decade, demonstrating the enormity of the
problem of KS (Crabtree, 2013). However, no studies to determine the incidence in adults have

been done in Zambia.

1.4.3 Pathogenesis of HHV-8

Circulating blood mononuclear and endothelial progenitor cells are believed to be the source of
early KS lesions (Radu and Pantanowitzi, 2013). Infection with HHV-8 reprogrammes the host's
blood endothelial cells so that they resemble lymphatic endothelium, up-regulating several
lymphatic-associated genes such as lymphatic vessel endothelial receptor-1 (LYVE-1),
podoplanin, and vascular endothelial growth factor receptor-3 (VEGFR-) (Hong et al, 2004).
However, HHV8 infection alone appears to be insufficient for the development of KS. KS
progression relies also on some degree of host immune dysfunction and the local inflammatory
milieu (Douglas et al, 2007; Pantanowitz et al, 2009). Once the HHV-8 virus enters the host’s
nucleus, it is capable of entering either the latency or lytic life cycle (Ganem, 2010; Sunil et al,
2010). The latent phase which is the default phase of HHV-8, helps with immune evasion and in
establishing a persistent viral infection.The major latent viral proteins include latency-associated
nuclear antigen (LANAL), viral cyclin (v-cyc), and the viral Fas-associated death domain
interleukin-1B converting enzyme (FLICE) inhibitory protein (vFLIP). Kaposin, viral interferon
regulatory factors 3 (VIRF3), and KSHV-encoded microRNA (miRNA) are among the other
latent viral proteins (Sunil et al, 2010). Viral G-protein coupled receptor (vGPCR), ORF5,

ORF59, ORF65, K8 and viral interleukin-6 (vIL-6) are lytic-phase proteins, although vIL-6 is



also often found in latently infected cells (Sunil et al, 2010). LANA is the main protein
expressed by HHV-8,and its function is to maintain the HHV-8 episome (McLaughlin et al,
2009; Radu and Pantanowitz, 2013). LANA inhibits the transcriptional activity of the tumour
suppressor protein, p53, resulting in the development of malignancy (Mc Laughlin et al, 2009).
HHV-8 latency genes include LANA-1, v-FLIP and Kaposin ABC (Borbolla et al, 2004; Radu
and Pantawitz, 2013). HHV-8 persists in latent form in infected cells, and its genome replicates
extra-chromosomal DNA (Borbolla et al, 2004). Studies have shown that a potent transcriptional
activator of viral cellular gene is responsible for the switch from latency to lytic cycle in HHV-8
infection (Borbolla et al, 2004). Like other herpesviruses, HHV-8 remains latent within cells and
has developed a variety of mechanisms to evade the host immune system (Radu and

Pantanowitz, 2013).

1.4.4 Clinical Presentation of Kaposi’s Sarcoma

In the most immunocompetent individuals with chronic HHV-8 infection, the infection is
usually asymptomatic (Luppi et al, 2000). Acquisition of HHV-8 in immunocompetent children
and organ transplant recipients has been associated with a primary infection syndrome consisting
of fever, rash, lymphadenopathy, bone marrow failure, and occasional rapid progression to KS
(Luppi et al, 2000; Andreoni et al, 2002). KS manifestations vary widely, but most patients have
non-tender, purplish, indurated skin lesions. Intraoral lesions are common and visceral

dissemination can occur, occasionally without the presence of skin lesions (Krown, 2006).



When KS occurs in the immunocompromised, for example in AIDS associated KS, there is a
wide range in the distribution and clinical manifestations (Eltom et al, 2002). The disease usually
presents initially as violaceous skin lesions, but oral, visceral, or nodal KS may precede
cutaneous involvement (Krown et al, 2006). Biopsy for definitive diagnosis is recommended to
distinguish KS from other pigmented skin conditions, which may include bacillary angiomatosis,
non-Hodgkin lymphoma, and cutaneous fungal or bacterial infections (Krown, 2006; Dittmer et

al, 2012).

1.4.5 Diagnosis of Kaposi’ Sarcoma

Presently, the diagnosis of KS requires clinical and histological evaluation. However, the
increasing documentation of its association with HHV-8 has raised the important possibility of
being able to predict disease occurrence by demonstrating the HHV-8 infection (Edelman, 2005;

Whitby et al, 2008; Crabtree, 2013).

1.4.5.1 Histological Detection

Primary histological diagnosis of KS is achieved by morphological characterisation using the
routine Haematoxylin and Eosin (H and E) staining technique (Mwakigonja et al, 2008;
Tumwine et al, 2010). KS lesions on microscopic examination, after Hand E staining, appear to
be characterised by angiogenesis, proliferation of spindle cells, oedema and occasional
dissemination into visceral organs (Kumar et al, 2013). The inflammatory infiltrate containing
lymphocytes, plasma cells and macrophages is abundant and surrounded by abnormal vessels. At

early stages, KS lesions appear as flat red patches in which the main component is the



inflammatory infiltrate and few spindle cells are present with extravasation of red blood cells
(RBCs) (Speicher et al, 2015). The patches develop into plaques and spindle cells become
predominant. During the advanced stage, the nodular stage, spindle cells growth leads to the
formation of macroscopically visible nodules. Spindle cells are either arranged around vascular
spaces containing RBCs or can form fascicles streaming in different directions (Orenstein, 2008
Gramolelli and Schulz, 2015). The histological technique does not, however demonstrate the
presence of aetiological agents, and pathologists sometimes find it difficult to differentiate this
neoplasm from other cancers and KS mimics conditions such as bacillary angiomatosis, spindle
cell haemangioendotheliomas, kaposiformhaemangioendotheliomas, fibrohistiocytic tumours,

spindle cell melanoma and granuloma annulare (Tumwine et al, 2010; Speicher et al, 2015).

1.4.5.2 Serological Detection

Currently, four methods have been used to demonstrate antibodies to HHV-8: enzyme-linked
immunosorbent assay (ELISA), immunofluorescent assay (IFA), Western blot, and
immunohistochemistry (IHC) (Edelman, 2005; Crabtree, 2013). Detection of infection and
determination of seroprevalence can be dependent upon which test is selected (Hudnall, 2004).
ELISA methods vary according to the HHV-8 antigens used and whether they are recombinant

antigens, viral lysates, or synthetic peptides (Edelman, 2005).

IFA methods incorporate virally-infected cell lines, either latently infected with expression of
LANA-1, or cells that express lytic antigens following chemical induction (i.e., those

representing viral replication) (Edelman, 2005; Crabtree, 2013). The Western blot technique

10



utilises electrophoretically separated virally infected cell lysates or whole viral lysates, which are
transfered to nitrocellulose with subsequent detection of reactive antigens. It has the advantage of
detecting the presence of antibodies to specific antigens (Hudnall, 2004). IHC, on fixed cells and
tissue, allows the determination of which cell types harbour the virus invivo and semi-
quantitative analysis of infected cell type for understanding viral pathogenesis. IHC is also useful
for confirming or ruling out clinical diagnosis of KS (Hudnall, 2004). However, all these

methods have the disadvantage of having low specificity and sensitivity (Edelman, 2005).

1.4.5.3 Molecular Detection of HHV-8

HHV-8 infection can be identified by Polymerase Chain Reaction (PCR) in tissues (Biggar et al.,
2000). PCR-based methodology of HHV-8 DNA detection gives the greatest specificity for
diagnosis compared to all other tests currently used for determining HHV-8 exposure or
infection (Crabtree, 2013). PCR of KS lesions from known HHV-8 positive patients is detected
in approximately 95% of all cases (Crabtree, 2013). However, amplification methods are
expensive, time consuming, and have been shown to be lacking in sensitivity for easily
accessible diagnostic specimens such as plasma and peripheral blood mononuclear cells
(PBMCs). This has limited the clinical application of viral DNA detection in population
screening (Biggar et al, 2000; Edelman, 2005; Crabtree, 2013). The most common DNA
sequence used for detection of HHV-8 in clinical samples by PCR is the small ORF26 locus and
is known to give positive results with most samples that come from the acknowledged HHV-8-

associated disease conditions including all forms of KS (Zong et al, 2007).
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1.4.6 Treatment of Kaposi’s Sarcoma

Although the course of AAKS is variable, most patients would eventually develop progressive
and disseminated disease requiring active therapy (Crabtree, 2013). The choice of treatment is
determined by the stage of KS disease, its rate of progression, the degree of immune competence
and HIV associated diseases (Krown, 2004). Several therapeutic options are available for AAKS,
but the optimal therapy is still unclear. Highly active antiretroviral therapy, including protease
inhibitors, may be the first treatment step for indolent slowly progressive disease (Martellotta et
al, 2009). Following treatment with HAART, there may be complete remission in patients with
good immunological response and limited disease (Martellotta et al, 2009). However, recent
studies indicate that there is no significant regression when patients with advanced, symptomatic
AAKS are treated with HAART without simultaneous chemotherapy (Krown, 2004; Martin-

Carbonero, 2004).

A wide variety of chemotherapeutic agents used individually and in combination, have been
evaluated for the treatment of AAKS. In high income countries, a combination of vincristine,
doxorubicin and bleomycin (VAB) that was considered the standard chemotherapy regimen for
AAKS has been supplanted by liposomal anthracylines due to their higher efficacy and reduced
toxicity (Ashish et al, 2007; Cooley, 2007). In addition, the angiogenic nature of KS makes it
particularly suitable for therapies based on targeted agents such as metalloproteinase inhibitors
(e.g batimastat), angiogenesis inhibitors (e.g thalidomide) and tyrosine kinase inhibitors (e.g
imatinid) (Koon et al, 2011). In low income countries, the choice of therapeutic agents is limited

to the combination of vincristine, doxorubicin and bleomycin or even more toxic drugs such as
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thalidomide because liposomal anthracyclines are not available or affordable (Makombe et al,

2009).

1.5 Research Question
Is HHV-8 DNA detectable in paraffin-embedded Kaposi's sarcoma tissues at the University

Teaching Hospital?

1.6 Objectives

1.6.1 General Objective
To detect Human Herpes Virus-8 DNA in Kaposi’s sarcoma tissues at the University Teaching

Hospital in Lusaka.

1.6.2 Specific Objectives
1.6.2.1 To identify the histological types of KS using Haematoxylin and Eosin staining.
1.6.2.2 To determine the presence of HHV-8 DNA in Kaposi’s sarcoma tissues using Polymerase

Chain Reaction.
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Chapter 2

Materials and Methods

2.1 Study Design
This was a laboratory-based retrospective study on 120 archival formalin-fixed paraffin-

embedded (FFPE) KS tissues.

2.2 Study Site

The study was conducted at the University Teaching Hospital (UTH) in the Department of
Pathology and Microbiology, Histopathology Laboratory, in Lusaka. The UTH is a tertiary
referral and teaching hospital with a bed capacity of about 1,664. The hospital has about 11
departments namely: Obstetrics and Gynaecology, Paediatrics, Surgery, Community medicine,
Pathology, Radiology, Physiotherapy, Pharmacy and Blood bank. It is the biggest referral

hospital and the centre for all histopathology diagnostic work in Zambia.

2.3 Sampling Frame

Archived FFPE tissue blocks of KS were used. These included oral, skin and lymph node
biopsies from patients diagnosed with KS. One hundred twenty tissue blocks, stored over a 2
year period from January 2013 to December 2014, were collected. These included cases from all

age groups.
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2.3.1 Inclusion Criteria

All Archived paraffin wax-embedded tissue blocks of KS cases from patients of all age groups

stored from the January 2013 to December 2014 were included in the study.

2.3.2 Exclusion Criteria
Tissue blocks other than those from suspected KS cases or those whose data on sex and age were

missing were excluded from the study.

2.4 Sample Size Determination
Prevalence of HHV-8 infection in Zambia is estimated to be about 25% (Olp et al., 2013). In
order to estimate the prevalence within 5% (or 0.05) and considering 95% confidence level, a

minimum sample size of 285 was used, as shown by the calculation:

2
n :w , Where p=25% (or 0.25) is the sample proportion and

e’ =0.0025
n= 285
Applying correction for finite population size formula (Israel, 2013), the new sample size was
No= n ,
1+ n-1

N
Where n= sample size 285 as calculated above, N=Total number of KS blocks stored from

January 2013 to December 2014 (population size).

The calculated new ng= n , = 285 =118
1+ n-1 1+ 285-1
200

15



Therefore, the minimum sample size (n) was 118.

To obtain this, tissue blocks were selected by systematic random sampling. First, a list of all
suspected tissue blocks stored from January 2013 to December 2014 was made. The k™ tissue
block in the sampling frame was calculated by dividing 200, the total number of tissue blocks
(K) stored over a 2 year period by the sample size, 118. Selection of the first isolate from the first
K tissue blocks was done using simple random sampling. Then every k™ (2" tissue block on the

list was selected (Crossman, 2012).

2.5 ldentification of Histological types of KS using H and E staining

2.5.1 Paraffin Block Retrieval

One hundred and twenty formalin-fixed paraffin embedded (FFPE) KS blocks from the UTH
Histopathology Laboratory specimen archive were retrieved. All the blocks contained tissues
which were previously diagnosed as KS based on clinical appearance and H and E staining. Each

tissue block was given a new identification code and number for easy identification.

2.5.2 Section Cutting

Sections of tissue were cut at 6um on Shandon Finesse 325 microtome (Thermo Scientific-
Shandon, USA). Briefly, tissue blocks were first placed face down on an ice-cold plate for 20
minutes and cut on a microtome to generate serial sections. Separate blades were used to cut
each tissue to avoid contamination during PCR amplification of the viral targets. Each ribbon

was picked by forceps and transferred to a water bath set at 37°C in order to float out the
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sections. The ribbons were laid on the water bath to allow the sections to stretch for a few
seconds. The sections were then carefully separated and each section was picked on a glass slide
at an angle. The slide sections were allowed to drain for a few minutes before transferring them

to a hot plate for drying.

2.5.3 Haematoxylin and Eosin Staining

Before H and E staining, sections first deparaffinised in two changes of xylene (2 minutes each),
washed in two changes of absolute alcohol (2 minutes each), 2 minutes in 95% alcohol, 2
minutes in 90% alcohol, 2 minutes in 80% alcohol, 2 minutes in 70% alcohol and then in water
for 2 minutes. The slides were stained with Ehrlich’s Haematoxylin solution (Hopkins and
William, England) for 25 minutes. After staining, the slides were washed in running tap water for
5 minutes and then differentiated in 1% acid-alcohol (1% hydrochloric acid in 70% alcohol) for
15-30 seconds. The slides were further blued in running tap water for 10 minutes and counter
stained in 1% aqueous eosin for 5 minutes. Finally, the slides were rinsed in water, and
dehydrated in 70%, 80%, 90%, 95% alcohol and in two changes of absolute alcohol for 2
minutes at each stage. The slides were then cleared in 2 changes of xylene for 2 minutes in each
jar, cleared in DPX mountant (Electron Microscopy Sciences, Hatfield), covered with a cover-

slip and allowed to dry for 2 hours.

2.5.4 Microscopic Examination of Slides
The slides were observed under the microscope to confirm the diagnosis of KS. The

histopathological criteria for diagnosing KS included spindle cell proliferation, erythrocyte-filled
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vascular slits and proliferation of small vessels, with vessels showing evidence of extracellular
haemorrhage and haemosiderin deposition. The KS lesions were further classified into patch,

plaque and nodular stages.

2.6 Detection of HHV-8 DNA in Kaposi’ Sarcoma Tissues

2.6.1 Section Cutting

Tissue sections were cut as described under Section 2.5.2. New blades were used to cut each
tissue to avoid contamination during PCR amplification of the viral targets. The sections were
then transferred to a separate sterile 1.5ml microfuge tube until required for DNA extraction.

Gloves were used at all stages during tissue manipulation.

2.6.2 DNA Extraction

Up to 30mg of tissue sections was placed in a sterile 1.5ml microfuge tube. DNA was extracted
using the EZNA Tissue DNA Extraction Kit (Omega Bio-Tek Inc, Norcross, Georgia, USA) for
paraffin-embedded tissue according to the manufacturer's protocol. The DNA was eluted in

50ul volumes, and then stored at -20°C until required.

2.6.3 Detection of HHV-8 DNA

DNA extracted from Section 2.6.2 was used for the detection of the HHV-8 sequences. Nested
PCR was performed using two sets of primers, KS-land KS-2, KS-4 and KS-5 (primer
sequences shown in Table 2.1 below) amplifying the ORF26 gene of the HHV-8 genome. The 2
sets of primers were used for screening the DNA for HHV-8. The first round PCR reactions were
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performed in a final volume of 25ul of which 2ul was genomic DNA, 1X PCR buffer, 3.5 mM
MgClz2, 0.2mM of deoxynucleoside triphosphates, and 0.2 U of Invitrogen Taq DNA polymerase
(Thermo scientific co Ltd, USA), 2.5ul of each primer on a Gene amplification 2700
Thermocycler (Applied Biosystems, CA, USA). Primers were combined at a final concentration of
0.2uM. For the second-round PCR, 2ul of the first-round PCR products was used as the template
DNA. The cycling procedure for the KS-1, KS-2 primer pair was 94°C for 5 minutes, then 35
cycles of 94°C for 30 seconds, 58°C for 30 seconds, 72°C for 30 seconds and 1 final extension
cycle of 7 minutes at 72°C. For the KS-4 and KS-5 primers, the amplification conditions were
similar except the annealing temperature was at 53°C. The PCR products were analysed by
electrophoresis on a 1.5% agarose gel containing ethidium bromide (10ug/ml in distilled water)
and were visualized under ultraviolet light alongside a 50bp DNA ladder using the Biotop SC-
645 Gel Documentation system (Biotech Co. Ltd, Shanghai, China). A known KS case was used
as a positive control and a negative control containing nuclease-free without DNA was always

included. The expected product size was 233bp.

As an internal control, the extracted DNA was subjected to PCR using primers for human B-actin
(Table 2.1) with the following conditions: initial denaturation of 94°C for 1 minute, 35 cycles of
95°C for 30 seconds, 62°C for 1minute, 72°C for 1 minute and 1 final extension cycle of
10minutes at 72°C. The PCR products were also analysed by electrophoresis on a 1.5% agarose
gel containing ethidium bromide (10ug/ml) and visualised under ultraviolet light alongside the

50bp DNA ladder. The expected product size was 200bp.
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Table 2.1: Primer sequences used in the detection of HHV-8 and the expected PCR amplicon sizes

Primer Primer sequence Amplicon size Reference
HHV-8 detection
KS-1 AGCCGAAAGATTCCACCAT
KS-2 TCCGTGTTGTCTACGTCCAG 233bp Olp etal, 2013
KS-4 CGAATCCAACGGATTTGACCTC
KS-5 CCCATAAATGACACATTGGTGGTA  233bp Olp et al, 2013

Internal control- p actin
Forward GCC ATG TAC GTT GCT ATCC
Reverse CCG CGC TCG GTG AGG 200bp Olpet al, 2013

2.7 Data Analysis

GraphPad Prism Software Version 6 (San Diego, California, USA) was used for data analysis.

Logistic regression was used to determine associations among HHV-8, histological types of KS,

gender and age. Chi-square and Fisher’s exact test were used to determine associations among

histological types of KS, gender and age. A p-value of less than 0.05 was chosen to indicate

statistical significance.

2.8 Ethics Considerations

This study was laboratory-based with no direct contact with patients. Permission to use the

archived histopathology tissues was sought from the Head of the Department of Pathology and

Microbiology at the University Teaching Hospital. To ensure confidentiality and anonymity

tissue blocks were assigned project identification numbers. Ethics approval for the project was

sought from the University of Zambia Biomedical and Research Ethics Committee

(UNZABREC)(Ethics clearance number: 002-04-14/B; Appendix 1).
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Chapter 3

Results

3.1 Identification of Histological Types of Kaposi’s Sarcoma
Out of the 120 suspected FFPE KS tissues analysed, 70% (84/120) were confirmed KS cases in

mostly males (64.4% , 56/84) than females (33.3%, 28/84) (Figure 3.1).
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Figure 3.1 Determination of KS cases (A) and (B) KS cases based on gender

The KS lesions were grouped into three histological types: Patch (early vascular lesion), plaque
(intermediate lesion) and nodular (advanced lesion) based on the features seen under the

microscope as shown in Figure 3.2 below.
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Figure 3.2: Histopathological features of KS lesions (H and E staining). (A) shows the Patch stage: dissection of
collagen bundles by slit-like vascular channels lined by a monolayer of relatively flattened endothelial cells,
variable degree of erythrocyte extravasation; (B) Plaque stage: proliferation of spindle cells and extravasation of
erythrocytes in slit-like vascular channels; and (C) Nodular stage of KS with formation of well-defined nodules,
more spindle cell proliferation and erythrocyte extravasation, disappearance of all normal features of the skin.

The histological type distribution was as follows: Nodular (60.7%, 51/84), Patch (22.6%,

19/84), and Plaque (16.7%, 14/84) (Figures 3.3 below). The nodular type was the commonly

diagnosed histological lesion.
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Figure 3.3: Histological Types of KS identified

The nodular histological type of KS was the commonly identified histological type of KS and
affected mostly males (40.5%, 34/84) than females (20.2 %, 17/84) and this was statistically
significant (p=0.041) (Figure 3.3A). The age group 21-40 years was the most affected by nodular
lesions of KS compared to the other age groups. However, this difference was not statistically

significant (p=0.199) (Figure 3.4B).
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Figure 3.4: Identification of Histological Types of KS based on gender and B) Age
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3.2 Detection of HHV-8 DNA in Kaposi’s Sarcoma Tissues

As an internal control, the 200bp region of human B-actin gene, was used to confirm the
efficiency of DNA extraction from KS biopsies (Figure 3.5A).This was performed on all tissues
analysed. The presence of HHV-8 DNA was confirmed by running nested PCR products on a

1.5% agarose gel and a product size of 233bp was observed as shown in Figure 3.5B below:

A M 1 2 3 4 5 6 7 8 9 10 11
500bp  — |
250bp
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B M 1 2 3 4 5 6 7 8 9 10 11
=
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2500p P EEE i e o i ek S W S S —  2330p

Figure 3.5 Detection of PCR products: A): Human - actin internal DNA extraction control-PCR detection of -
actin. Lane M: 50bp DNA marker, Lane 1, Negative control; Lanes 2-11 Representative KS tissue samples. B) PCR
detection of HHV-8Lane M: 50 bp DNA marker, Lane 1: Negative control, Lane 2: Positive control, Lanes
3(RT058), 4(RT060),) 5(RT87), 6(RT161), 7(RT169), 8(RT173), 9(RT176) 10 (RT206) 11 (RT207): Positive for
HHV-8.

Out of the 84 confirmed KS tissues, HHV-8 DNA was detected in 53.6% (45/84) of the tissues
(Figure3.6 A). HHV-8 DNA was detectable in the tissues with the following histological

distribution: Nodular (60%, 27/45), Plaque (31.1%, 14/45) and Patch (8.9%, 4/45). The nodular
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stage was more likely to harbour HHV-8 DNA than the other histological types of KS (OR=1.43,

95%Cl 0.06 -2.04, p=0.035) (Figure 3.6B).
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Figure 3.6. Detection of HHV-8 in KS tissues. A) Total detection of HHV-8 DNA in KS Tissues. B) HHV-8
detection in various KS histological types

HHV-8 DNA was mostly detected in males (71.1%, 32/45) (p=0.493) than in females (28.9%,

13/45) (Figure 3.7A) and mostly affecting the age group 21-30 years (53.3%, 24/45) (p=0.359)

(Figure 3.7B).
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Figure 3.7 Detection of HHV-8 DNA based on (A) Gender and (B) Age
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Chapter 4

Discussion

4.1 Discussion

HHV-8 has been proven to be the causal agent of all forms of KS (Betsem et al, 2014; Mancuso
et al, 2011). The higher (93%) HHV-8 prevalence among KS cases compared to non-KS tumours
and reactive lesions support a causal relationship between the virus and primary KS
(Mwakigonja et al, 2008). Detection of HHV-8 by means of PCR is important for making the
differential diagnosis of KS, and can be used for the confirmation of histopathological diagnosis
especially in cases of early vascular lesions which are difficult to diagnose (Machado et al,
2014). Epidemiological studies have indicated that HHV-8 seropositivity in various populations
is strongly correlated with the population’s risk of developing KS (Machado et al, 2014; Rohner

et al, 2014).

In this study, three histological types of KS were identified: patch, plague and nodular types.
Patch is an early vascular lesion which mostly presents diagnostic challenges to the pathologists
as it may be misdiagnosed because of its resemblance to other vascular lesions such as
haemangiomas, haematomas and purpuras (Dittmer et al, 2012). Plaque is the intermediate stage
in which there is moderate proliferation of spindle-shaped cells while the nodular type is an
advanced stage of the disease which, in most cases, poses no diagnostic challenges. Data in this
study also demonstrated that the nodular type of KS was the commonly diagnosed histological

type. These findings are consistent with those in a study conducted in Tanzania in which most of
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the KS cases (68.7%, 82/120) were identified at this stage (Mwakigonja et al, 2008). The
similarities in the two studies can be attributed to the fact that both countries are in the endemic
region of KS where such results are expected. It could also be attributed to misdiagnosis at an
early stage of the disease as the lesions are easily identified at an advanced stage or it may be
that patients report to the hospital when the disease reaches an advanced stage (Machado et al,

2014).

This study also showed that the occurrence of KS was proportionally higher in men than in
women. Men presented with more nodular lesions of KS compared to women. These findings are
similar to studies carried out in other sub-Saharan countries (Ahmed and Muktar, 2011,
Tornesello et al, 2014). A Ugandan report showed that women were less likely to have nodular
lesions of KS (OR=0.33, 95% CI 0.16-0.69 p=0.003) as compared to men (Phipps et al, 2010).
The reduced rate of KS among females may be due to gender related factors that include
hormonal, environmental or genetic factors which normally protect women against the disease.
Human gonadotrophin has been hypothesised to be a protective factor in KS development based
on its inhibition of the growth of KS cell lines in vitro and oestrogen has also been known to
have direct effects on KS cell proliferation or by its direct effect on anti-tumour immune

response (Phipps et al, 2010).

Data presented in this study also demonstrates the presence of HHV-8 DNA in more than half of
the KS tissues analysed. Tumour biopsies are a convenient source of viral DNA as they have a

high viral load compared to peripheral blood (Kouri et al, 2012). A recent study employing
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nested PCR to evaluate the frequency of HHV-8 infection in HIV infected patients with and
without KS manifestations in Brazil detected HHV-8 DNA in 100% (13/13) of the tissues
analysed (Machado et al, 2014). This was attributable to the pathogenic role of HHV-8 in KS.
An lIranian study reported the presence of HHV-8 DNA in 83.3% (30/36) of the KS tissues
(Azadmanesh et al, 2012). Several other studies have also reported high detection rates of HHV-
8 DNA in KS tissue biopsies (Ramo-da-silva et al, 2006; Zhang et al, 2008; Ouyang et al, 2014).
Our findings along with those from other studies emphasize the pathogenic role of HHV-8 in the
development of KS (Bhutani et al, 2015; Vincenzi et al, 2015). The differences with this study in
which a lower detection rate was obtained, may be attributed to formalin fixation in the tissues
used. Formalin fixation results in widespread cross linkage between nucleic acids and proteins,
with the result that DNA extracted from fixed tissues is fragmented into sequences of variable
size, making it difficult to amplify the viral DNA (Ryan et al, 2002). It is noteworthy that several
authors have observed the detectable presence of HHV-8 to be intermittent, perhaps contributing
to the overall lack of sensitivity of PCR in detecting HHV-8 infection (Edelman, 2005). It has
also been observed that the sensitivity of PCR depends on the accuracy and location of the
excised biopsy. However, most biopsies are obtained in sites where there is less bleeding and this
compromises the quality of the samples collected as the most aggressive lesion is not excised

(Dittmer et al, 2012).

In this study, HHV-8 detection was higher in the nodular lesions of KS than other lesions. The
nodular lesions were more likely to harbour HHV-8 DNA (OR=1.43 95% CI 0.06-2.04 p=0.035)

than the other histological types of KS. These findings were consistent to those in a USA study
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in which higher levels of HHV-8 DNA were also reported in the nodular stage compared to the
patch and plaque stages (Mendez et al, 1998). Nodular lesions are the commonly diagnosed KS
lesions, and semi-quantitative analysis has established that the nodular stage is associated with a
higher viral load than the two other stages (Mendez et al, 1998; Ledo et al, 2002). The higher
viral load in these lesions is attributed to the fact that these lesions are an advanced form of KS
and therefore contain more endothelial spindle cells than the other lesions, the cells that harbour
the HHV-8 virus. This makes the virus to be readily detected and hence more likely to be found
in these lesions (Reed et al, 1998). Data obtained in this study strongly suggest a pathogenic role
of HHV-8 in KS. Therefore HHV-8 detection has potential applications in the early diagnosis,

staging and monitoring of KS lesions.

This study also demonstrated that HHV-8 DNA detection was high in the 21-40 age group and in
male patients, with no statistical significance with regard to age and sex. Similar results were
obtained in a study conducted in Germany in which HHV-8 DNA was mainly detected in the
middle-aged group (p>0.05) and was mostly seen in males (p>0.05) than in females (Martinez et
al, 2013). High HHV-8 detection in the middle aged group in the two studies may be attributable
to the high HIV risk due to high risk behaviour in this age group (Ahmed and Muktar, 2011).
However, we could not attribute our findings to HIV infection due to lack of clinical data. The
high detection rate in women may be attributed to gender- related factors such as hormonal,
environmental and genetic factors which protect women against KS (Phipps et al, 2010). Studies
conducted in Cameroon, China and Brazil have shown that HHV-8 prevalence increases

significantly with age and is not related to sex (Cunha et al, 2005; Zhang et al, 2012; Betsem et
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al, 2014). Local risk factors, geographical locations or ethnic makeup of the study population
could also influence results obtained in the different studies (LaDuca et al, 1998; Kumar et al,

2012).

4.2 Conclusion

Data generated in this study shows that KS lesions consist of three histological types: patch,
plaque and nodular lesions. Of the three, the nodular lesion was the most common (60.7%) and
was mainly identified in males than in females, supporting the notion that KS is a male-
associated disease. Another significant finding was the detection of HHV-8 DNA in more than
half (53.6%) of the KS tissues analysed, and this was mostly detected in the nodular lesions. Our
data corroborate those from other studies suggest a role of HHV-8 in KS pathogenesis. We
propose detection of HHV-8 in tissues by PCR as a way of making a definitive diagnosis for KS,
especially in early vascular proliferations when the characteristic histopathological features are

not present.

4.3 Limitations of the Study

Although previous epidemiological studies in Zambia have identified factors such as HIV
infection and other opportunistic infections to be strongly associated with the risk of developing
KS (Olp et al, 2013), it was not possible to link our data with the incidence and severity of these
infections as we did not have access to patient clinical data. An attempt was made to collect this

data but we could not obtain it due to poor record keeping at the UTH. In some cases, patients
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are allowed to carry their files home. Even though some files could be found, most of them had

incomplete data.

Initially, it was envisioned that we could genotype the HHV-8 strains detected. However, this
could not be done as the targeted gene, K1 could not be amplified in the tissues analysed. This
may be attributed to formalin fixation which is known to fragment DNA into variable sizes,

thereby making amplification of large fragments such as the K1 gene difficult.

Findings in this study cannot be generalised to the whole country because of the small sample

size used.

4.4 Future Directions

Investigations described in this study warrant future research. With the potential that HHV-8
infections are associated with HIV infection, and other opportunistic infections, it would be
important to collect data for these infections. This can be achieved by conducting a prospective
study so that clinical information is collected just as the patients report to the hospital. This
would help in correlating HHV-8 infections with HIV, and would help in determining whether

KS cases in Zambia are AIDS- associated, endemic or iatrogenic.

It would also be of interest to genotype HHV-8, and this can be achieved by amplifying the viral

hypervariable region, K1 gene. This would provide insights into the different subtypes of HHV-8
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circulating in Zambia, as such information would be important for informing future vaccine

design for HHV-8 infections.

32



5.0 References

Ahmed, A. and Muktar, H.M. (2011). Epidemiology and Treatment of Kaposi’s Sarcoma in
HIV-1 Infected Individuals in a Poor Resource Setting. Global View of HIV Infection, ISBN:
978-953-307-671-3.

Ahmed, A., Muktar, H.M. and Bugaje, M.A. (2013). Epidemiological and Clinical Features of
AIDS- Associated Kaposi’s Sarcoma in Northern Nigeria. Journal of Infectious Diseases, 3: 29-
34.

Andreoni, M., Sarmati, L. and Nicastri, E. (2002). Primary human herpesvirus 8 infection in
immunocompetent children. Journal of the American Medical Association, 287:1295-300.

Asuquo, M., Ogunkeyede, A., Bassey, E. and Ebughe, G. (2008). Kaposis sarcoma: changing
trend in Calabar, South Eastern Nigeria. Annals of African Medicine, 7: 98-101

Ashish,U., Keith, M, S. and Donald W. N. (2007). Pegylated liposomal doxorubicin in the
treatment of AIDS-related Kaposi’s sarcoma. International Journal of Nanomedicine, 2: 345-
352.

Avey, D., Brewers, B. and Zhu, F. (2015). Recent advances in the study of kaposi’s sarcoma-
associated herpesvirus replication and pathogensis. Virologica Sinica, 30: 130-145

Azadmanesh, K., Norouzfar, Z. S., Sohrabi, A., Safarie-Naraghi, Z., Moradi, A., Yaghmaei, P.,
Naraghi, M. M., Arashkia, A. and Eslamifar, A. (2012). Characterisation of Human Herpes Virus
8 genotypes in kaposi’s sarcoma patients in Tehran, Iran. International Journal of Molecular
Epidemiology and Genetics, 3: 144- 152,

Bhutani, M., Polizzotto, M.N., Uldrick T.S. and Yarchoan, R. (2015). Kaposi Sarcoma-
Associated Herpesvirus-Associated Malignancies: Epidemiology, Pathogenesis, and Advances in
Treatment. Seminars in Oncology, 42: 223-246.

Betsem,E.,Cassar,0., Afonso,P.V., Fontanet,A., Froment,A. and Gessain, A (2014).
Epidemiology and Genetic Variability of HHV-8/KSHV in Pygmy and Bantu Populations in
Cameroon. Plos Neglected Tropical Diseases. 8: e2851.

Biggar, R.J., Whitby, D., Marshall, V., Linhares, A.C. and Black, F. (2000). Human Herpesvirus
8 in Brazilian Amerindians: a Hyperendemic population with a new subtype. Journal of
Infectious Disease, 18:1562-1568.

Borbolla, A., Ottinger, M and Shulz, M. (2004). Human herpes Virus 8: Biology and Role in the
Pathogenesis of Kaposi’s Sarcoma and Other AIDS-Related Malignancies. Current HIV/AIDS
Reports, 1:5-11.

33


http://www.ncbi.nlm.nih.gov/pubmed/?term=Yarchoan%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25843728
file://pubmed
file://pubmed
file://pubmed
file://pubmed
file://pubmed
file://pubmed

Butler, M.L., Were, A.W., Balinandi, S., Downing, R., Dollard, S., Neilands, B.T., Gupta, S.,
Rutherford, W.G. and Mermin, J. (2011). Human Herpes Virus 8 in Children and Adults in a
Population Based Study in Rural Nigeria. The Journal of Infectious Diseases, 203:625-634.

Cai, Q., Verma, S.C., Lu, J., Robertson. andE.S. (2010). Molecular biology of Kaposi’s sarcoma-
associated herpesvirus and related oncogenesis. Advances in Virus Research, 78: 87-142.

Castillo, J. J. (2009). [Online] From Experiment Resources: http://www.experiment
resources.com/systematic-sampling.html#ixzz26 AHmM5XtR (Last accessed 9 February 2014).

Chakraborty, S., Veettil, M.V. and Chandran B. (2012). Kaposi’s sarcoma associated herpesvirus
entry into target cells. Frontiers in Microbiology, 3: 1-13.

Chandran B. (2010). Early events in Kaposi’s sarcoma-associated herpesvirus infection of target
cells. Journal of Virology, 84: 2188-2199.

Chintu ,C., Athale, U.H and Patil, P.S.(1995). Childhood cancers in Zambia before and after the
HIV epidemic. Archival Diseases in Child, 73:100-104

Cooley ,T., Henry, D., Tonda, M., Sun, S., O’Connell, M and Rackoff , W. (2007). A
Randomized, Double-Blind Study of Pegylated Liposomal Doxorubicin for the Treatment
of AIDS-Related Kaposi’s sarcoma. Oncologist, 12:114-123.

Crabtree, K.L (2013). The Epidemiology of Human Herpes Virus-8: Transmission of Infection to
Children in Zambian Households. Dissertation presented in partial fulfilment of the requirements
for the Degree of Doctor of philosophy, University of Nebraska. Dissertations and Theses in
Biological Sciences, 1:53-60.

Crossman, A. (2012). Systematic sample. http://sociology.about.com/od/Types -of-
Samples/a/Systematic-samp.

Cunha, A.M.G., Caterino-de-Araujo, A., Costa, S.C.B., Santos-Fortuna, E., Boa-Sorte, N.C.A.,
Goncalves, M.C., Costa, F.F. and Galvao-Castro, B. (2005). Increasing seroprevalence of
Human herpesvirus 8(HHV-8) with age confirms HHV-8 endemicity in Amazon Amerindians
from Brazil. Journal of General Virology, 88: 2433-2437.

Dal Maso, L., Polesel, J., Serraino, D., Lise M, Piselli P, FalciniFRusso A, Intrieri T, Vercelli M,
Zambon P, Tagliabue G, Zanetti R, Federico M, Limina RM, Mangone L, De LV, Stracci F,
Ferretti S, Piffer S, Budroni M, Donato A, Giacomin A, Bellu F, Fusco M, Madeddu A, Vitarelli
S, Tessandori R, Tumino R, Suligoi B, Franceschi S. (2009). Pattern of cancer risk in persons
with AIDS in Italy in the HAART era. British Journal of Cancer, 100: 840-847.

34



Dittmer, D.P., Richards, K.L. and Damania, B. (2012).Treatment of Kaposi’s sarcoma-associated
herpesvirus-associated cancers. Frontiers in Microbiology, 3: 1-8.

Dollard, S.C., Butler, L.M. and Jones, A.M. (2010). Substantial regional differences in human
herpesvirus 8 seroprevalence in sub-Saharan Africa: insights on the origin of the “Kaposi’s
sarcoma belt”. .International Journal of Cancer, 127: 2395-401.

Douglas, J.L., Gustin, J.K., Dezube, B., Pantanowitz., J.L. and Moses, A.V. (2007). Kaposi's
sarcoma: a model of both malignancy and chronic inflammation. PanminervaMedica, 49: 119—
138

Edelman, D.C, (2005). Human Herpes Virus 8- A Novel Pathogen. Virology Journal, 2: 78-80.

Eltom, M.A., Jemal, A., Mbulaiteye, S.M., Devesa, S.S and Biggar, R.J. (2002). Trends in
Kaposi's sarcoma and non-Hodgkin's lymphoma incidence in the United States from 1973
through 1998. Journal of National Cancer Institute, 94:1204-10.

Endo,T., Miura, T., Koibuchi, T and Nakamura H. (2003). Molecular analysis of Human Herpes
virus 8 by using single nucleotide polymorphisms in open reading frame 26. Journal of Clinical
Microbiology, 41:2492- 2497.

Engels, E.A., Pfeiffer, R.M and Goedert, J.J (2006). Trends in cancer risk among people with
AIDS in the United States 1980-2002. Aquired Immune Deficiency Syndrome, 20: 1645-1654

Fouchard, N., Lacoste, V., Couppie, P., Develoux, M., Mauclere, P and Michels, P. (2000).
Detection and genetic polymorphism of human herpes virus 8 in endemic or epidermickaposi’s
sarcoma from West and Central Africa, and South America. International Journal of Cancer, 85:
166-170.

Franceschi, S., Maso, L.D., Rickenbach, M., Polesel J., Hirschel, B., Cavassini, M., Bordoni, A.,
Elzi, L., Ess, S., Jundt, G., Mueller, N and Clifford, G.M. (2008). Kaposi’s sarcoma incidence in
the Swiss HIV cohort study before and after highly active antiretroviral therapy. British Journal
of Cancer, 99: 800-804.

Ganem, D. (2010). KSHV and the pathogenesis of Kaposi’s sarcoma: listening to human biology
and medicine. The Journal of Clinical Investigation, 120: 939-949.

Ghaninejad H, Ehsani AH, Ghiasi M, Noormohammadpour P, Najafi E, Naderi G, Ganji M,
Mirnezami M, Nezami R, Kiani P. (2009). Benign and malignant skin lesions in renal transplant
recipients. Indian Journal of Dermatolology, 54:247-250.

Gramolelli, S. and Schulz, T.F. (2015).The role of Kaposi sarcoma-associated herpesvirusin the
pathogenesis of Kaposi sarcoma. Journal of Pathology, 235: 368-380.

35



Hong, Y.K., Foreman, K. and Shin, J.W. (2004). Lymphatic reprogramming of blood vascular
endothelium by Kaposi‘s sarcoma-associated herpesvirus. Natural Genetics, 36:683-685.

Hudnall ,S.D (2004). Crazy 8: unraveling human herpesvirus 8 seroprevalence. Clinical
Infectious Diseases, 39:1059-1061.

Iscovich, J., P. Boffetta, S. Franceschi, E. Azizi, and R. Sarid.(2013). Classic Kaposi sarcoma.
Cancer, 88:500-517.

Israel, G. D. (2013). Determining sample size: http://edis.ifas.ufl.edu (last accessed 31
September 2015)

Jalilvand, S., Shoja, Z., Mokhtari-Azad, T., Nategh, R and Gharehbaghian, A. (2011).
Seroprevalence of human herpesvirus 8 (HHV-8) and incidence of kaposi’s sarcoma in Iran.
Infectious Agents and Cancer, 6: 5-14

Johnston, C, Orem, J., Okuku, M., Kalinaki, M., Saracino, M., Katongole-Mbidde, E., Sande,
M., Ronald, A., McAdam, K., Huang, M., Drolette, L., Selke, S., Wald, A. (2009). Impact of
HIV Infection and Kaposi’s Sarcoma on Human Herpes Virus Mucosal Replication and
Dissemination in Uganda. Plos One, 4: 152-156.

Koon, H.B., Fingleton, B. and Lee, J.Y. (2011). Phase 1l AIDS Malignancy Consortium trial of
Topical halofuginone in AIDS-related Kaposi sarcoma. Journal of Acquired Immune Deficiency
Syndrome, 56:64-68.

Kouri, V., Martinez, P. v., Blanco, O Capd, V., Rodriguez, M.E., Dovigny, M.D.C.,Cardella,
L., Gala, A., Jiménez, N.A., Correa, C., Aleman,Y., Pérez, L Alvarez, A. and Hengge, U.
(2012). Simultaneous quantification of human herpesvirus 8 DNA by real time PCR in different
tissues of HIV infected cuban patients with Kaposi’s sarcoma. Herpesviridae, 1:3.

Krown, S.E. (2004). Highly active antiretroviral therapy in AIDS-associated Kaposi’s sarcoma:
Implications for the design of therapeutic trials in patients with advanced, symptomatic Kaposi’s
sarcoma. Journal of Clinical Oncology, 22: 399-402.

Krown, S.E. (2006). Clinical characteristics of Kaposi’s sarcoma. HIV In Site Knowledge Base
Chapter.

Kumar, P., Nithal, Y.,Kuwal.,Minhas,V., Marimo, C., Shea, D.M., Kankasa, C. and Wood, C.
(2013). Higher Levels of Neutralizing Antibodies against KSHV in KS Patients Compared to
Asymptomatic Individuals from Zambia. Plos One, 8: e71254.

LaDuca, J. R., Love, J.R.,Abbott, L.Z., Dube, S., Freidman-Kien, A.E. and Poiesz, B.J.
(1998). Detection of Human Herpesvirus 8 DNA Sequences in Tissues and Bodily Fluids.
Division of Haematology and Oncology, 178: 1610-1615.

36


http://edis.ifas.ufl.edu/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jalilvand%20S%5Bauth%5D

Ledo, J.C., Caterino-de-Araujo, A., Porter, S.R. and Scully, C. (2002). Human herpesvirus 8
(HHV-8) and the actiopathogenesis of Kaposi’s sarcoma. Revistado Hospito Clinicas, 57:175-86.

Lyubomir, A.D, Dourmishev A.L and Palmeri D. (2010). Molecular genetics of Kaposi’s
sarcoma associated virus (Human Herpes virus 8) Epidemiology and Pathogenesis. Microbiology
and Molecular Biology Reviews, 67: 175-212.

Luppi ,M., Barozzi ,P., Schulz, T.F., Trovato, R., Donelli, A., Narni ,F., Sheldon ,J., Marasca, R
and Torelli G (2000). Non-malignant disease associated with human herpesvirus 8 reactivation in
patients who have undergone autologous peripheral blood stem cell transplantation. Blood, 96:
2355-2357.

Machado, P.R.L.,Farias, K.J.S., Pereira, M.G.M., Freitas, P.P.S, and Fonseca, B.A.L. (2014).
Human herpesvirus 8 (HHV-8) detected by nested polymerase chain reaction (PCR) in HIV
patients with or without Kaposi’s sarcoma. An analytic cross-sectional study. Sao Paulo Medical
Journal, 10: 1590.

Makombe ,S.D., Harries, A.D and Kwong-Leung Yu. J. (2008). Outcomes of patients with
Kaposi’s sarcoma who start antiretroviral therapy under routine programme conditions in
Malawi. Tropical Medicine, 38: 5-7.

Mancuso, R.,Brambilla, L.,Agostini, S., Biffi,R., Hernis, A., Guerini, F.R.,Agliardi, C., Tourlaki,
A., Bellinvia, M.and Clerici, M. (2011). Intrafamiliar transmission of Kaposi’s sarcoma
associated herpesvirus and seronegative infection in family members of classic Kaposi’s sarcoma
patients. Journal of General Virology, 92: 744-751.

Marimo, C. (2010). Epidemiology of Oral Kaposi’s Sarcoma in Zimbabwe 1988-1997: A
Population- Based Study. Medical Journal of Zambia, 37: 11-17.

Martellotta, F., Berretta, M., Vaccher, E., Schioppa, O., Zanet, E and Tirelli, U. (2009). AIDS-
related Kaposi's sarcoma: state of the art and therapeutic strategies. Current HIV Results, 7: 634-
638.

Martinez, P. A., Kouri V., Blanco, O., Capo, V., Abad, Y., Aleman, Y., Verdasquera, D.,
Jiménez, N., Caballero, I., Fleites, G., Ugarte, Y., Calderén, O., Alvarez, A. and Ulrich, H.
(2013). World Journal of Aquired Immune Deficiency Syndrome, 3: 221-230.

Martin-Carbonero .L., Barrios, A and Saballs, P. (2004). Pegylated liposomal doxorubicin plus
highly active antiretroviral therapy versus highly active antiretroviral therapyalone in HIV
patients with Kaposi’s sarcoma. Aquired Immune Deficiency syndrome, 18: 1737-1740.

Maskew, M., MacPhail, A.P., Whitby, D., Egger, M., Wallis, C.L and Fox, M.P.(2011).
Prevalence and predictors of Kaposi’s sarcoma herpes virus seropositivity: a cross- sectional

37



analysis of HIV- infected adults initiating ART in Johannesburg, South Africa. Infectious Agents
and Cancer, 6: 22-28

Mbulaiteye, S.M., Parkin,D.M and Rabkin,C.S. (2003). Epidemiology of AIDS-related
malignancies an international perspective. Hematology/Oncology Clinics, 17: 673-696.

Mbulaiteye, S.M., Pfeiffer, R.M and Whitby D. (2004). Human herpes virus 8 infection within
families in rural Tanzania. Journal of Infectious Diseases, 187:1780-1785.

Mc Laughlin, D. M and Munger, K. (2008). Viruses associated with Human Cancer. Bochime
Biophys Acta, 1782: 127-150.

Mendez, J.C., Procop, G.W., Espy, M.J., Paya, C.V. and Smith, T.F. (1998). Detection and
Semiquantitative Analysis of Human Herpesvirus 8 DNA in Specimens from Patients with
Kaposi’s Sarcom. Journal of Clinical Microbiology, 36: 2220-2222.

Minhas, V., Crabtree, K.L., Chao, A., Wojcicki, J.M., Sifuniso, A.M., Nkonde, C., Kankasa,C.,
Mitchell, C.D and Wood, C. (2011). The Zambia children’s KS-HHV8 Study: Rationale, Study
design and Study methods. American Journal of Epidemiology, 10: 1093-1095.

Mocroft, A., Kirk, O., Clumeck, N., Gargalianos-Kakolyris, P and Trocha H, Chentsova N.
(2004). The changing pattern of Kaposi’s sarcoma in patients with HIV, 1994-2003. The
EuroSIDA Study, 100: 2644-2654.

Mosam, A., Hurkchand, H.P., Cassol, E., Page, T., Cassol, S and Bodasing, U. (2008).
Characteristics of HIV-1-associated Kaposi’s sarcoma among women and men in South Africa.
International Journal of Cancer, 19: 400-405.

Mwakigonja, R.M., Pyakurel, P., Kokhaei, Pak, F., Lema, K.L., Kaaya, E.E and Biberfeld, P.
(2008). Herpes Virus 8 Sero- detection and HIV association in Kaposi’s Sarcoma and non-
Kaposi’s Sarcoma Tumours and non-Neoplastic conditions. Infectious Agents and Cancer, 3:10-
12.

Nascimento, M.C.,Wilder, N., Pannuti, C.S., Weiss HA and Mayaud P. (2009). Molecular
characterisation of kaposi’s sarcoma associated herpesvirus (KSHV) from patients with AIDS-
associated kaposi’s sarcoma in Sao Paulo, Brazil. Journal of Clinical Virology, 33: 52-59.

Newton, R. (2003). The sero-epidemiology of Kaposi's sarcoma-associated herpesvirus
(KSHV/HHV-8) in adults with cancer in Uganda. International Journal of Cancer, 103: 226-32.

Olp, L.N., Shea, D.M., White, M.K., Gondwe, C., Kankasa, C and Wood C. (2013). Early
childhood infection of kaposi’s sarcoma associated herpesvirus in Zambian households: A
molecular analysis. International Journal of Cancer, 132: 1182-1190.

38


http://www.ncbi.nlm.nih.gov/pubmed?term=Wilder%20N%5BAuthor%5D&cauthor=true&cauthor_uid=15797365
http://www.ncbi.nlm.nih.gov/pubmed?term=Pannuti%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=15797365
http://www.ncbi.nlm.nih.gov/pubmed?term=Weiss%20HA%5BAuthor%5D&cauthor=true&cauthor_uid=15797365
http://www.ncbi.nlm.nih.gov/pubmed?term=Mayaud%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15797365

Onunu, A.N., Okoduwa, C., Eze, E.U., Adeyekun, A.A., Kubeyinje, E.P and Schwartz,R.A.
(2007). Kaposi’s sarcoma in Nigeria. International Journal of Dermatology, 46: 264- 267.

Orenstein, J.M. (2008). Ultrastructure of Kaposi’s sarcoma. Ultrastructural Pathology, 32: 211-
220.

Ouyang, X., Zeng, Y., Fu, B., Wang, X., Chen, W., Fang, Y., Luo, M. and Wang, L. (2014).
Genotypic Analysis of Kaposi’s Sarcoma-Associated Herpesvirus from Patients with Kaposi’s
Sarcoma in Xinjiang, China. Viruses, 6: 4800-4810.

Parkin DM, Sitas F, Chirenje M, Stein L, Abratt R, Wabinga H. (2008). Cancer in Indigenous
Africans—burden, distribution, and trends. Lancet Oncology, 9:683-692.

Pantanowitz, L., Moses, A.V. and Dezube, B.J. (2009). The inflammatory component of Kaposi
sarcoma. Exerimental and Molecular Pathology. 2009, 87:163-165.

Phipps, W., Ssewankambo, F., Nguyen, H., Saracino, M., Wald, A., Corey, L., Orem, J.,
Kambugu, A. and Casper, C. (2010).Gender Differences in Clinical Presentation and Outcomes
of Epidemic Kaposi Sarcoma in Uganda. Plos One, 5 (11): e13936.

Raab-Traub, N. (2012). Novel mechanisms of EBV-induced oncogenesis. Current Opinion in
Virology, 2: 453-458.

Radu, R. and Pantanowitz. (2013). Kaposi’s sarcoma. Archives of Pathology and Laboratory
Medicine, 137: 289-294.

Reed, J.A., Nador, R.G., Splaulding, D., Tani, Y., Casarman, E and Knowles, D.M. (1998).
Demonstration of Kaposi’s sarcoma-associated herpes virus cyclin D homology in cutaneous
Kaposi’s sarcoma by colorimetric in-situ hybridiation using a catalysed signal amplification
system. Blood, 91: 3825-3832

Rohner, E., Valeri ,F., Maskew, M., Prozesky, H., Rabie, H., Garone, D., Dickinson, D.,
Chimbetete, C., Lumano-Mulenga, P., Sikazwe, 1., Wyss, N., Clough-Gorr, K.M., Egger, M.,
Chi, B.H. andBohlius J. (2014). Incidence rate of Kaposi sarcoma in HIV-infected patients on
antiretroviral therapy in Southern Africa: a prospective multicohort study. Journey of Aquired
Immune Deficiency Syndrome, 67: 547-554.

Ramos-da-silva, S.,Elgui-de-Oliveira, D., Borges, L. and Bacchi, C.E. (2006). Kaposi’s sarcoma-

associatedherpesvirus infection and Kaposi’s sarcoma in Brazil. Brazilian Journal of Medical
and Biological Research, 39: 573-580.

39


http://www.ncbi.nlm.nih.gov/pubmed/?term=Rohner%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25393941
http://www.ncbi.nlm.nih.gov/pubmed/?term=Valeri%20F%5BAuthor%5D&cauthor=true&cauthor_uid=25393941
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maskew%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25393941
http://www.ncbi.nlm.nih.gov/pubmed/?term=Prozesky%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25393941
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rabie%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25393941
http://www.ncbi.nlm.nih.gov/pubmed/?term=Garone%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25393941
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dickinson%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25393941
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chimbetete%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25393941
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lumano-Mulenga%20P%5BAuthor%5D&cauthor=true&cauthor_uid=25393941
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sikazwe%20I%5BAuthor%5D&cauthor=true&cauthor_uid=25393941
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wyss%20N%5BAuthor%5D&cauthor=true&cauthor_uid=25393941
http://www.ncbi.nlm.nih.gov/pubmed/?term=Clough-Gorr%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=25393941
http://www.ncbi.nlm.nih.gov/pubmed/?term=Egger%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25393941
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chi%20BH%5BAuthor%5D&cauthor=true&cauthor_uid=25393941
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bohlius%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25393941

Ryan, P., Aarons, S., Murray, D., Markham, T O'Sullivan, S F Lyons, F., Lee, G. and
Fitzgibbon, J (2002). Human herpesvirus 8 (HHV-8) detected in two patients with Kaposi's
sarcoma-like pyogenic granuloma. Journal of Clinical Pathology, 55: 619-622.

Sasco, A.J., Jaquet, A and Boidin, E. (2010). The Challenge of AIDS-related malignancies in
sub-Saharan Africa. Plos One, 5: 6-8.

Speicher, D.J and Johnson, N.W. (2012).Detection of human herpesvirus 8 by quantitative
polymerase chain reaction: development and standardisation of methods. BioMed central
Infectious Diseases, 12: 210.

Speicher, D.J Peter Wanzala, P., D’Lima, M., Njiru, A., Chindia, M., Dimba, E. and Johnson,
N.W. (2015). Diagnostic challenges of oral and cutaneous Kaposi’s sarcoma in resource
constrained settings. Journal of Oral Pathology and Medicine, 10: 1-8.

Stefan, D.C., Stones, D.K., Wainwright, L. and Newton, R. (2011). Kaposi sarcoma in South
African children. Paediatric Blood Cancer, 56:392-398.

Stein, L., Urban, M.I. and O’Connell, D. (2008). The Spectrum of Human Immunodeficiency
Virus-associated Cancers in a South African Black Population: Results from a Case Control
Study, 1995-2004. International Journal of Cancer, 122: 2260-2265.

Sunil, M., Reid., E. and Lechowicz, M.J. (2010). Update on HHV-8 malignancies. Current
Infectious Disease Reports, 12: 147-154.

Tornesello, M.L., Biryahwaho, B., Downing, R., Hatzakis, A., Alessi, E., Cusini, M., Ruocco,
V., Katongole-Mbidde, E., Loquercio, G., Buonaguro, L. and Buonaguro, F.M. (2010). Human
herpesvirus type 8 variants circulating in Europe, Africa and North America in classic, endemic
and epidemic Kaposi's sarcoma lesions during pre-AIDS and AIDS era. Journal of Virology,
398: 280-289.

Tumwine, L., Orem, J., Kerchan, P., Byarugaba, W. and Pileri, S. (2010). EBV, HHV-8 and HIVV
in B cell non Hodgkin Lymphoma in Kampala, Uganda. Infectious Agents and Cancer, 5: 1-7.

Tumwine, L.K., Lalitha, R., Agostinelli, C.,Luzige, S., Orem, J., Piccaluga, P.P., Osuwat, L.O.
and Pileri, S.A. (2011). Primary effusion lymphoma associated with Human Herpes Virus-8 and
Epstein Barr virus in an HIV-infected woman from Kampala, Uganda: a case report. Journal of
Medical Case Reports. 5: 16.

Valdarchi, C., Serraino, D., Cordiali, F.P., Castilletti, C., Trento, E., Farchi, F. and Rezza, G.

(2007). Demographic indicators and risk of infection with human herpesvirus type 8 in Central
Italy. Infectious Agents and Cancer, 35:22-25.

40


http://www.ncbi.nlm.nih.gov/pubmed/?term=Ryan%20P%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aarons%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Murray%20D%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Markham%20T%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Sullivan%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lyons%20F%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20G%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fitzgibbon%20J%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fitzgibbon%20J%5Bauth%5D
http://www.uptodate.com/contents/aids-related-kaposi-sarcoma-clinical-manifestations-and-diagnosis/abstract/3
http://www.uptodate.com/contents/aids-related-kaposi-sarcoma-clinical-manifestations-and-diagnosis/abstract/3

Veettil, M.V., Bandyopadhyay, C., Dutta, D. and Chandran, B. (2014). Interaction of KSHV
with Host Cell Surface Receptors and Cell Entry. Viruses, 6: 4024-4046.

Vincenzi, B., D’Onoftrio, L., Frezza, A.M., Grasso, R.F., Fausti, V., Santini, D., Tos, A.P.D. and
Tonini, G. (2015). Classic Kaposi Sarcoma: to treat or not to treat?. BioMed Central Research
Notes, 8: 138.

Whitby. D., Marshall, V.A., Bagni, R.K., Wang C.D., Gamache, C.J., Guzman J.R., Kron, M.,
Ebbesen, P. and Biggar, R.J. (2008). Genotypic characterization of Kaposi's sarcoma-associated
herpesvirus in asymptomatic infected subjects from isolated populations. Journal of General
Virology, 85:155-163.

White, T., Hagen, M. and Gudza I. (2008). Genetic diversity of the Kaposi’s sarcoma
herpesvirus K1 protein in AIDS-KS in Zimbabwe. Journal of Clinical Virology, 42: 165-71

Zhang D, Pu X, Wu W, Jin Y, Juhear M, Wu X. C (2008). Genotypic analysis on the ORF-K1
gene of Human Herpes Virus 8 from patients with Kaposi’s sarcoma Xijiang, China. Journal of
Genetics and Genomics, 35:657-663.

Zhang, T., Shao, X., Chen, T., Zhang, T. and Minhas, V. (2012). Human herpes virus 8
seorprevalence, China. Emerging Infectious Diseases, 18: 150-152.

Zong, J., Kajumbula, H., Boto, W. and Hayward, G.S. (2007). Evaluation of Global Clustering
Patterns and Strain Variation over an Extended ORF26 Gene Locus from Kaposi’s Sarcoma
Herpesvirus, Journal of Clinical Virology, 40: 19-25.

41



Appendices

Appendix I: Ethics Approval Letter

THE UNIVERSITY OF ZAMBIA

BIOMEDICAL RESEARCH ETHICS COMMITTEE

Telephone: 260-1-256067 Ridgeway Campus
Telegrams: UNZA, LUSAKA P.O. Box 50110
Telex: UNZALU ZA 44370 Lusaka, Zambia

Fax: + 260-1-250753

E-mail: unzarec@unza.zm

Assurance No. FWA00000338
IRB00001131 of IORG0000774

8™ April, 2014.
Our Ref: 002-04-14/B.

Ms. Rabecca Tembo,

University of Zambia,

School of Medicine,

Department of Pathology and Microbiology,
P.O Box 50110,

Lusaka.

Dear Ms. Tembo.

RE: SUBMITTED RESEARCH PROPOSAL: “MOLECULAR CHARACTERISATION OF HUMAN
HERPES VIRUS 8 IN KAPOSI’'S SARCOMA TISSUES AT THE UNIVERSITY TEACHING
HOSPITAL, LUSAKA”

(REF. NO. 002-04-14/B)

The above-mentioned research proposal was presented to the Biomedical Research Ethics Committee on
18™ March, 2014. The proposal is approved.

CONDITIONS:

e  This approval is based strictly on your submitted proposal. Should there be need for you to modify or change
the study design or methodology, you will need to seek clearance from the Research Ethics Committee.

e Ifyou have need for further clarification please consult this office. Please note that it is mandatory that you
submit a detailed progress report of your study to this Committee every six months and a final copy of your
report at the end of the study.

e Any serious adverse events must be reported at once to this Committee.

e Please note that when your approval expires you may need to request for renewal. The request should be
accompanied by a Progress Report (Progress Report Forms can be obtained from the Secretariat).

e Ensure that a final copy of the results is submitted to this Committee.

Yours sincerely,

/( Dr.!C i
- CHATRPERSON

Date of approval: gt April, 2014. Date of expiry: 7" April, 2015.
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Appendix I1: Reagents

10x TBE buffer

108g of Tris
559 Boric acid
7.5g EDTA

Up to 1000ml of distilled water

1xXTBE buffer

1 volume of 10x TBE buffer

Agarose Gel (1.5%)

1.5 g of agarose powder

1x TBE buffer

Dissolve 1.5g of agarose powder in 100ml of 1x TBE buffer. Heat the mixture until all the
agarose powder dissolves. Allow to cool for your skin to tolerate the heat, and then pour into an

appropriate tray used during gel electrophoresis.
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