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ABSTRACT

Endemic Burkitt’s lymphoma is a polymicrobial childhood cancer disease mainly
associated with EBV and plasmodium falciparum infections whose combined effects
profoundly affect the B cell compartment. The exact role of these microbes in Burkitt’s
lymphoma pathogenesis as well as other EBV associated malignancies is not well
understood. Genetic polymorphisms have led to the identification of EBV type 1 and 2

- which may be specifically associated with some virus positive tumors. EBV strain
prevalence and the effect of malaria infections on EBV specific immune T cell responses
in children at risk for BL in malaria holoendemic areas have not been studied. This study
determined the prevalence of EBV type 1 and type 2, malaria infection prevalence and
interferon gamma T cell responses in children and their mothers from BL ‘hot’ and ‘cold’
spots. Since EBV can be detected in both saliva and blood, this study compared the
differences in virus types between these compartments as well. In a cross sectional study
design, samples were collected from 58 Burkitt’s lymphoma cold spot area participants
and 37 Burkitt’s lymphoma hot spot area participants. DNA was extracted. from
peripheral blood and saliva and PCR amplification was done on all samples. PCR
primers were used to amplify a region of the EBNA3C gene that can distinguish between
the two strains based on the base pairs of the PCR product. EBV type 1 and 2 were

~ identified based on length differences within the EBNA3C gene. Malaria infections were
also determined by blood smears and compared with EBV infections and specific T cell
responses from ELISPOT assays. EBV DNA was detected in 94.6% of the hot spot area
samples and 86.2% of the cold spot area samples. 75.15% of the participants had EBV in
blood compared to 66.1% in saliva. EBV type 1 and 2 multiple infections were detected
in 94.6% of the hot spot area participants compared to 51.7% of the cold spot area
participants. Single type 1 and type 2 EBV infections were detected at low frequencies in
the cold spot area. Comparison of the type of EBV found in mothers and children showed
only 61.5% match in blood and saliva all being typel and 2 multiple infections. In the

- cold spot area, 38.1% had matching strains in saliva and 57.1 in blood. 37.5% had type 1
single infections, 25% type 2 single infections, and 37.5% type 1 and 2 multiple
infections in saliva. On the other hand, in the hot spot samples, 8.3% had type 1 single
infections, 8.3% had type 2 single infections and 83.3% type 1 and 2 multiple infections.
Chi-square analysis at P<0.05 showed significantly high detection of EBV DNA in the
hot spot area samples compared to the cold spot area samples. Type 1 and 2 co-infections
were predominant in the hot spot blood and saliva samples. A high percentage of children

~from both study sites were co-infected with both EBV type 1 and 2. A high proportion of
“mother-child pairs had matching EBV types in both blood and saliva compared to the hot
spot (P< 0.05). Malaria infection prevalence was relatively high in the hot spot area
compared to the cold spot area. EBV specific T cell responses were reduced in the
malaria infected individuals compared to the uninfected individuals. This study concludes

~ that EBV type 1 and 2 co-infections are highly prevalent in the malaria holoendemic
region with high BL incidence rates and there is uniform EBV type transmission from the
“mothers to their children. EBV type distribution was not however dependent on the

- prevalence of malaria. EBV specific T cell immune responses tent to be suppressed by

malaria infections.
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CHAPTER ONE: GENiL‘RAL INTRODUCTION

1.1 Background Information

Burkitt’s lymphoma (BL) is a highly malignant B cell tu\.mor first described in
Uganda by a medical physician called Dennis Burkitt n 1958?Burkirt, 1983). This
cancer is classified according to cliniczﬂ é}?mptoms as endemic, sporadic and acquired
immunodeficiency syndrome related. Endemic BL (eBL) occurs exclusively in Affica,
sporadic BL. comprises 20-30% of non Hodgkin’s lymphoma in children of developed
countries, while the AIDS related BL accounts'f(.)r the 30% of all I—IIV-qssociated
lymphomas (Mwanda et al., 2005).

There is growing evidence that endemic Burkitt’s lymphoma is a polymicrobial
disease (Chéne et al., 2007). This tumour is commonly associated with Epstein Barr
Virus (EBV) and Plasmodium falciparum infections whose combined effects
profoundly 'aﬂ’eét- the B cell. c0mpartﬁxeﬁt (Rasti er al., 2005). A récent study by .
Moorman and 6olleag1i&e has shown that eBL ié the mdst common EBV associated-
cancer in areas with holoendemic malaria transmissibn (Moormann ef al., 2007). |

EBV is a gamma herpes virus that nfects and latently persists in over 90% of

the human populatiqﬁ 'worldwi-de., Primary  infection occurs shb-cliniéally during
childhood upon EBV transmissioﬂ horizonially through salivary contact during kissing
or sharing of feeding utensils. (Slots et al., 2006). Other modes of EBV transmissipn
‘include sexual intercourse, where the viruses have been demonstrated in the male and
female genital secretions (Leigh and Nyirjesy, 2009), blood transfusion, (Kuhn, 2000;
Alfieri et al, 1996),_ Aorg.an-transplants (I{osﬁida -et al., 2001) .and through the 'urogenit.al
during delivery (Le&'gh and Nyirjesy, 2009)

In Equatorial Africa, primary EBV infections occur in young infants < 3 yéars

old with a developing immune system following a decrease of maternal antibody levels
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( Henle, et al., 1978). Most infeétiéné are asymptomatic or mild and go unnoticed, but
in young adults typicél symptoms of sore thréat, fever, swoller; glands, and fatigue
appear in.some cases and last for weeks or months. In symptomatic infections, eBL
‘manifest as disfiguring enlargements of the jaw, cheeks and the abdomen at the age of
5-10 years old (Mwanda et al, 2004).. EBV is associated ‘;With various other
malignancies including Hodgkin’s lymphoma, nasopharyngeal carcinoma, and several
other lymphomas caused by general immune suppression like those associated with
AIDS (MacArthur and Farrell, 2007).

EBV entry into target cells results in lytic or latent infection (Cohen, 2000). In
the lytic infection, the viral structural genes are all tfanscribed, which leads to virions
production and results in lysis of host cells. Latent infect_idn is predominahtly non-
broductive and characterized by expression of six EBV determined nuclear antigen
genes ie. (EBNAL, EBNA2, EBNA3A, EBNA3B, EBNA3C, and EBNA-LP); three
latent membrane protein genes LMP1, 2A,; and 2B, BamHIA rightward transcripts, and
two abundant EBV-encoded non-polyadenylated RNAs (EBER! and 'EBERZ) (Cohen,
2000). This full pattern of gené expression is expressed in type III latency. In EBV-
associated rﬁalignancies, latent gene expréssion is often more restrictéd (Cohen, 2000).
Endemic Burkitt’s lymphoma exbresses EBERs EBNAL, and‘ BamHIA rightward
transcripts, which is defined as type I‘EBV latency.

Plasmodium falciparum infections have been associated with high EBV viral
loads and lyﬁc réactivation in EBV infected asymptomatic individuals .(Chéne etal,
2007). Elevated EBV viral loads have been demonstrated regardless of malaria
intensity. EBV viral loads are stably Ihigh with repeaied eprsure to r_nala.ria infection
and children’n in bbth sporadic and holoendemic transmission regions have ﬁnifdmﬂy
bioh vtal Tomits @ balker and Olwit, 1980; Moormann ef al., 2005).

The immune syétem controls the EBV viral loads by killing the infectéd B cells

and preventing the'spread of the infectious virus thus generally reducing the level of
_ . _ .
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infection. It is unable to eliminate the virus completely hence vir?l shedding in saliv'zt
and virus infected cells persist at low levels apbroximately 1 in 10* to 10° memory B
cells (Babcock et al., 1999).

Allelic polymorphisms in the EBNA2, 3A, 3B, and 3C genes define two broad
types of EBV isolates, typev 1 and 2, which are present at diffe:_r”ent frequencies in
different geographic locations (Gratama et al., 1990). Other_ minor changes within each
virus type, detected by variations in the size of EBNA proteins, define disﬁnct EBV
isolates and these help to trace virus transmission within families (Gratama ‘e:t al,
1990).

| Strain specific variations have been identiﬁedl in EBNAI, BZLF1 and LMPl
LMP1 is quite variable and widely used to iden?ify strain varignts by the presence or
absence of a 30bp deletion in the carboxy-terminus (Edwards et al., 1999). Other
significant changes in the LMP1 coding sequence include the number of 33bp repeats
and the 15bp insertions within the repeats ’(Edwérds et al, 1999). Sub—strainé with
additiénal base-pair changes hzivc beén' found. For exa_:hple, .the B95.8 stfain is
characterized by additional changes at position 266. of the ‘LMPI coding sequence
(Sitki-Green et i, 2003). e |

“This thesis aimed at deter;ﬁjning the prevalence of EBV typé 1 a_nd 2, and their
transmission in mother-child pairs from holoeﬁdenﬂc malaria 't‘ransmissio’n areas With_

varying BL incidence rates.
1.2 Study Rationale

- Primary asymptomatic' EBV I_infections, ﬁwstly associated with endemic
Burkitt’s.lymphoma in African children (Biggar, et al., 1978); are fnainly transmitted
thfough saliva especially when mothers pre—chew food fof the_ir'.c_hildr.en and also
through kissing and sharing eating utensils (Cohen, 2000). Thjs. virus persists in the

lymphoid or epithelial cells within the oral cavity and intermittently reactivates»leading. '
. _



to viral sheddfng'iﬂ the saliva (Cohen, 2000). Recent studies have showr that Kenyan
children 1-4 years old from a holoendemic malaria area have hig}x EBV viral loéds in
their peripheral blood, as compared to children of the same age from an area with
sporadic malaria transmission (Moormann ef al., 2005).

There are two main EBV strains namely EBV type 1 and_type 2 with major
genotypic differences in the expression of their EBNA 3C genes. EBV type 1 is highly
virulent compared to type 2 and it is common in developed countries (Zimber ef al.,
1986). EBV type 2 was first described in Kenya (Yao ef al., 1996). Mixed infections
are common in immuno-compromised individuals (Sculley et al, 1990; Yao et al,
1996). Different EBV type 1 and 2 levels of expression were associated with Hodgkin’s
lymphoma in Kenya (Weinreb et al., 1996).

To gain a better uﬂderstahding of Burﬁtt’s Iymphoma etidlogy, it was necessary to
characterize EBV types and determine their prevalencé and transmission dynamics in

areas with varying BL incidence rates and holoendemic malaria. This study aimed at

* determining P/ malaria prevalence, characterizing the different EBV types based on

variations in the size of EBNA proteins in various DNA isolates obtained from whole
blood and saliva from healthy children and their mothers in BL high and low risk

‘Tegions.

1.3  Problem Statement

"EBV transmission most probably 'oécurs.' from mothers to children.
Transmission of EBV through the saliva occurs at a high efficiency when they pre-
chew food for their children _dufin‘g kissiﬁg or sharing feeding utensils (Slots et al,

}2006). Many of these children livé'as healthy carﬂer§ (asyfnpto_matic population) with
high EBV viral loads in their peripheral blood. while only fow present with Burkitt’s

lymphoma (symptomatic population) within the same 'geographical location (Mwanda
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et al., 2005). Burkitt’s lymphoma is the most common EBV associated cancer in

[§

holoendemic malaria transmission areas (Moormann ef al., 2007) and it’s etiology has

long been associated with EBV and malaria infection (Rasti et al., 2005; Rainey et al.,

2007), but there 1s no uniformity in their case distribution ( Mwanda e? al., 2004). EBV
N

strain characterization and transmission dynamics have not been ‘done in areas with

varying BL incidence rates and holoendemic malaria transmission. This is why this

study was designed to characterize EBV strains in mother child pairs from a malaria

holoendemic region.
1.3  Study Significance

EBV strain verification in mother-child pairs will provide added knowledge in
understanding the etiology of eBL. This knoWlédge will help in designing appropriate
surveillance and preventive interventions aimed at altering BL disease progression to
reduce EBV associated cancer burden world wide. It will further identify knowledge

gaps to be addressed by future researchers.
1.4  General Objective

The general objective of this study aimed at determining the prevalence of EBV
type 1 and 2 and their transmission in rﬁother-child pairs from holoéndeinic malaria
transmissién areas with varying BL iricidenéé rates. Th‘ev effect of maléria infections on
EBYV specific T cell responses were also detemﬁned by Enzyme linked immunospot

(ELISPOT) assay.

1.4.1 Specific Objectives
a) To identify and compare EB_V types in blood and saliva from different
mother-child pairs and males and feméles in the high and low BL risk

regions.
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b) To determine the prevalence-of EBV infect»ion'anfi type distribution in

relation to malaria prevalence in high and low BL risk regions
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'CHAPTER TWO: LITERATURE REVIEW
2.1 Transmission of EBV

Epstein Barr virus is a ubiquitous human gamma-herpes virus that infects more
than 95% of the world’s population (Young and Rickinson, 2004). In éontrast to
sporadic Burkitt’s lymphomé (sBL), eBL is associéted with EBV infection in almost
100% of cases, as evidenced by the presence of EBV in tumb_r cells (Brady et al., 2007)

EBV is mainly transmitted through saliva and mainly infects B cells in the
oropharyngeal epithelium (Slots et al., 2006). Other mbdes of EBV transmission
include sexual intercourse as the virus has been demonstratgd in the male and female

genital secretions (Leigh and Nyirjesy 2009), blood transfusion, organ-transplants

(Alfieri ef al., 1996) and through the urogenital during delivery (Meyohas et al., 1996).
2.2 Epidemiology of EBV infections: Burkitt’s lymphoma.

EBYV infection is said té be one of the Bufkitt’s lymphorﬁa etiological agehts '
besides malaria»infection (Chene ét al., 2009). vEBV infection prevalence differs based
on diﬂ‘erence§ in genetic and enVif_onmehtal exposure ,(Kdriyama et al, 2005),
nutritional statuél (Williams, _1 975) and presence or a'bse‘ncbe‘of disease (Zand_man et aI.;
2009) |

Burkitt’s lymphoma, the m.ost‘ _comfnon EBV associated B-lymphocyte
malignant tumor occum'ng.in children (Mwanda et al., 2004), is endemic in Equatorial
Africa. There are different typés of BL ihéluding; endenﬂc Burkitf’s lymphoma (eBL)
in Africa, sporadic Burkitt’s lymphoma (sBL) in developed 'couﬁtries, and AIDS-
related BL worldwide. Endemic ) Burkitf’s lymphoma (eBL) .distribution is- well
understood in Africa, wheré Burkitt dispovéred the disease’s association with EBV and
traveled throughout the cOntinent visiting hdspitéls and documenting the prevalence of

eBL (Burkitt, 1983). This led to the naming of the region of high incidence in Africa as
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the “lymphoma belt”.- This region extends‘ from West Africa to ‘East Africa between
10° North and South of the Equator and continuée down the eastern coast. Temperature
and humidity were associated with the belt and this lead to the association of BL with
malaria (Burkitt, 1983). The geographical distribution of BL has further been
determined in Uganda (Geser et al., 1980), Democratic Republic o;"Congo (Renoirte et
al., 1971), Sudan (Veress et al., 1976), Nigeria (Durodola, 1978), E. Africa (Geser et
al., 1980) and Kenya (Mwanda et al., 2004; Rainey et al., 2007) (see Figure 2.1).
Malaria incidences have also been compared to the BL distribution in Kenya (Figure
2.2) (Rainey et al., 2007). EBV infections greatly vary depending on environmental
exposure, genetic factors, nutritional statiis and the presence and absence of diéease in
different geographical locations (Koriyama ef al., 2005; Naithani e al., 2007; Williams,

1975).
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Figure 2.1: Ten-year average annual BL incidence rates, Kenya 1988 —

1997
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Figure 2.2: Malaria endemicity levels in Kenya, by 1989 district boundaries
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An estimated burden of BL has been reported at an incidence rate of 8.3 cases
per 1 million people in Kenya. This is based on a study conducted from 1988-1997. A

2:1 male to female ratio of BL infections were also reported (Mwanda et al., 2004).
2.3  Pathological Conditions of Burkitt’s Lymphoma .

Most eBL cases in Africa are characterized by facial and abdominal tumors
(Burkitt, 1958; Mwanda et al., 2005). In facial cancer (see Figure 2.3), benign tumors
affect the alveolar of the jaw and extents ultimately loosening the teeth. Invasion of the
nasopharynx and the eye orbit can also be observed. These may lead to airway
obstruction and inability to close the mouth. Abdominal involvement is charécterized

by kidney, ovarian, liver and gastrointestinal cancers (Mwanda et al., 2005).
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Figure 2.3: A Child with Burkitt’s lymphoma (Jaw Tumor)

The EBV viral genome can be detected in eBL tumor cells using molecular
techniques such as the polymerase chain reaction (PCR) (Brady e al., 2007). Biopsy
preparations show a monomorphic outgrowth of undifferentiated lymphoid cells with
little variation in size and shape, an amphophilic cytoplasm with clear vacuoles, and a

non-cleaved nucleus containing two to five nucleoli at low magnification and a starry

11



sky pattern is observed as a result of macrephage invasion (Figure 2.4) (Brady ef al.,

2007).

Figure 2.4: Burkitt’s lymphoma; Touch Preparation, Wright stain

24  Molecular Biology of Endemic Burkitt’s lymphoma

EBL is genetically characterized by B cell chromosomal translocation involving
chromosome 8 transposing with chromosome 14. Burkitt’s lymphoma is particularly
characterized by c-myc proto-oncogene translocation (Brady et al., 2007) to a more
easily activated position during the chromosomal shift inducing uncontrolled B cell

proliferation (de Thé, 1993) forming tumors in the lymph nodes.
2.5 Malaria and Burkitt’s lymphoma

The etiology of eBL is highly attributed to P. falciparum and EBV infections (Rasti
et al., 2005); (Rainey et al, 2007). P. falciparum infection cause massive B cell
proliferation, mainly through mitogenic effects, thereby increasing the chances that a
chromosomally altered B cell will be increased in number and then no longer subjected

to growth control mechanisms (Morrow, 1985).

12
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Plasmodium falciparum antigens such as cistein rich interdemain region I alpha
(CIDR1a) can directly induce EBV reactivatien during malaria infection that may
increase the risk of BL development for children living in malaria-endemic areas
(Chéne et al., 2007). Duﬂng the blood stage of P. falciparum malaria, infected red
blood cells (iRBCs) express high levels of PIEMP1 reaching thie?r maximum at the
trophbzo_ite stege (28-32hours poét mvasion). The CIDR1a domain (')f:Pﬂ‘EMPl (clone
FCR3S1.2-varl) has a mult-adhesive phenotype and binds to different cell surface
receptors, such as CD36, PECAM-1 (CD31) and immunoglobulins (Donati et al.,
2004). When immune B cells infected with latent EBV interact with CIDR1q, the virus
is reactivated and immedivately‘ multiplies to high levels in the body sigrﬂﬁcantly
increasing the risk of BL development. |

Pfirnary infection with EBV leads to the immortalization of large numbers of B
lymphocytes. Severe falciparum malaria then leads to an intense host response with
particulai' proliferation of the EBV-infected B lymphocytes and finally, the great
increase in the'B lymphocytes provides a rnuch higher statistical _o.pportnnity, for the
emergence of the cyfogenetically abnormal BL cell non responsive to the normal
growth mechanisms (Morrow, 1985). | |

The trend of ma]aria' mainly relate to the overall high incidence rate of ‘EBV'
infectiohs in malaria_endemic regions  (Rainey et al., 2007). I-__Iigh EBV loads are
associated with high malaria cases (Moormann ef al., 2005). At 1-4 years, children
experien‘ce‘ high malaria attacks and thus have high EBV loéds, and »at' 5-7 years old, v
they develop malaria immunity and therefore the incidence of malaria attacks reduce,
consequently, the EBV viral load élse reduce and remain at a constant level as in

children 10-14 years (Moofmann etal., 2005)
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2.6 The EBV Antigens and Life Cycle -

On oral transmission, EBV replicates in the oropharynx within specialized
epithelial cells that directly bind to the virus or indirectly get it through transfer from
thé surface of adjacent infeéted B cells (Walling et al., 2007). Lytjf infectibn leads to
increaséd viral shedding into the throax (de Souza et al, 2007). These viruses infect
mucbsal B cells and initiate a latent growth transforming ihfection in lymphoid tissues
and appearance of large numbers of infected cells (de Souza et al., 2007).

Following inféction, the body mounts cellular immune response to both lytic
and latent antigens (Young and Rickinson, 2004). Most infected B cells are eliminated,
while some down regulate latent éntigens and remain in circulation as members of the
long-lived memory B cell pool. Reactivation into the lytic cycle occurs through antigen
stimﬁlation (Chéne et al., 2007) or reception of plasma cell differentiation signals for
antibody production (Thorley-Lawson, 2001). This leads to virus Shedding in the ‘thréat
of healthy carriers, and enables transmission of virus to new hosts through saliva and
othef modes of transmission. At this stage, the lytic antigen speéiﬁc CD8 T cells come
into play to regulate the production of the virions via the plasma cells from the memoiy

B cells (Young and Rickinson, 2004).
2.7 EBV-encbded Lafe_nt Antigen Expression and Survival Strategies

EBV latent infection has been characterized into three different pathways i.e.
type 1 latency, type 2 latency and type 3 latency (Kelly et al., 2006; Werner et al.,

2007).

2.7.1 Type 1 latency
Type 1 EBV expression does not influence the differentiation of B cells and
therefore, there is no virus prolifetation. Cells displaying type 1 latency are found

among the memory B cell pool, in which expression of all EBV-encoded proteins is

14
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down regulated, with lhe exception of EBNA 1, which is essentialkfor the replication of
EBV episomes (Walling ef al., 2001a). The ﬁlll'SGt of the virally encoded proteins can
be induced upon activation of the cell through antigen stimulation (Chéne et al., 2007)
or plasma cell differentiation signals for antibody production (Laichalk et al., 2005).
EBV specific T cell immunity can not recognize type 1 cellé in the absence of
co-stimulatory molecules in the memory compartment. EBNA 1 has long glycine-
alanine repeats that prevent the antigen processing in the proteosome to generate
peptides that associate with MHC class 1 molecule (Levitskaya ef al., 1995), hence not
recognized by the CD8" cells. This enhances EBV persistence through maintenance of

infected B cells in healthy individuals.

2.7.2 Type Il latency

| This is divided into IIa and IIb with respect to arltigen expression. Type Ila
latency program seen in nasopharyngeal carcinoma (NPC) and Hodgki'n’s lymphoma
* (HL) expresses EBNA 1, LMP 1 and LMP 2 EBV ant1gens (Wallmg et al., 2001a);
(Sitki-Green etal. , 2003). Cells in type II latency are not mduced to proliferation unless
additional cellular changes occur in the cell and cell growth promonng signals are
prov1ded by the rmcroenvuonment EBNA 2 not present is requlred to induce
prollferauon of EBV mfected B cells (Werner et al. 2007)

Cells with type IIb latency express all EBNAs except LMP 1 (Srtkl-Green etal,

2003). Like IIa cells, they do nqt induce p_rollferetlonv due to the absence of LMP 1
required for B cell transformation. From studies, EBNA 2 is responéible fef activating
the LMP 1 promoter region in B cells but its role in the absence of LMP1 is not well

defined (Sitki-Green et al., 2003).

273 Type I latency

Type III EBV latency is defined by the expression of all EBV encoded latent

' protems including all the EBNAs i.e. EBNA & 2 3A, 3B, 3C LP (Thorley-Lawson
15

MASEM &;NNERS!TY
~ S.G. S. LIBRARY




-~ -

2001) and the membrane associated proteins LMPI, LMP2a and LMP2b (Kelly et al.,
2006). This state of EBV expression is only found in the B lymphocytes where LMP 1
is able to induce activation markers and co-stimulatory molecules making it more
imniunogenic (Young and Rickinson, 2004). This type of latenéy ‘\is typical of in vitro
EBV-immortalized BJymphoblastoid cell-lines. In vivo, type IIKIblatency cells only
exist during the acute phase of primary infection, before EBV-specific T cell responses
develop and in patients with impaired im@e functions e.g. transplant recipients

treated with immunosuppressive agents (Young and Rickinson, 2004).

2.8 EBYV Strains and Genetic Polymorphism

Genetic analysis has shown that the EBV genome consists of hjghly conserved
regions, regions of. unique variants, and highly polymorphic regions. Highly
polymorphic regivOns-v transform over time to give different EBV genotypes associated or
non-associated with disea_se (Levitskaya et al., 1995). Allelic polymorphisms in the
EBNAZ2, 3A, 3B, and 3C genes define two broa(.l' iypes of EBV isolatés, type 1 and 2
which are presenf .at different frequencies within different géo‘graphic locations
(Gratama ef al., 1990). Other> rhinor changes w1thm each virus type, detected as
Vaﬁations in the sizeu.of the EBNA proteins, .gi\./e rise to othe‘r distinct EBV strains,
yohich allow tracing virus transxhiséion within families (Gratama et al 11990). Multiple
" i singlle Sirain EBY traninission cectr-if different Sndivadrials withit varied fumifis
(Gratama et al., 1990).- | |

Strain specific variations have been identified in EBNAI, BZLF1 and LMP1
(Edwards th al., 1999). LMP1 is the most dis_c_riminating locﬁs'for EBV genotyping. It
is widely uséd to identify strain variants by the presence ‘or’ absence of é 30 bp deletion
in the carboxy-terminus. Other significant *.chang‘es. in the LMPl coding sequenbe
include the _numbér of 33bp repeats and the 15bp insértions within the repeats (Edwards

et al., 1999). Sub-strains have been found to exist with additional base-pair changes in
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addition to the sequence changes in the known strains. This has been demonstrated by

the identification of a B95.8 strain with additional changes at position 266 of the LMP1

coding sequence (Sitki-Green et al, 2003).

This study mainly focus}ed on the latent-cycle g'ene encoding the Vil’ué genome
maintenanc_:e protein EBNA3C which is involved in EBV transfo_r?n’at,ibn of primary
human B lymphocytes. EBV DNA bre‘sent in peripheral bleod and saliva was extracted
using QIAamp DNA mini kit, to‘deter“mine EBV types by PCR (Brady er al., 2007). P.

Jalciparum infections were determined by microscopy and EBV specific CTL

responses determined by IFN-y ELISPOT assay (Moormann et al., 2007).
29 » ‘Immune Response to EBV

Generally, EBV infection elicits innate, humoral and cellular immune responses

to fight against the virus and its pathological effects. This helps the body to control the

virus and mainly prevent lymph proliferation.

29.1 Innete 1mmune Respohses

| Natural Killer c._ellsi form the major component of the eafly innate immune
response to »many mjerobiel agents including‘-EBV_. NK cell popul'alions inversely
correlate w1th EBV v1ra] load WV illiams et al., 2005). NK cells are known to inhibit
EBV- mduced resting B cell transformatlon through release of IFNy in the presence of
dendritic cells. IL—12 produeed b}f den_dritic cells promotes differen_tiation of T cells .
into Ty 1 cene. Like NK cells, Th 1 cells also p.ro‘duce‘ s IFNy which acts to activate |
- the functional activity of macrophages to kill microbes _(Loti etal., 1985).

' Reducﬁon in surface HLA clees I expression in lytieall_y. infected cells in vitro is

accompanied by increased serisiﬁvity to NK cell recognition. Unlike Cytomegalovirus,

EBV has not evolved any NK immune evasion strategies (Lotz et al., 1985).

T



2.9.2 Adaptive Immune Responses to EBV Infections.
29.2.1 Humoral Immune Responses to EBV Infections

Humoral immune responses to EBY infections involve the» ihdividuals’
antibody production against EBV. People infected with the virus have high antibody
titers against viral capsid antigens (VCA) anil early antigens (EA). Following primary
infection IgM to the VCA are first detectedbfollowed._by VCA-specific lgG antibodies
(Hislop et al., 2007a). Later, there is IgG 10 EBNA 1 and in some cases, antibb_dies tc
early antigen EA also appear, but not in all infected individuals. In healthy EBV

carriers, IgG to VCA and EBNA 1 are always present (Hislop er al., 2007b).
2922 , Cellular Immune Responses to EBVInfections '

EBV infection inrluces HLA class 1 restricted pnmary and memory CD8" T cell
responses. In acute int'ecticn, there is high viral replicaticn coupled with hjgh levels of
EBV epitope spemﬁc react1v1t1es detectable functronally in ex-vivo cytotoxicity assays
and finally, they are vrsrble through HLA-class 1 tetramer starmng as numencally

dominant populatrons (Hrslop etal, 200v7b).

During acute lrlfecticn, '1%=4(>)‘% of the total CD8" T cell populations in
circulati'cn have reactiylty to Immediate Early (IE) and early (E) a‘ntigeh_s of the lytic
| cycle whereas 0. 1%-5% to latent cycle antigens spemﬁcally EBNA 3A, 3B and 3C
_antigens. These CD8 T cells are perform positive wrth direct ex-vivo functron in |

cytotoxicity (Hislop et az.- 2007a) and cytokine secretion assays.(Catalina etal, 2002' ‘

Woodberry et al., 2005). They express activation markers (CD38) cell cychng markers e

(K1-67) and the CD45RO 1soform mdlcatmg recent antrgemc stlmulatron and die
rapldly by apoptos1s in vitro when antlgen stimulation is reduced (Hislop et al, 2007 c).
After acute infection, CD8" T cells express low levelsv of anti-apoptotic Bel-2 and Bel-x-

proteins and hlgh levels of | pro apoptotlc Bax protems (H1slop et al., 2007b) Lytlc '
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epitope-specific responses are hea\‘/ilgl culled leading to a dramatic reduction in the
CD8" T cell numbers. The low latent epitope responses are less heavily reduced and
remaip highly represented in the circulating pool of EBV-specific CD8* T cells. This
remaining CD8" T cell pool loose expression of the activation and cell cycling markers

of the activated state (Hislop ef al.,, 2007a).

EBV antigen-specific CD4" T cell responses are HLA II restricted and have not
been analyzed in so much detail as the CD8" T-cell responses (Walling er al., 2001b).
This is due to several factors, including lower frequencies of EBV-specific CD4" T
cells, as the pool of EBV-specific .CD4Jr T cells does not expand as markedly as the
CDS8" T cell pool during acute EBV infection ﬂ-Iislo.p et él., 2007¢). Thereforé, HLA
class Il-restricted EBV epitopes have only rgcently started to be determined. In-
addition, production of HLA-II tetrameric reagents has proven much more difficult than
for HLA class-I (Hislop ef al, 2007a). EBV elicits primary and memory CD4" T cell
responses and during acute EBV infection, CD4" T cell résponses to the immediate
early (IE) protéin BZLF1 are more common compared to BMLF1 or _lai‘ent protein
EBNA3A-specific responses, while .E_BNAl-speciﬁc responses are least detected.
EBV-specific CI‘)4Jr T ceﬂ populations rapidly increase during acute infection and
mafkedly_décliné thereafter. Therefore, low frequenc;ies of EBV specific CD4" T cells
are detected 1n Shealiins virus ca_rriérs (Hislop et al., 2007a). |

" Most EBV specific CD4" T cells produce; IFNy and TNFa, whﬂe few produce
IL-2, which is important for T cell proliferation and potentiatioh of apoptotic éell death
of antigen activated T cells and express CD45RO", CD27" and CD28" surface

molecules. EBNA1 and EBNA 3C speciﬁc CD4'T cells are mostly Thl and secrete

IFN-y (Hislop et al., 2007c).
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CHAPTER THREE: MATERIALS AND METHODS.

3.1  Study Area and Population

This study was conducted in Kanyawegi location (hot spot. (alrea) with high BL
risk and Seme location (cold épot area) with low risk for BL within Kisumu District,
Western Kenya (Figure 3.1) (Mwanda et al., 2004). ‘Ho't and cold spot eBL éreas have
been defined depending on théveBL incidences per 10,000 children. Hot spots have
high risk of eBL cases compared to the cold spots vﬁth no eBL incidence _reported.
(Rainey et al., 2007). Earlier reports have shown that both sites in Western Kenya have
holoendemic malaria transmission patterns with residents getting 100-300 F_P.Zasmodium
‘ falciparum mosquito bites énhually causing 97% of the malaria infections (Bloland ef

al., 1999) and more intense malaria transmission seasons in these areas coincide with
the rainfall seasons occurdng within April-August and -November—Januarybas' éarlier
reported by (Bloland etal., 1999). | :

| The population of KanyaWegi (Burlitt’s lymphon)zi ‘Hot spot area’) was 8,891
and that of Seme locati'(_)'n (Burkitt’s lymphoma ‘cold spot area) was 9,464 according
to the population census activity conducted in the year 2006. BL viricide‘nce rates
determined»_in a study céfried out by Mwanda and coﬂe;(lgueS‘frorﬁ 1988 to 1997
revea.léd that; in Kanyawegi location, the BL inéidence rates were Betweén 0.95 ahd
2.29 cases per 100,000 children ;cmd in Seme loc;ation, thg BL incidence rates were
- betWeeri 0.00 and 0.11 per 100,000 children. Both study ‘ar‘eas are located in a stable
| malaria holoendemic transmission region of Western Kenya. |

This vcross-sectiAonal study_began by community mobilization aﬁd demogrﬁphic
survey. Tﬁe »GPS mappingb was done for ease of houSe holdlocation (Figure 3.2 and
3.3). Excel computer baséd random sampiing was 'emplc_)yed.. The random numbers

were attained vby selecting the empty column from study identity and then state the start
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and end of selection [FRAND (A1:A100). Hold and drug down ;the curser to generate

the random numbers.

Low BL risk region

c(oskE!:E(;t High BL risk region
“Hot Spot”
(KANYAWEGI)

© Jeanette Jane Rainey, 2007

Figure 3.1: A Map of Nyanza Province in Kenya Showing ‘Hot’ and ‘Cold’ Spot
Areas
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3.2  Study Design . ‘

This cross sectional study recruited 58 participants from the cold spot

region and 37 participants from the hot spot region. Figure 3.2 gives a flow

diagram which summarizes the study design. :

<

Cross-sectional study

A 4

Recruitment through consent
33 mothers +62 children (3-9yrs old)

Hot Spot Area
- N=37

2 g

Clinical and demographic evaluation
HB levels, Body temperature, W gight, Age and Gende_r

Cold Spot Area N=58

A 4

Malaria diagnosis : . v _ | ‘ | DNA extraction
(Blood smears) <+——  Sample collection ' »/ and PCR .
(N=95) | Blood smears, Saliva (ED TA blood and
- ' samples, EDTA blood, - Saliva samples) .
Sodium Heparin blood - (N=99)

i y -

IFN-gamma ELISPOT assay -

| (Sodium Heparin blood samples)
L (N=95) ‘

Figure 3.2: Study Design Flow Chart
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3.3 Sample Size Determination

The sample size determination was done using power and sample size program
software that performs Power and Sample size calculations for many different study
designs (Dupont and Plummer, 1990 and 1998)

At 95% CI, a population representative sample of 93 individuals was needed
from the study area to have statistically significant results (See Figure 3.3). In this

study, 95 study participants were sampled randomly by assigning random numbers.

Sample size determination using Power and
Sample size software (PS ver. 3, 2009).

100
g S R e S R (S S S

-80
/

/
60 7
50 - e

N

-~
o

Experimental Sample Size

/,
|
0 01 02 03 04 05 06 07 08 09 1
Power

Figure 3.3: A graph showing the study Sample Size
Freeman and Jekel’s formular for sample éize calculation for to test differences
in proportions was used to determine the sample size for the hot and cold spot study
regions (Freiman et al., 1978; Jekel et al., 1983).
Formula{: N= (Z, + Zg)* ¥2*8?
(@’

Where; N is the sample size, Z, is the alpha error, Zg is the beta error $? is the

variance and (d) % is the difference to be detected.
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Recent data has shown that BL incidence rates in the Hot spot are between 0.95
and 2.29 cases per 100,000 children and in the céld spot area 0.00- 0.11 cases per
100,000 children (Mwanda et al., 2004; Rainey et al., 2007). Assuming that the
predictor of the BL clusters 1s based on Nyanza province cancer data where more than
30 % of the children present with cancer. The assumption for this sttlfdy is that a
minimum of 40% of the children have BL and 50% of the children are asymptomatic.
The expected standard deviation (S) among the BL cases in the two study sites was 15
and the expected variance (S? was 225. The difference (d®) to be detected is therefore
10%. |

Data for alpha error (Z,); P = 0.05 therefore, at 95% COnﬁdencé Interval, Za =
1.96.

Data for beta error (Zg);, P =0.02 therefore, at 80% power desired, Zs= 0.84

N= (1.96 + 0.84)> x2x15% = 7.84x2x225 = 3528 = 35.28.

0y 100 100
= 36 subjects per study site.

Therefore a total of 72 (36x2) subjects were needed to conduct the

study.
34 Inclusion Criteria

Children éged between 3-9 years old with their mothers ‘who had stayed
together for the last one year were recruited. Only ‘those with normal body temperatures:
of 36-37.4°C and permanent residents of this study area were recruited. Before sample
collection, study bparticipants with fever were given anti-malarial drugs for malaria
prophylaxis. All children were requirea to hﬁve consent from their parents/guardians to

participate in the study.
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3.5 Exclusion Criteria

Participants presenting with severe illness including anemia (less than 6g/dl)

were excluded from the study. Children above the age of 9 years were excluded from

(

the study. o
3.6 Collection and Processing of Blood and Saliva Samples

Hemoglobin levels, weight and body temperatures of the participants were

recorded prior to the collection of samples to detect any health aberration. Five
milliliters of venous blood was collected and 500uL aliquots stored in EDTA tubes at -
80°C for DNA extraction. 4.5 mLs were liquated into sodium heparin tubes for
peripheral blood mononuclear cells (PBMC) iéolation and culture techniqués. Thick

and thin blood smears were prepared from peripheral blood immediately after

’ ’ gollection before dispensing ‘in tb the anti—cqag;ﬂant tubes. This were air dried, the thin
films were then fixed in absolute methanol and then stained in 3% giemsa stain for 1
hour. Microscopy was then done at x100 magnification in oil immersion to detect the
malaria parasites (Barcia, 2007).

For saliva collecti'oﬁ, communication was very important and therefore an ége
of at least 3 years was apprdpﬁate for ease of ¢OIIECtion The saliva spécimen wasb
collected by placing a cellulose pad affixed to a po'lypropylene stem (sterile saliva
collector) under the tongue of an individual until the saturation of the cellulose pad, the -
defined volume of the saliva taken up by thé cellulose pad was indicated by blue

- coloration indicator in 2 ‘"v'vindow on the stem as described by the }manufactul;er'v
(Malvérn Medical Developnie’nts Corhpany). Saliva was squeézed out of the cellulose

filter paper pad into a 1.5ml tube and stored at -20 %C until DNA extraction. :

MASENO UNIVERSITY|
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3.6.1 Sample Preservation and Storage

Blood samples for DNA extraction were preserved with ethylene di-amine
triacetic acid (EDTA). EDTA has a high affinity towards divalent ions like Ca2+,
Mn2+, and Mg2+ which are co-factors for many active enzymes inside the cells
including nucleases which digest the DNA molecules. Once th; cell is disrupted
nuclear envelope goes off and the nuclear contents come to contact with the cellular
content which is rich in nucleases. The broken cell is treated with EDTA that chalets

the ions so that the nucleases loose their function hence enhances the DNA yields.

Blood for peripherai blood mononuclear..cell (PBMC) isolation were preserved
in sodium heparin which ensures high recovery, viability and functionality of PBMC’s

required for reliable assessment of cell mediated immune responses.
3.7 DNA Extraction

DNA extraction from the saﬁva and peripheral blood samples was done using
the Q1Aamp DNA blood mini kit (QIAGEN Sample and Assay Technologies, USA).
Processed samples from saliva and blood were stored at -20°C and -80°C respectively,
and thawed‘af roorﬁ tempa’ratufe befqré'DNA extraction. 200uL of sample was mlxed
ina miérb centrifuge tube with ZOﬁ,L of Q1AGEN proiéase' mainly to digest the DNA
proteins w1th1n the cell. ZOOQL of the lysing buffer was added fo the contents in the
micro-centrifuge tube and votexed for 15 seconds and then incubated at 56°C for 10
minutes to enhance DNA yield. 200uL of ethanol (96-100%) was added to facilitate
dehydration and precipitation of all the impurities such as thg lipids. At this point, the
mixture was applied to a Q1Aamp spin column and centrifuged at 6000xg for 1 minute
(Eppendorf Centrifuge 5417R). Washing was done using 500uL of wash buffer twice
to purify the extracted DNA. Finally, elution was done by liquating 100uL of t‘he' ,

eluting buffer twice to make a final volume of 200uL of the DNA collected. The
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eluting buffer mainly repercolates the DNA-from the Q1 Aamp spin column into the

collecting tube (Clausen et al., 2007)

3.8 Conventional Polymerase Chain Reaction for EBV Genotyping

L

The EBVV‘ viral genome can be 'detected in eBL tumor celts using molecular
techniques such as the PCR (Brady et al., 2007). Two rrxicrqflitérs -(sz) 6f the DNA
were used for DNA ampliﬁca,ti(;n on a PTC-100™ machine. Samples’were tested in.
singlet using primers Speciﬁ§ for a portion of the EBNA 3C gene (Hassan et al. 2006).-
EBNA3C: product size: (type I - 153bp / type II - 246bp) ‘Forward primer; 5'-
AGAAGGGGAGCGTGTGTTG— E and ‘ reverse pnmer
5'GGCTCGITTTTGACGTCGG-3. These primers were designed using Primer
- Express® Software (PE Applied Biosystems; Invitrogen laboratories,‘Foster City, CA)
io detect the 153bp and 246 bp regions of the EBV EBNA3C genes, respectively,
according to the methqu of_Hés'san and colleagues (Hassan et al, 2006); »

The PCR reaction cycle was as follows: 2 min at 95°C for initializéiion; 1 min
at 95°C for deriatui‘atioh, 1min at 60°C for _ahnealing and exponential ampliﬁcatioh for
39 cycl’es;va_t-ld ﬁnal extension at 72°C for 7 min. JumpStanl_M R"eadyMixTM’(Sigma)
was used for prbcessihg and ‘diges_ting the DNA .» DNA bands were an‘alyzed using QUV .
tfaHS—iHunﬁi}ator and ‘pho.togrvaphs ‘taken for all sampleé (see-: Figﬁre 3.4 fofr;é |

representative gel) (Hassan ef al., 2006)
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100bp

(Intensity of the bands suggest the EBV type quantity in the sample.)

Figure 3.4: Representative Gel Showing EBV Type 1 and Type 2 Bands.
3.9 Ethical Considerations

Study approval was obtained from the Kenya Medical Research Institute
National Ethical Review Committee and Ethical Review board of SUNY Upstate
Medical University hospital, U.S.A. Written informed consent was obtained from
parents or guardians of study participants. Blood collection was carried out by trained
and qualified phlebotomists from the Ministry of Health, Kenya, to reduce risks of
bleeding incidents. All sharps were stored in biohazard sharps’ containers before
disposal at the KEMRI incinerator. Study participation was voluntary; participants
were allowed to withdraw at any time during the study. Health care access was not
dependent on participation. Any child presenting with Burkitt’s lymphoma was taken
to New Nyanza Provincial General Hospital (Kisumu, Kenya) for further investigation
and treatment. To ensure confidentiality, all the samples collected were coded for
identification using the study ID number and investigators controlled access to the data.

No sample was labeled with the participahts’ name.
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3.10 Data Management and Analysis 4

Data generated was entered into an Excel spread sheet. After proper coding for
the variables under investigation, the data was transferred to SPSS version 17 software
for analysis of the differences in proportions using Pearson’s Chi-square tests at P <

-0.05. Graph-pad prism 5 analytical software was used to generate graphs for clear data

presentation.
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CHAPTER FOUR: RESULTS

4.1  Study Sample Characteristics and Basic results

p .

Table 4.0 shows study sample characterjstics and basic results. The study

sample comprised of 37 and 58 participants from the BL high risk region (hot spbt) and
the BL low risk region (cold spot), respectively. Thirteen (13) mothers and their 24
children were recruited from the hot spot; 20 mothers and their 38 children were
recruited from the cold'spot. In total, 39 mothere and their 62 children were recruited n
this study. Considering the gender, 15 male and 22 female panicipanfs were recruited
from the hot spot, 24 male and 34 female participants were recruited from the cold spot.
In total, 39 male and 56 female participants were recruited in this study. A total of 190
blood and saliva samples 'wefe collected from the pafticipants each giving blood and
_saliva. After PCR analysis, (85) i.e. 35 and 30 pafticipant_é from the hot spot and cold
spot, respeetively, "had detectable levels of EBV’ DNA | (EBV positive). Two (2)
participants from the hot spot and 8 participants from cold spot had non detectable
levels of EBV DNA (EBV negative). Malaria paraeites were detected in 43 participants -
while 52 did not have the f}paras‘ites.‘ Interferon gamme r&sﬁonses wef_e obéefved in 10.

malaria positive and 40 malaria negative individuals (Table 4.0).'
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Table 4.0: The study sample characteristics and basic results.

Study region [Hot Spot [Cold Spot N
Study Population 37 58 , 95
24 38 162
Gender: Male |15 24 39
| Female 2 : 34 56
Samples: Saliva |37 58 95
Hlgats e mee 58 05

Total No. of samples 74 116 190
\PCR; EBV +ve 35 : 50 . 85
EBV -ve 2 3 To

Microscopy; Malaria Positive Malaria Negative

43 152 95

42  Overall Prevalence of EBV Detections in the Study Area

EBV DNA was detected at a higher frequency in samples from the hot spot
(94.6%) compared to cold spot (86.2%) (P =0.018) (Figure 4.1). EBV DNA detection
in both hot and cold spots dominated in the blood Qompaﬁ_ment _with a mean prevalence
of 75.15%, compared to the saliva Eonmaﬁment with a mean prevalence of 66.1%.
EBV DNA prevalence in blood from the hot spot was 86.5%; compaied to 63.8% in the
cold spot (P = 0.001). In the saliva compartment, the hot spot had a prevalence of
81.1% compared to the cold spot with a prevalénce of 51.1% (P = 0.001), Table 4.1.
Chi-square analysis showed a high significant difference for EBV detection in both
blood and saliva samples from the hot compared to the cold spot indicating high EBV
detection in hot spot blood and saliva samples compared to the cold spot samples (%2, P

<0.05) (Figure 4.2).
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Figure 4.1: EBV detection in the study area

Table 4.1: Prevalence of EBV DNA in blood and saliva samples from hot spot and

cold spot areas

EBV positive in ‘
Total | Blood and/or |EBYV positive in | EBV positive in
No. saliva Blood saliva
Hot spot | 37 35 (94.6%) 32 (86.5%) 30 (81.1%)
Cold spot | 58 50 (86.2%) 37 (63.8%) 30 (51.1%)
Mean prevalence 90.4% 75.15% 66.1%
x2, P<0.05
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Figure 4.2: EBV detections in blood and saliva between the two study regions

4.3 EBV Type Distributions

EBV type 1 and 2 multiple infections were highly detected in the hot spot
(94.6%) compared to the cold spot (51.7%) (P = 0.001). Singe EBV type 1 and type 2
were detected in the cold spot at low frequencies i.e. 31% and 3.4% respectively. There
were no single infections evident in the hot spot (Figure 4.3a).

High EBV type 1 énd 2 multiple infections were evident in 66.7% of the adults
and 69.4% of the children (P = 0.927). Single infections were detected at low levels in
both adults and children. Type 1 was detected in 21.2% of the adults and 17.7% of the
children and type 2 in 3.0% of the adults and 1'.6% of the children (P > 0.05) (Figure
4.3b).

Like in adults and children, EBV type 1 and 2 multiple infections were highly
detected in 71.8% of the males and’ 66.1% of the females (P = 0.0553). Type 1 single
infections were detected in 20.5% of the males and 17.9% of the females. Type 2 single

infection was detected in 3.6% of females and not in males (P > 0.05) (Figure 4.3¢).
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a) EBV type distribution in study population :
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Figure 4.3: EBV type distributions
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44  Comparison of EBV Detection and EBV Type Distribution in Blood and

Saliva Samples from Children in Hot and Cold Spot Areas

Epstein bar virus was detected in majority of samples from hot spot children
compared to the cold spot children. 87.5% of the hot spot children had EBV in the
saliva. 90.5% of these children had type 1 and 2 co-infections where;s 9.5% had type 1
single infecﬁon. 79.2% of children 'ﬁpm the hot spot were EBV positive in the blood
compartment, all being type 1 and 2 co-infections. In comparison, 52.6% of children
saliva samples from the cold spot were EBYV positive with 55% having type 1, 20%
type 2 and 30% type 1 andv2'co-infecti,ons. In the blood companment, 63.2% were
EBV positive with 33.3% having iype 1, 4.17% type 2 and 62.5% type 1 and 2 co-
infections (Table 4.2).

There were higher proportions of EBV positive samples in children from the hot
spot as compared to the cold spot. Furthermore, there was a higher proportion of co-
infection‘ with type 1 and 2 in both salivja and blood compartmenté from the hot spot

children in comparison with the cold spot children (32, P < 0.001).
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Table 4.2: EBV detection and type distribution in children’s blood and saliva
samples from hot and cold spot areas

{

Study | N | Compartment EBV | Typel | Type2 | Typel and2
site positive co-infections
Saliva 21 2 0 19
Hot | 24 (87.5%) 9.5%) | (0%) (90.5%)
Spot _
Blood 21 2 0 19
(87.5%) 9.5%) | (0%) (90.5%)
Cold Saliva 20 | .1 4 6
Spot | 38 (52.6%) (55%) | (20%) (30%)
Blood , 24 8 1 9

(63.2%) | (333%) |(4.17%) (62.5%)

42, P <0.001

45  Comparison of EBV Detection and Type Distribution in Mothers’ Blood

and Saliva Samples from Hot and Cold Spot Areas

Blood and saliva EBV prevalence in motheré was uniform (84.6%) in the hot
spot, all being type 1 andxz multiple infections (100%). In the i;o_ld_ Spot,_ blood and
Séliva EBV DNA i)revalence was 65% and 56%, res»pectively.r |

Investigation of EBV type distribution.in the cold spot showed that 30% of the
saliva samples had type 1, 40% type 2 and 30% had type 1 and 2 co-infections. In the
blood compartment, 23% had type 1, 67.7% type 2, and 69.2% had type 1 and 2 co-
infections (Table 4.3). |

In summary, like in chjldren; there were higher ‘proportions of EBV pbsitivé
samples from mothers in the hot spot compared to the cold spot. In addition, there were
higher proportions of EBV type 1 and 2 co-infections in both blood and saliva samples

from the hot spot mothers compared to samples from cold spot mothers (x2, P<0.05).
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Table 4.3: EBV detection and type distribution in mothers’ blood and saliva
~ samples from hot and cold spots.

Study site | N Compartment EBV Type 1 | Type 2 | Type 1 and 2 co-
: s positive - infections
: N
Saliva 13-y ‘ 11
| (84.6%) 0 0 ~ (100%)
Hot Spot | 13 ‘ e
? Blood 11 _ 11
(84.6%) 0 0 ~ (100%)
Saliva 10 3 4 : 3
: , (50%) | (30%) | (40%) (30%)
Cold Spot| 20 | o 13 g 9
(65%) (23%) [(67.7%) (69.2%)

2, P <0.001

4.6 Comparison of EBV Detection and type Distribution in Blood and Saliva

Samples from Males in Hot and Cold Spot Areas

There was high prevalence of saliva ahd blood EBV DNA detectioh'ffom male
participants in this Bt spot. 93.3% had EBV in saliva and 86.7% in blood. In the cold
spot, 45.8% had EBV DNA in saliva and 62.5% in blood. s |

EBV type dlstnbutlon analy51s showed that 7.1% of the hot spot sahva samples |
had type 1 and 92.86% had type 1and 2 co-mfectlons All the EBV DNA detected in
blood had type 1 and 2 co-mfectlons In companson 36.36% of the cold spot sahva
samples had type 1, 27 27% had type 2 and 36.36% had type 1 and 2 co-mfectwns
- 40% of the blood samples had type 1 and 60% had type 1 and 2 co—mfectlons (Table

. . _ . v

Therefore there were h1gher proportlons of EBV positive samples from males
from the hot spot as compared to the cold spot (%2, P <0. 001) Higher proportlon of co-
infection with Type 1 and 2 in both blood and saliva compartments from the hot spot o

‘males in comparison with the cold spot males were observed (x2, P<0.001).



Table 4.4: EBV detection and type distribution in male saliva and blood sample§
from cold and hot spot areas

Study site| N Compartment EBV Type Type |Typeland2
. , positive 1 2 co-infections
Saliva - , ¢
_ .14 1 < 13
- |Hot Spot | 15 (93.3%) (7.1%) 0 (92.86%)
ST Blood i : '
13 13. -
- (86.7%) 0 -0 (100%)
Saliva
1355 4 8 4
Cold Spot| 24 3 - (45.8%) | (36.36%) | (27.27%) | (36.36%)
, Blood i '
15 6 . 9
(62.5%) (40%) 0 (60%)
2, P <0.001

47  Comparison of EBV Detection and Type Distribution in Blood and Saliva

Samples from Females in Hot and Cold Spot Areas.

' There was a ‘high prevalence .of ééliva and bldod’ EBV ‘iDl'\IA detection from
female participants in the hot Sp;)f’ compared to the éold spo:t.v.81,8% of the hot spot
saﬁva samplés and 7 7 3% blood sérhples were EBV positivé. In the éold spot, 55.9% of
t‘hevsaliva sar'np’les'and 64.7% of the blood samples wére EBV bqsitive. - v

: QbserVatiéns of EBV type distribution in the hot Spot. showed thai 5.6% had ;
type‘ I and 94.4% had type 1 and 2 cé-infections in saliva. All the EBV DNA detected
in blood had type 1 and 2 co-infections (100%). In the cold spot, 52.6% had typé )
26.3% type 2 and 21.1% had type 1 and 2 co-infections in saliva. In .the blood
compartment, 22.7% had type 1, 9.1% type2 and 68.2% had £ype 1 and 2 co—infe.c‘ti;)ns
: (Taﬁle 4.5). |

o In _sﬁmmary, like in malés, there 'were higher propbnibns of EBV positive
samples from femﬁlés from the hot spot compared to thé cold sbot. Higher ﬁropo’rtibn ,

38



of co-infection with Type 1 and 2 in both saliva and blood compartments from the hot

spot females in compaﬁson with the cold spot females were observed. (x2, P <0.001)

Table 4.5: EBV types in female participants from cold and hot spot areas.

<

Study | N| Compartment EBV Type Type | Type 1 and?2
site positive 1 2 co-infections
Saliva
18 1 17
Hot Spot| 22 (81.8%) | (5.6%) 0 (94.4%)
Blood
17 17
(77.3%) 0 0 (100%)
Saltva 19 10 5 4
64.7%) | (22.7%)| (9.1%) (68.2%)
+2, P <0.001

Gender analysis showed that 71.8% of the male population had EBV in blood
and 64.1% in saliva compared to the female population with 69.6% in blood and 66%
in saliva.' »
EBV 'type distribution showed thét, in male biood samples 21.4% haq typeland
78.6% had type land 2 co-infections. In female blood samples, 12.8% had typel, 5%
type 2 and 82% type 1and 2 co-infections. In saliva sanxpies‘, 40% of the males had type
1, 12% type 2 and 68% type 1 and 2 co-infections. 29.7% of the females had typel,
13.5% vtype 2 and 56.8% type 1 and 2 co-infections (Table 4.6). The EBV detection and

~ type distribution was not dependent on gender (32, P <0.001).
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Both males and females from the hot spot had a high proportion of EBV
positive blood samples compared to the saliva. Type 1 and 2 co-infections dominating

in both blood and saliva.

Table 4.6: Comparison of male and female EBV detection and type variation in
’ blood and saliva. o

Gender | N Compartment EBV Type Type | Typel and 2
co-infections
Positive 1 2

Male (39|  Saliva 2539 | s25 | 325 | 1725

(64.1%) | (40%) | (12%) (68%)

Blood 2839 | 6/28 0 22/28
(71.8%) | (21.4%) | (78.6%)
Female Lacd © gt 37/56 | 1137 | 5/37 21/37

(66%) |(29.7%) | (135%)|  (56.8%)

Blood 39/56 | 539 | 2739 32/39
69.6%) | (12.8%)| (5%) (82%)
2, P>0.05

48  Blood and Saliva EBV Type Diétribdtion in Mother-child Pairs.

In the hot spot 78.13% of the EBV p'o'sitiv.ev»participants.had matching EBV
types in blood and saliva. All these were type: 1& 2 co-infections. In the» éold Spot EBV
posiﬁve particibants, 16.20% had matching types of which 33.33% were type 2 and
66.67% were type 1 and 2 co-infections (Table 4.7). In summary, most participants
from the hot spot population had similar EBV typés in blood and saliva compartments

all being type 1 and 2 co-infections compared tov the cold spot samples.
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Table 4.7: Blood and saliva compartments with matching EBV types

Study site EBV ‘ Percentage Type Type | Typel &2
positive Match 1 2
Hot spot 32 21135 0 0| 100%
N=37 - 78.13%
Cold spot 37 | 850 0 |3333%| 66.67%
N=58  16.20%
12, P >0.05

4.8.1 Blood and Saliva Cempartments with Simﬂar EBYV types in Mothefs.

In the hot spot, 83.2% of the mothers had matching EBV‘type 1 and 2 co-
infections in blood and saliva. In the cold spot only 17.7% of the mothers had matching
EBV types. 33.33% were type 2 and 66.67% were type 1 and 2 co-infections (Table
4.8). In summary most samples ﬁ'(')bm the hot spot had matching EBV types all being

type 1 and 2 co-infections compared to the cold spot samples (32, P > 0.05).

Table 4.8: Blood and saliva compartments with similar EBV fypw in mothers

EBV Percentage Type Type Type
Positive | matchesin | | b Sy 1&2
- mothers. ~

Hot spot 12 STON2 ] el 0 100%
 N=13 (83.3%)

Coldspot | 17 317 0 33.33% | 66.67%

N=20 17.7%) e .

¥2, P >0.05

4.8.2 Blood and Saliva Compartments with similar EBV types in Children

In the hot spot 65.2% of the children had matching EBV types in their blood
and saliva compartments all being type 1& 2 co-infections. In the cold spot, only 9.1%
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had matching EBV types with 33.33% having type 2 and 66.67% type 1 and 2 co-
infections (Table 4.9). A high proportion of the children blood and saliva samples from

the hot spot had matching EBV types all being type 1 and 2 co-infections.

Table 4.9: Blood and saliva compartments with similar EBV types in children

Study site EBV Percentage Type| Type Type
Positive | match in children | 1 2 1&2

Hot spot 23 15/23 0 0 100%

N=24 (65.2%)

3/33 '

Cold spot 33 (9.1%) 0 | 3333% 66.67%

N=38 '

12, P >0.05

4.8.3 Blood and Saliva Comp:irtmelits with Similar EBV Types in Mother-Child

Pairs. 7

In the hot spot, 61.5% of the mother-child pairs hadb matching EBV types in
blood and sali?a all being type 1 and 2 co-infections. In fhecold spot, 57.1% ﬁad -
matching EBV types in blood and 38.1% in saliva (Figure 120 BBY tyse distribitin
analysis show that; 8.3%vwere type 1, 8.3% were type 2 and 83.3% were type 1 and 2
co-infections in the blood. In the saliva, 37.5% were type 1, 25% type 2 and 37.5%
were type 1 and 2 co-infections (Table 4.10). A uniformly higher proportion of the
mother — child pairs from the hot spot had matching EBV types in both blood and

saliva compared to the cold spot (32, P < 0.001).
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Figure 4.4: EBV detection and type distribution in mother-child pair subsets
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d) EBV type distribution in mother-child pairs (Cold spot)

100+
90-
80-
704
604
50-
40-

204
10-

% EBV type distribution

5 &

&

E3 EBViype 1 and 2

&3 EBV type 2
=3 EBV type 1

Figure 4.4 Cont.: EBV detection and type distribution in mother-child pair subsets
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Table 4.10: Blood and saliva compartments with matching EBV types in mother —

child pairs.

Study Site] N Compartment\Percentage Typel | Type2 Typel &2
o Match Co-infection
Saliva 8/13 0 0 8/8
: (61.5%) (100%)
Hot Spot | 13
Blood 8/13 0 0 8/8
(61.5%) (100%)
Saliva 8/20 3/8 2/8 3/8
(38.1%) | (37.5%) | (25%) (37.5%)
Cold Spot| 20
Blood 12/20 1/12 1/12 - 10/12
) 1 671%) [ 83%) |[(83%)| - (83.3%)

x2 ; Difference between hot and cold spots: saliva and blood, P <0.05
4.9  Plasmodium falciparum and EBV Co-infections in the Study Area

There were relativeiy high malaria infections in the hot spot. All (100%) the
participants from thé hot spot had malaria while only 10.3% of the participants from the
cold spot were .maiaria po‘sitive (P = 0.001) (%2, P > 0.05) (Figure 4.5a). 94.6% of the
nﬁlaria pésitive .casés wer'el EBV positive while 5.3 % of the malaria positive
individuals turned dut to be EBV negative in the hot spot. In the cold spot, only 10.3%
of the participants were malaria positive and e'ill ‘were EBV positive. 75.9% were
malaria negative and EBV positive (Figure 4.5b). 95.1% of the malaria and EBV co-
infected individuals had EBV type 1 and 2 multiple infection, 2. 4% had EBV type 1

single infections and also EBV type 2 smgle mfectlon were in 2.4% of the

malaria and EBV co-infec’_c_éd individuals. 36.4% of the EBV pdsitive ir'xd'ividuals‘ B

without malaria had EBV type 1 single infection, 2.3% had EBV type 2 single

infections and 59.1% had EBV type 1 and 2 single infection (Figure 4.50).
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CHAPTER FIVE: DISCUSSION .
5.1  Hot Spot Area and Cold Spot Area EBV Infection Prevalence.

This study revealed a high prevalence of EBV infectign in the hot spot
compared to the cold spot. As previously reported, hot spots and col;i%spots vary in their
degree of reported Burkitt’s lymphoma cases (Mwanda et al., 2004; Rainey et ‘al.,
2007). There was a high prevalence of EBV infection in individuals from the hot spot
with high risk for BL. Analysis of malaria prevalence revealed high rates of malaria
infection in the hot spot. Most individuals in the hot spot had EBV 1n both blood and
saliva compared to the cold spot where some participants had EBV in blood only ér
saliva ohly. Plasmodium falciparum infection triggers viral reactivation leading to
production of infectious virions which are shed in to the oral cavity or recede to the
lymphoid Companment (Donati ef al., 2004). Malaria infection tends to play a ri;ajor
roie on the level of EBV quantity 'bin circul_aﬁon hence éase 6f detiection'. EBV and Pf
co—infecﬁons were highly detected in hot sbot children compared to their mothers and |
col.d spot ‘panicipants. High malaria parasite density in children 6verbﬁrdens theirb
developiﬁg immune system causing 'delayed responses in the control of EBV infections.
Moormann and 'colléagues (2005)_‘ demonstrated that, in high maiaria inteﬁsity areas
children within 'fhe range of 1-4 yeafs old harbor higher _EBV DNA viral loads in their
peripheral_ blood compared to the low intensity malaria transmisvs.ion areas in Kenya.

The cold 'spot stﬁdy regioh m this thesis can thereforé bbe conipared to the low
intensity malaria transmission areas where children have been reported to have low
EBV DNA viral loads. Vice-versa, vthe hot sbot region with high risk for eBL cén be
cong)ared to the high intensity malaria region where children are exposed to recurrent |
Plasmodium falciparum infections. Malaria induced immunbsu‘ppression_ and hyper

activation of the B cell compartment in which the EBV latently persists, can lead to
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increased EBV viral loads in circulation readily detectable by polymerase chain

reaction.

5.2  EBV Type Distributions

EBV type prevélence has been reported in different geogra}i?ﬂcal locations and
population settings. (Zimber. et al, 1986) showad that EBV type 1 is common in
developing countries and it‘ is more prevalent than EBV type 2. EBV type>2 was first
described in Kenyan BL cell lines by Young and cblleagues in 1987. Mixed EBYV type
1 and 2 multiple infections- were commonly described in HIV immuno-compfomised
individuals by Sculley ef al., (1990)) and T cell immuno-compromiéed by (Y éung et
~ al, (1987). Weinreb and colleagues in 1996 depicted diff_erent EBYV type >1 and 2 levels
of expression in Hodkins lymphoma cases in Kenya. This study charactcfized different
EBV types in blood and saliva compartments in asymptomatic individuals from
neighboring regions with different Burkitt’s lymphoma incidence rates. Multiple EBV
vtype_l and 2 infections were highly detected in th_e» hot Spot with no cése of single
infection. This may be accredited to the reduced anti-EBV immune responses in this
region and high malarié paraéite infections responsiﬁle for the auginented EBY viral
loads m circulation that can 4easily be detected.bReducéd immune séléctiOn i)r_e'ssure (the
intensity with Wthh the,'ir.nmune system tends to eliminate the infection) due to
suppressed EBV iﬁlmuhity by recurrent malaria inféct_iOn could be .adding to the

* persistence of both EBV type 1 and 2 co-infections in the hot épOt.

Comparatively, low leVelé of EBV single -'iﬁfections as Well as multiple
infections by the two EBV types were identified in the cold spot. Reduced Plasmodium
falciparum infections present little effect to EBV immunity and hence high immune
Selectio_n pressure which resulfs to single infecﬁons of gither type 1 or 2, and restricted

levels of EBV type 1 and 2 multiple infections as well. Détermining the influence of
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immune selection pressure on viral evolution should be carried out to help identify the
dominant alleles that influence viral loads in EBV infected persons and also define

those that are most associated with antiviral effects.

Although endemic Burkitt’s lymphoma incidence has begn described to be
higher in males compared to females at a ratio of 3:1 (Rainey et al. 2007); more males
than females present with abdominal tumors (Biggar et al;, 1978), and no sigﬁiﬁcant
difference in the EBV type distribution in mothers/children and males/females has been
reported. In the present study, gender and ‘age disparities did not show significant
association with EBV type distribution. Case control investigations should thefefore be
carried out to identify the most common EBV type associated with BL malignancies in

the malaria holoendemic regions.

5.3 EBYV Types and Malaria Infections.

From receﬁt studies by (Chéne et al., 2‘007)) and (Laichalk and vThorley-
Lawson, 2005), it has been shown that antigenic stimulation and reception of plasma
differentiation signals for antibody production induces EBV reactivation into the lytic
cycle. VFurther, Plasmodium falciparum derived proteihs can also lead to a direct
reactivation of EBV .during acute | malarial infection, increasing the risk of BL
development for children living‘>in malaria endemic areas (Chéne et al., 2007). Cystein-
rich inter-domain region la (CIDR1a) of the Plasmodium falciparum erythrocyte
membrane protein 1(PfEM-1) induces proliferation and activation of B cells. (Chéne ei
al., 2007 ; Thorley-Lawson 2001). High detection of EBV DNA in saliva samples from
the hot spot in the present investigation can‘ be attributed to Plasmodium falciparum
infection which stimulates virus shedding in thé throat of the asymptomatic individuals
promoting virus transmission through kissing or sharing of feeding utensils as also

reported by Cohen. (2000). Studies by Moorman and Rasti have shown high EBV viral
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loads in children from malaria endemic areas (Moormann et c-zl., 2005; Rainey et al.,
2007). Donati also demonstrated that acute maléria infection leads to increased levels
of circulating EBV which are cleared following ant-malarial treatment. (Donati ef al.,
2004). Therefore, ready detection of the EBV DNA is highly attributed to Plasmodium
falciparum infection. These results suggést that malaria infection ddEs not alter the type
of EBV strain but plays a role on the level vof viral detection. Co-detection of EBV type
1 and 2 is more frequently seen in mélaria positive individual. EBV type 1 single
-infections were detected in healthy in‘div_iduals with high EBV specific immunity due to

its virulence as shown by Zimber and colleagues in 1986.
54  EBV Transmission.

EBV type 1 and 2 co-infections were significantly evident in both blood and
saliva compartments of mother-child pair compartments. Single infections detected
were complementary in the bl'oodriand saliva compartments suggesting horizontal
transmission from mothers to their :ehildréﬁ mainly through saliva during feeding and
kissing as s_hown by Cohen, 2000. Whether EBV transmission is intrauterine or only

after bath is not well understood and needs further investigations.
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CHAPTER SIX: CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusion

. EBV types 1 and 2 mulﬁple infections in blood and saliva were common in both
sites but more ﬁrevalent in the hot spot areas. Single infectionsbwere dominant in
the cold spot region. Thére was concordance of type 1 and 2 co-infeétions in blood
and saliva from mothér—c_hﬂd pairs in the hot spot. EBV detection and type
distribution was indepeﬁdent of age and gehder‘. EBV type distribution was not

however dependent on the prevalence of malaria and EBV specific T cell responses

- were reduced in malaria infected individuals.

6.1.1 Recommendations from the Results
Public education should be conducted to create awareness about the me_dical ,
importance of EBV. Malaria control measures should be enhanced to maintain the

body’s immunity against EBV infections.

6.1.2 Recommendations for Future Research Wofk .
x : Further genetic typlng should Be done 't_o confirm EBV strain transmission
geiten o et 5 | E
A Burkitt’s lymphoma case co.nt_f_ol. stu:dy‘ should ‘be carried out t§ investigafe
specifig EBV strains Vlral loads, lev_els of EBV specific innate and adaptive
immune response mediators, and essential huiriehté. | |
Monitoring and evél;iation studies sh§uld be conducted to ﬁnd out the use and

effect of malaria control nieasures'irrlplfemented in malaria holoendemic areas.
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