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ABSTRACT

Epstein Barr Virus (EBV) has emerged as an impor&iologic agent of infectious
mononucleosis and still-growing number of lymphdiecative disorders. It is also a potential
cause of acute febrile illness (AFI). At presehg viral-prevalence of EBV and its association
with acute febrile illness have not been adequastlyglied in Africa. This study sought to
catalogue the prevalence and viral loads of EBYatients with acute febrile illness in Kenya.
A voluntary hospital based cross-sectional studyEBV infection was conducted between
September 2008 and April 2013 on 2107 patientseptesy with AFI at eight out-patient clinics
across Kenya. EBV was detected in whole blood ByagMan-based real-time PCR for the
BALF5 region of EBV genome. The primers and probssd were obtained from commercial
sources (Applied Biosystems, Foster City, CA, US&)d the positive control was purchased
from Vircell Microbiologists, Granada, Spain. Prirece rates and viral load level were
determined and examined according to demograplaitacteristics, region of residence, malaria
endemicity and malaria infection. EBV was detedte@9.1% (614/2,107) of the recruited AFI
patients. Their viral load ranged from 52 to 7.180%copies/mL (mean 35,699 copies/mL;
median 4,699 copies/mL). Viral prevalence was égghn patients aged below 5 years but
reduced with increase in age. Of the 614 positatiepts, 443 (72.1%) had viral load above the
2,000 copies/mL cutoff that is considered clinigathportant. Again the <5 year olds constituted
the majority in this group (p<0.05). Regionallyethake Victoria and the coastal regions were
found to have higher prevalence rates compareletdighland of Kisii and semi-arid areas (p=
0.1636). Of the following clinical features that nvecommonly associated with AFI, chills,
cough, sore throat, headache, runny nose, abdomé&a) joint aches and muscle pain, EBV

viral load significantly associated with runny ngg=0.0006). Regarding malaria endemicity,

Xi



incidences of EBV infection were higher (35.7%Ya@gions considered holoendemic for malaria
(L. Victoria basin and coast) compared to (22.9%%) Hypoendemic regions (highland of Kisii
and semi-arid areas) (p<0.05). Finally, comparisbrviral loads between AFI patients co-
infected with EBV and malaria and those with EB¥eutions alone revealed higher viral loads
in the co-infected group (5,329 copies/mL compae®,655 copies/mL, p= 0.004), and this
difference was much more pronounced in the 5-9 gk, The study demonstrates that EBV is
a common infection among patients with AFI; herfee heed to create more awareness among
healthcare workers that EBV can be an importansead AFI. The age, malaria endemicity, and
infection with malaria influence EBV prevalence arnhl load levels. Like other AFI, clinical
features are not helpful in arriving at EBV diagsod he findings further suggest the need to
investigate whether increased EBV viraemia in EB&tlara co-infections among the 5-9 year

olds is a precursor to the development of Burkittphoma.

Key words: Epstein-Barr virus, acute febrile illagsgiral load and Malaria
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CHAPTER ONE: INTRODUCTION AND LITERATURE REVIEW

1.1.Introduction

Acute febrile illnesses (AFI) are defined as nogeific illnesses presenting with fever3gC
without a readily diagnosable source after routtirical evaluation (Cunha, 2007; Chow &
Robinson, 2011). They are the most common causesitplatient attendance and mortality,
especially among children in Africa (Syketsal., 2011). The underlying pathogens are largely
unknown in Africa partly due to limited diagnostiacilities for infectious diseases (WHO,
2011). Because of the high prevalence and mortakgociated with malaria, most AFIs are
assumed to be malaria and managed as such evéisénc& of the parasites. If the patient
doesn't get better, it is assumed that the feves waused by a resistant malaria strain and
another anti-malarial treatment is prescribed (Bgjet al., 2000). However, with the ongoing
vigorous malaria control and prevention campaignhas now become clear that clinical
presentation alone is not diagnostic of malarias Flas generated interest to explore for other
infectious agents of AFI so as to plan for diseasgeted management. Recent data indicate that
Epstein Barr virus (EBV),Mycobacterium tuberculosus, Salmonella, Brucella, Rickettsia,
Leptospira, Cytomegalovirus and Human Immuno-deficiency ViliHV) can be important

causes of AFI (Dilelet al., 2011).

Epstein Barr virus, also known as Human herpesvus a very common viral infection in the
world and is an emerging cause of AFI globally Xr&erological studies have shown that over
90% of the world’s adult human population has doeen infected with EBV (Rickinson, 2002
Rezk & Weiss, 2007). Most infected individuals reémhealthy for the rest of their lives but a
few may develop symptomatic infection commonly eluterized by fever (Thompson &

Kurzrock, 2004). Other patients may present witmphadenopathy, pharyngitis, abdominal



discomfort, palatal petechaie, rash, headacheguiti malaise, ulceration splenomegaly,
hepatomegaly, jaundice, and periorbital oedema. eSamy develop complications such as
autoimmune hemolytic anemia, splenic rupture, hdragpcytic lymphohistiocytosis, and
neurological complications which can be life- thezang (Hess, 2004). The disease generally
lasts for about 1 to 4 weeks (Thompson & Kurzrd@Q4). The virus has increasingly become
important in immunosuppressed individuals, eithemf increased cases of HIV or due to
increasing cases of transplant and cancer chenapherPrimary infection and possible
reactivation in the body may not only lead to ocence of severe fever but can give rise to a
wide variety of benign and neoplastic diseasesingnffom Hodgkin’s lymphoma to Burkitt
lymphoma, post-transplant lymphoproliferative dasns (PTLDs), and oral hairy leukoplakia in

AIDS patients (Gulley, 2001; Rezk & Weiss, 2007).

Making correct diagnosis for a cause of febrileads remains a public health challenge in many
healthcare facilities (WHO, 2011). For EBV inducfabrile cases, reliable diagnosis should
include detecting and quantifying DNA load in ctiai samples. Although the correlation
between EBV burden and disease status is inconhplatederstood, recent clinical studies
suggests that whole blood EBV loads can be es$entimeasuring pathogenesis and risk of
developing EBV-associated disorders (Stevensl., 2001; Stevenst al., 2005). There are
several methods of detecting and quantifying EBYalvioad. These include dot blotting,
Southern blottingin situ hybridization, conventional PCR, and real-time PQ@Bthods (Layet

al., 2010). The advent of real time qPCR has revahiged diagnosis and monitoring EBV-
associated diseases. It is generally preferredtdosensitivity, specificity, speed and ease of
handling (Leunget al., 2002; Ludereet al., 2005 Lay et al., 2010). It has become an important

tool for early diagnosis of infections as well aeehnique to monitor response to treatment. By



use of quantitative real time PCR, Stevenal. (2001 &2005 haveexplained that a cutoff value
of 2000 EBV DNA copies /ml of blood clearly demaes patients with EBV-associated
disorders from healthy EBV carriers. A study by taat al (2007 has suggested that individuals
with EBV DNA levels> 50 000 copies/mL should be considered to havehifeatening EBV
infection. A viral load of up to 120,000 copies/nmhay indicate a case of non-Hodgkin's
lymphoma in Aids patients while elevated viral lead up to 4,592,000 copies/mL of blood may

indicate cases of Burkitt lymphoma (Stevehal., 1999; Meerbackt al., 2001).

In Kenya, EBV is well known as a cofactor in thevelepment of endemic Burkitt lymphoma
(eBL). This is the most common pediatric cancepaating for 70% of cancer related childhood
mortality in equatorial Africa (Moormanet al., 2011). Although it is widely known due to its
association with eBL, there is little data on iisal¢prevalence and association with acute febrile
illness. Using quantitative Real Time PCR techaigthis study sought to investigate EBV
infection in febrile patients attending hospitalgifferent parts of the country so as to determine

its role in the occurrence of acute febrile illness

1.2. Literature review

1.2.1. Epidemiology of EBV

Epstein Barr Virus is extremely ubiquitous and édidwved to be harbored by more than 90% of
the world adult human population (Rickinson, 20B2zk & Weiss, 2007). It is a tumorigenic
human herpes virus that mainly infects B-cells apdhelial cells (Hassagt al., 2006). It is
known to be the causative agent of infectious mankeosis (IM), an acute but a self-limiting
clinical syndrome that mainly afflicts children aratlolescents in the developed countries

(Gulley, 2001; Williams & Crawford, 200®Rezk & Weiss, 20071ay et al., 2010). EBV is also



implicated in the etio-pathogenesis of still-grogzinumber of a wide variety of benign and
neoplastic diseases. This include B-cell lymphdfewdtive disorders such as Hodgkin’s
lymphoma, Burkitt lymphoma, and post-transplant pyroproliferative disorders (PTLDs); T-
cell lymphoproliferative disorders such as perighédr-cell lymphomas, angioimmunoblastic T-
cell lymphoma, and extranodal nasal type natutbdrkT-cell lymphoma (Carbonet al., 2008).

It is also involved in the occurrence of epithetiahors ranging from nasopharyngeal carcinoma
to Non-Hodgkin’s lymphoma to gastric carcinoma amdl hairy leukoplakia (Gulley, 2001;

Rezk & Weiss, 2007).

In the more industrialized societies where subghptoportions of the population enjoy higher
socioeconomic status, primary infection mainly asaduring the adolescence or early adulthood
(Haahr,et al., 2004). In these developed societies, about 50%eoyoung adults develop the
febrile-like syndrome commonly referred to as itif@es mononucleosis or glandular fever
(Tarbouriechet al., 200§. In the underdeveloped regions such as Africati®&ast Asia and
Latin America, primary infection is more frequentigquired during childhood and is often

thought to be asymptomatic (Figueira-Silva & Pexreh004).

Variation in the distribution and prevalence of EB¥ection in the world has been shown to
occur with the main contributing factors being seeconomic, geographical and hygienic
conditions (Thompson & Kurzrock, 2004). In the @aitStates, a study conducted in the military
academy at West Point showed that the rate of EBdgbence varied in relation to the
geographic area within the United States from witieh cadet originated (Hallest al., 1974).
Those from west, north central, and New Englantesthad an EBV prevalence of about 50%
while those from the south central and east cestedés had an EBV prevalence that exceeded

75%. In addition, the same authors found out thafrevalence varied with the economic status,

4



with rates averaging 77% in cadets from familiegwimcomes under $6000, in contrast to rates
of 59% in cadets from families with incomes abo®@ $00. These data sets were reinforced by
other studies that demonstrated a strong correlaifohigh EBV prevalence with low family
income and education level (Figueira-Silva & Pexei004). Their results also showed that the
prevalence increases with the age, hence indicttiaigalmost all people in the world become

infected during their lifetime

1.2.2. Taxonomy, structure and biology of EBV

1.2.2.1. Taxonomy

Epstein Barr virus or human herpes virus (HHV)-4 member of herpesvirus family, belonging
to the genus Lymphocryptovirus. Named after the discoverers, Michael Anthony Hpssand
Yvonne Barr, EBV was first identified using electrmicroscopy in a small percentage of cells
cultured from Burkitt lymphoma in 1964 (Epsteinal., 1964; Cohen, 2000). It is a persistent,
latent and contagious agent that has co-evolved litnans for over millions of years and as a

result, it has become one of the most well adapézdes viruses in the human population.

Two strains of EBV, that is EBV-1 and EBV-2, infebimans. The strains differ in the
sequences of EBV nuclear antigen (EBNA) gene (Samst@l., 1990). EBV-1 infection is more
prevalent in North-America and Europe while EBVrEection is more prevalent in Africa (Yao
et al., 1998). HIV patients may be co-infected with mtran one strain of EBV-1 or EBV-2,
with both EBV-1 and EBV-2, or with intertypic rectwnants. In the United States and Europe, a
much higher frequency of EBV-2 has been reportedilivi positive individuals (Yaoet al.,

1998).



1.2.2.2. Viral structure

EBYV is an enveloped, icosahedral, double strandgd Birus with a diameter of 120 to 220 nm.
Its DNA molecule is approximately 186 kilo baserpan length, and consists of unique long
domains, internal repeats, and terminal repeat dwméHess, 2004). The internal repeat
sequences serve to divide the genome into shoriangdunique sequence domains that have
most of the coding capacity (Kie#t al., 1982) (Fig.1). The genome encodes 86 proteins
(Tarbouriechet al., 2006), majority of which are essential for reging the expression of viral
genes, replicating viral DNA, forming structuralneponents of the virion, and modulating the
host immune response. EBV DNA is surrounded bycasahedral nucleocapsid that consists of
162 capsomers. This nucleocapsid is covered byiprtegument which is, in turn, enclosed

by the viral envelop that consists of multiple Vigbycoproteins (Liebowitz & Kieff, 1993).

1.2.2.3. Life cycle

Figure 2 shows the schematic presentation of EB& dycle in the human host. The virus
primarily infects squamous epithelial cells in irepharynx and B lymphocytes (Gulley, 2001).
Infection begins with attack of epithelial cells e oropharynx following the contact of EBV
virus with oral secretions. The virus initiatesidyinfection within the epithelial cells resulting
into mass production of virus which consequentlyses the cells to burst open (Cohen, 2000).
How the virus accesses these epithelial cells ss igell understood, because such cells are
largely resistant to infection with cell-free virus vitro (Shannon-Loweet al., 2006). B
lymphocytes become infected when they come intdambrwith infected epithelial cells. While
within the B cells, the virus disseminates to othedy parts via the bloodstream. Survival of the
virus inside the B cells results into latent infentand immortalization of the cells. When the B

lymphocytes return to the oropharynx, they occasdlgnundergo plasma-cell differentiation,



which triggers viral replication and eventuallguéis into release of virus in saliva for spreading

to other hosts or may infect more B lymhpcytes @gl2000; Young & Rickinson, 2004).

a EBWV genome: latent genes EBER1 EBERZ
— _E

Double-stranded DMNA episome

EBMA1

EBMNA-LP
EBMAZ

EBMNAZA

b Open reading frames for the EBV latent proteins
oriP
Mper a
Vleww wwwwy H FQuPo|m

TR WOV W WOW WY TR
L J

—{
-
8
L]
N
i
a
(=3
-
(=3
Zz
2

EEBMA-LF EBMAZ EBMA3A EBMA3B EBNA3C EBMNA1 LMP1

The Epstein—Barr virus (EBV) genome

Expert Reviews in Molecular Medicine ©2001 Cambridge University Prass

Figure 1. The general structure of Epstein Barr virus gendi@ung & Rickinson,
2004)



Virus

vt

Epithelial Cell

"

» \irus

\

Plasma Ce Naive B Cell
A

Germinal Center

Dividing Memory B Ce

— Resting Memory B Ce

Figure 2. Schematic presentation of EBV life cycle (Thorlegwson, 2005)

1.2.2.4. Latent infection and transformation

EBV latent infection of B lymphocytes is crucialk fairus persistence, subsequent replication in
the epithelial cells, and the release of infectigings into saliva. According to Babcoek al.
(1998), the resting memory B cells are the sitpeafistence of EBV within the body. Their
study also indicated that in a normal adult, 1@ac8lls per million in the circulation are infected
with EBV, and that the number of latently infecteells within a person remains stable over
years. During this type of infection, only a few thie nearly 100 EBV genes are expressed.
These latent genes include six EBNAS, two latenhitrane proteins (LMPs), two EBV encoded
RNAs (EBERS), and transcripts from tBamHI A region of the genome. This latent infection is
advantageous to the virus in that it limits vir@ng expression, thus reducing the number of

proteins that permit the recognition of infectetlscby cytotoxic T cells.



Following a successful latent infection, EBV virefficiently induces B cells to undergo
transformation to permanent lymphoblastoid celle$inin a multistep process. The process
involves induction of mature B cells to enter ithe cell cycle (going from a Go, or resting state,
to G1). The EBV-infected cells then begin to pmigte in a manner that depends on high cell
density and on the autocrine production of B cethiwgh-promoting cytokines. The EBV-
infected B-cells continues to proliferate for oweperiod of time, and evolve into more rapidly

growing cells that are less dependent on autogroeth mechanisms (Kieff, 1994)

1.2.2.5. Patterns of latency

Four different patterns of latency have been aasediwith EBV infection. In latency 1, only
EBNA-1 protein is expressed in addition to the EBERd BamHI A transcripts. This pattern of
gene expression is typically observed in tissuegatfents with Burkitt lymphoma (Sbih-
Lammali et al., 1996). Latency 2 is characterized by the expoassi EBNA-1, LMP-1 and
LMP-2. This pattern is seen in tissues of patievite Hodgkin’s disease, peripheral T-cells, and
nasopharyngeal carcinoma (Cesarman & Mesri, 19R8)ency 3 is characterized by the
expression of all the EBV-associated latent pratdogether with the EBERs and BamHI A
RNAs, and it is usually seen in immunocompromisadividuals with EBV associated
lymphoproliferative disease and in lymphoblastoall dines (Niedobiteket al., 1994). The
fourth latency pattern comprises expression of LMPanscripts and, in some cases, EBNA-

1(Tierneyet al., 1994).

1.2.2.6. Immune Responses to EBV
Infection with EBV stimulates both cellular and haral immune responses with the former
being the most important for the control of thigestion (Cohen, 2000). During primary

infection, natural killer cells, helper T cells,daytotoxic T cells eliminate large numbers of
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EBV-infected B-cells by responding to about 10Gete#nt antigens (Rickinson & Moss, 1997).
This cell mediated response is probably responsifde the symptoms of fever,
lymphadenopathy, and splenomegaly experienced gltiie acute EBV infection. Immunity in
the latent phase mainly depends on HLA- restrictgdtoxic T lymphocytes (CTLs) which act
by lysing the expressed EBNAs and LMP proteins. Wah CTL responses are however
directed to EBNA-3 proteins, thus, in the instaneEBL and nasopharyngeal carcinoma where
only EBNA-1 appears to be produced, the virus evadestruction (Uchidat al., 1999).
Humoral response during this infection is evideythe elevated antibody titers to Viral Capsid
Antigen (VCA) and Early Antigen (EA) observed in stoinfected persons. Existence of
autoantibodies has also been observed. Accordisgitenji (1997), proliferation of specific B-
cell clones during reactivation leads to the proidncof autoantibodies for the glycine-alanine

repeat region of EBNA-1.

1.2.3. EBV transmission

EBV transmission occurs primarily through salivaa@tret al., 2004). In low socioeconomic
societies, infection is acquired in early childho@towding and the practice of pre-chewing
food for infants is said to be a contributing fac(de The’ et al., 1975). In the industrialized
societies, infection is frequently spread during thdolescence stage due to intimate oral
exposure (Hjalgriret al., 2007). Primary infection in the adolescence estagvelops infectious
mononucleosis in approximately half of the casewlf®uriechet al., 2006). EBV has also been
found in male and female genital secretions suggg#tat it can be transmitted sexually (Adjei
et al., 2008). Blood transfusion, bone marrow transgitom, and solid organ transplantation are

believed to be other means of transmission (Jur2G&5; Adjei, et al., 2008). Mother to unborn
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transmission via the placenta and breast feedisgalsd been reported in rare circumstances

although they are now considered non-significantl@soof transmission (Haalet,al., 2004).

1.2.4. Diagnosis of EBV infection

The diagnostic approaches for EBV infection varypeteling on the immune status of the
patients. They include physical examination, sajicll tests and polymerase chain reaction
based methods. Physical examination involves itieam§y an array of clinical characteristics
with the most predominant ones being fever, phatigy@nd lymphadenopathy. Other clinical
symptoms such as sore throat, headache, fatiguajseaulceration, hepatomegaly, jaundice,
periorbital oedema abdominal discomfort, palatategeaie and splenomegally are also
associated with acute EBV infection. Symptoms tg|tycoccur in the early phase of ililness and
subside about 6 to 10 days after the onset of pyinrdection but may persist for weeks.
Overlap of clinical symptoms of EBV with those aofher infectious diseases has made this
approach unreliable. In many hospital settingsiepts suspected to have active EBV infection
are routinely subjected to serologic test commordferred to as ‘heterophil antibody or
monospot test’. Positive mono spot test accompamyeidcreased total number of lymphocytes,
and existence of more than 10% atypical lymphociytdsdood normally confirms the presence
of the disease. Several antibody tests are alstablafor determination of past or recent EBV
infection. Current/ recent infections can be conéd by presence of IgG antibody to the viral
capsid antigen (VCA) and antibodies to the nuckedigen (EBNA). Past infections on the other
hand are confirmed by presence of IgM antibodyhi viral capsid antigen (VCA). Just like
physical examination, serologic tests can be uwaisidi since false-positive and false-negative

may be found in a few patients (CDC, 2006).
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Quantitative Real-Time Polymerase chain reactidRTPCR) test for EBV DNA is a highly
sensitive, specific and quantitative diagnostic rapph. Since its advent, it has become an
important tool for early diagnosis of EBV-associatencers. Stevere al. (2001 and 2005)
have explained that a cutoff value of 2,000 EBV DN#pies /ml of whole blood clearly
demarcates patients with EBV-associated disordens thealthy EBV carriers. Aaltet al
(2007 on the other hand has discussed that individuale @BV DNA levels > 50 000
copies/mL are considered to have life-threateniBY kfection. Stevenst al in 1999 suggested
that a viral load of up to 120,000 copies/mL magicate a case of non-Hodgkin's lymphoma in
Aids patients while elevated viral loads of up t&32,000 copies/mL of blood may indicate
cases of Burkitt lymphoma. Although qRT-PCR ishiygreliable, it is not widely used in

resource-limited settings because of the high djpera cost and training required.

1.2.5. Treatment of EBV infection

Although many antiviral drugs such as acycloviréanéeen shown to be potent inhibitors of EBV
replication in cell culture, there is still no knoveure or specific treatment of patients infected
with EBV. A number of reasons have been postulédeexplain the failure of these drugs. To
start with, in acute EBV infections, symptoms argidious in onset. The insidious onset together
with a long incubation period of about 4 to 6 wesdsults into delayed diagnosis of the disease.
Secondly, since the virus is shed in saliva, leeélantiviral drugs achieved in the oropharynx
after oral drug administration may not be enougtsuppress virus titres in saliva. The third
reason is that most clinical signs of this infestiare due to immunopathogenic responses to
EBV-infected cells and not due to viral cytopatigylan infected tissues (Gershburg & Pagano,

2005). Treatment consists of measures to helpveebgmptoms and keep the body as strong as
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possible until the virus clears up. Such measurelside medications to treat symptoms, plenty

of drinking fluids and abundant rest.

Nevertheless, certain medicaments that include vieaiti therapy coupled with
immunomodulatory drugs are used. Two groups of sirbgve been shown to be strong
candidates for treatment of EBV. The first groupnpoises of compounds that target the viral
DNA polymerase. These include acyclic nucleosideal@ues (acyclovir, ganciclovir,
penciclovir); acyclic nucleotide analogues (cidafoand adefovir); pyrophosphate analogues;
and 4-oxo-dihydroquinolines. The acyclic nucleotatglogues consist of compounds that are
potent inhibitors of EBV replication. They includearibavir, f-L-5-iododioxolane uracil and
indolocarbazole NIGC-I. Maribavir acts by directly indirectly inhibiting viral protein kinases.
It also interferes with nuclear activity of viriodsiring maturation. Indolecarbazoles on the other

hand causes slight inhibition of EBV BGLF4 proté&ershburg & Pagano, 2005).

1.3. Problem statement

Epstein Barr virus is known to have a bearing @dbcurrence of a number of syndromes and
malignancies especially among children and adofgscélowever, the viral-prevalence of EBV
and its association with acute febrile illness hawe been adequately studied in Kenya. The
present study was therefore conducted to cataltgueiral-prevalence and viral loads of EBV

in patients with acute febrile illness in Kenya.

1.4. Justification and significance of the study
EBV is a potential cause of acute febrile illnesis however not among the differential
diagnoses of acute febrile iliness in Kenya, anciaibn that cases of AFI associated with EBV

infection are overlooked. It is therefore importaotdescribe EBV infection in acute febrile
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cases as this will generate data and informatiahrtiay find applicability in better management
and treatment of patients with AFI.

1.5. Objectives
General objectives

* To investigate Epstein Barr virus infection in pats presenting with acute febrile illness

Specific objectives

1. To detect Epstein-Barr Virus and determine virads in patients with acute febrile
illness

2. To determine EBYV infection rates and viral loaddisvamong age groups in patients with
acute febrile illness

3. To examine the association between clinical charestics and EBV viral load levels in
patients with acute febrile illness

4. To determine whether exposure to malaria has a&ctedih EBV prevalence and/or levels

of circulating EBV viraemia in patients with acdédrile illness

1.6. Hypothesis
Null hypothesis: Epstein Barr virus is not a comnnafiection among patients with acute febrile

illness in Kenya
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CHAPTER TWO: MATERIALS AND METHODS

2.1. Study design

2.1.1. Study site and subject recruitment

This study was a hospital based cross-sectiondlys®107 patients presenting with fever of
unknown origin (defined as temperatgr&8 °C) were recruited from eight healthcare facilities
located in the Lake Victoria Basin: Kisumu distincspital, New Nyanza provincial hospital and
Alupe sub-district hospital; Kisii highland (Kisdistrict hospital), Semi arid areas: Marigat
district hospital, Iftin sub-district hospital, Gssa police line clinic, and coastal region (Malind
district hospital). These healthcare facilitiesveelboth urban and rural areas. Figure 3 is a map
of Kenya showing the location of the eight healtedacilities from which acute febrile patients
were recruited. Blood specimen was drawn from guatlent on the day of recruitment, and was
temporary stored in liquid nitrogen dry shipper$obe being transported to the WRP/KEMRI

research laboratory in Kondele, Kisumu where thedatory assays was performed.

2.1.2. Ethical considerations and inclusion criteria

Eligible subjects were voluntarily enrolled and gtady protocol was approved by the Ethical
Review Committee of the Kenya Medical Researchitliiet Nairobi (SSC #, 1282) and the
Walter Reed Army Research Institute of Human UseeBeh Committee (WRAIR # 1402),
Silver Spring, Maryland, USA (Appendix 1). Volunteavere included in the study upon signing
and dating an informed consent (Appendix 2). Pexysiinany gender aged 1 year or older and
having a fever (body temperature38°C) were eligible to participate. Subjects not wmiijior

unable to consent were excluded from participatior. children less than 18 years, the consent
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was provided by the parent or guardian. For paiabte to give only oral consent, a witness was

allowed to sign the consent form on their behalf.

ETHIOPIA

UGANDA

OMALIA

TANZANIA

Figure 3. A map of Kenya showing sites from which blood s&spof acute febrile
patients were collected.
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2.2. Sample collection

Following the consent process, 2 mL of EDTA wholeok was obtained by venipuncture. The
samples were then aliquoted into multiple 1.8 mihewiand temporary stored in liquid nitrogen
dry shippers at the collection sites before beirapdported to the WRP/KEMRI research
laboratory in Kondele, Kisumu. On arrival at the W/REMRI research laboratory, the samples
were transferred to a -8UC freezer until required. For use, samples werevéldato room

temperature and kept on ice during the processnigg

2.3. DNA isolation

DNA was isolated using QlAamp MinElute Virus Spiit KQIAGEN sciences, Maryland, USA)
in accordance with the manufacturer's recommendatwiefly, 200 puL of blood was added to
25 uL of protease in order to deproteinize the dan@ell lysis was accomplished upon addition
of 200 puL of lysis buffer followed by a 15 seconpgse vortexing and a 56 i@cubation for 15
minutes. The deproteinised lysed DNA preparati@s when purified on QlAamp MinElute
column by addition of 250 pL of absolute ethandlofeed by centrifugation at 60009 for 1
minute. This was followed by a series of ‘wash apth’ involving 500 pL of wash buffers and
absolute ethanol, in that order, at a centrifugasipeed of 600 g for 1 minute for each wash.
To completely dry the membrane inside the colunfnjlapeed centrifugation at 20,08@ was
performed for 3 minutes. Finally, the purified DN#as eluted from the column by addition of
100 pL of elution buffer and stored at -4 until required. Two microliters of eluate was dise

for each PCR. This amount corresponded b 4f the original whole blood sample.
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2.4. Detection of EBV and determination of viral load

A BALF5 gene sequence from the EBV was amplifiedébyagMan- gPCR on an Applied
Biosystems’ 7300 sequence detection system (FdSig, CA, USA). The primers and
experimental procedures used to detect and quatitdytarget gene have been described
elsewhere (Kimura et al., 1999). The forward primer had the sequence 5'-
CGGAAGCCCTCTGGACTTC-3 while the reverse primer hathe sequence 5'-
CCCTGTTTATCCGATGGAATG-3. The TagMan probe had theequence 5'-
TGTACACGCACGAGAAATGCGCC-3' and was labeled at theehd with a FAM dye and at
the 3" end with a TAMRA dye. These primers and grolbere purchased from Applied
Biosystems (Foster City, CA, USA). The reaction wasformed in a 25 pL reaction mixture
which consisted of 12.5 pL TagMan (1x) universaRP@aster mix (Applied Biosystems, Foster
City, CA, USA), 0.5 pL of 0.2 uM of forward primend reverse primers, 0.25 pL 0.1 uM of
probe, 2 pL of DNA sample, and PCR grade water. Wrogtion was performed with the
following conditions: 98C for 10 minutes, and 45 cycles consisting of°@5for 15 seconds

followed by 60°C for 1 minute.

A sample was considered positive if the threshgldec(C;) exceeded the{Ovalues of negative
control samples (Fig 4 panel A). The positive cointonsisted of a plasmid EBV DNA (12,500
copies/ pL) that contained the BALF5 gene sequeAcstandard curve from thetGralues
obtained from 10-fold serial dilutions of the pladnDNA was constructed for each run. A plot
of the log of initial target copy number for a séstandards versusiGhould give a straight line
(Higuchiet al., 1993). Figure 4, panel B shows a typical exanople standard curve. It is from
this standard curve that copy numbers of the unknsamples were calculated by interpolation

of the experimentally determined- The instrument software (7300 System Sequence fwiec
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Software version 1.3, Applied Biosystems, Fostdy,GTA, USA) performed the whole process
of calculating the € values, preparing a standard curve, and deterqitie copy numbers of

the samples.

To control for cross-contamination, two samplesnely water for no template control and EBV
negative human sample for non-target template was® included in the assay. The
amplification results were valid only when the piesi control generated the acceptabiev@lue

while the negative controls (NTC and hDNA) remainatbetected. DNA concentrations in

copies/mL were then calculated according to thiewohg equation:

wholeblood copies/ mL = copies/rxn x % mL of sample/rxn

2.5. Data management and analysis

Numerical data were expressed as proportions anthbax@d using Pearson’s Chi-square or
Fisher's exact tests as appropriate. Continuous\date expressed as medians with interquartile
ranges. Comparison of continuous data from pagenips was carried out using Kruskal-Wallis

test or Mann-Whitney U test as appropriate. Sigaiice levels were set at 0.05 while

confidence intervals were held at 95%. Statistenahlyses were performed using GraphPad

Prism 5.
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Figure 4. Panel A: Standard curves generated from plasmidkmdwn
concentration. Panel B: Amplification of the BALHS5BV gene in 10-fold
dilutions. The logarithm of the change in fluoresoe Rn, is plotted against the
cycle number for the EBV gene.
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CHAPTER THREE: RESULTS

3.1. EBV prevalence in patients with acute febrile illness

This study was conducted on 2,107 AFI patients betwthe period of September 2008 and
April 2013. For patients where demographic data asslable, 1,033 were male (51.1%) and
989 were female (48.9%). The range of ages wasafl tge80 years, and the median age was 5
years. The overall viral prevalence of EBV was 208.(614 of 2107 febrile cases), which
included 309 male (29.9%) and 279 female (28.2%)er& was no significant difference
between EBV prevalence in males and femalés (X6300, df = 1, p= 0.4274, Fisher's exact
test). EBV prevalence was age dependent, beingsigh the 0-4 year olds (37%) compared to
25% in the 5-9 year-olds , 20% in the 10-14 yedsphnd 21% in those above 15 year&(X
51.36 , df = 1, p< 0.05, Chi-square test) (Figurpdnel A). EBV viral loads ranged between 52
to 7.19 x16 copies/mL (median, 4,699 copies/mL) and were alge dependent. The highest
viral load was recorded in the 0-4 year-olds (medz368, interquartile range 1,958-16,451)
compared to the 5-9 year-olds (median 2,783 capiesinterquartile range 1,358 — 8,385
copies/mL) (U= 18360, p 0.0008, Mann Whitney test) (Figure 5, panel B% (443/614) of
the patients with EBV had viral load above the B,@@pies/mL, the cutoff value for EBV-
associated disease (Stevens et al., 2001 and 2808&)were therefore considered as having
active EBV infection. More than half of patientg1{2443) with EBV viral load above this cutoff
value were under 5 years of age (54.4%), compareg9t(20.1%) in the age of 5-9 years, 15

(3.4%) in the age of 10-14 years, and 72 (16.3%yald5 years of age.
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Figure 5. Panel A: EBV prevalence in different age groupgatients with acute febrile
illness. Prevalence in the <5 year-olds were sicgnitly higher than in other age groups
(p<0.05). Panel B: Comparison of EBV viral loadsveen age groups. Patients without
demographic data are not shown, and thus are eectlimoanalysis involving age.
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As shown in Figure 6, regional EBV infection rateere highest in Lake Victoria region

(36.8%) and coastal region (29.6%) compared toi Kighland (23.7%), and semi-arid areas
(22.2%). This difference was statistically sigrdifit (p< 0.05, Chi-square test) (Appendix 3).
The proportion of patients with viral load above 000 copies/mL cut off value for probable
EBV associated disorders was also higher in thetabeegion (38/45, 84%) and the L. Victoria
region (246/322, 76%) than in the Kisii (75/116%§5and semi arid region (84/131, 64%) %X

13.72, df = 3, p< 0.05, Chi-square test) (Fig 7pgandix 4).

p =0.0001 p = 0.0001

45.0 +
36.8

40.0 - 29.6
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30.0 A 23.7
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50 -
0.0 - T

Highland Kisii (n= L. Victoria (n =875) Semi-arid (n = 590) Coastal (n =152)
490)

22.2

Prevalence (%)

Figure 6. Regional EBV infection rates were highest in ttaké Victoria basin and coastal
region compared to Kisii highland and the semi-agigion.
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Figure 7. Proportion of AFI patients with EBV viraemia above2000 copies/mL in
four regions of Kenya. The coastal and L. Victaggions had significantly higher

cases of AFI with viral load > 2000 copies/mL thaghland Kisii and semi arid areas.

3.2. Association of EBV viral load levels and presenting signs

The most commonly reported clinical signs of AFtigats with or without EBV were headache,
cough, chills, runny nose, joint aches, muscle schbdominal pain and sore throat. This study
sought to determine the influence of viral loadelsvon the occurrence of these symptoms. All
individual clinical signs assessed, with the exicepbf runny nose, abdominal pain, and sore
throat did not show significant association withasfe in EBV status (Table 1). A higher
percentage of cases reporting with runny nose wesdively associated with increasing viral
loads (p = 0.0006). Patients with complaints ofahuhal pain were significantly higher in EBV

sub-clinical group (i.e. viral load of between 1da2000 copies/mL) than in those negative for
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EBV and those with viral load2,000 copies/mL. On the other hand, cases repowitigsore

throat reduced significantly with an increase ia kvels of viral load (p = 0.0024) (Table 1).

Table 1. Association o EBV viral load level with AFI clinical symptoms. Eltable shows the trend in t
occurrence of symptoms (%) with respect to changéral load levels

Characteristic EBV Sub-clinical (1 — Clinical X?-value p-value
Negative 1,999 copies/mL) (>2,000 (df=2)
copies/mL)

Sympton
Chills 48.8 52,1 42.2 3.21 0.1947
Cougt 54.4 57.¢ 56.¢ 1.07 0.5852
Sore throe 24.0 15.¢ 15.¢ 12.1¢ 0.002:¢
Headach 59.6 59.1 43.€ 1.9 0.377¢
Runny nos 43.4 50.¢ 52.¢ 14.7: 0.000¢
Abdominal pail 39.1 42 29.¢ 7.8t 0.020:
Joint ache 36.1 33.% 27.t 1.1¢ 0.545:
Muscle ache 21.2 23.L 17.2 1.97 0.383:

Sign:
Mean temperature, °C, + ¢ 38.8 + 0.5! 38.9+ 0.5! 38.9+£0.6. F2104770.527  0.587¢
Mean illness duration, days , + 3.6+2.61 3.6+2.32 4.0+2.62 Fr13470.62¢ 0.(53€

Higher percentage of patients with runny nose veg®nted in the clinical group while the proportioh
patients with abdominal pain was highest in thedircal group than those negative for EBV andstéhin
the clinical stage EBV infection (p < 0.05). Sonedat was negatively associated with EBV infectif=
12.16, df = 2, p = 0.0024, Chi-square test).

3.3. Effect of malaria exposure on EBV prevalence and viral load

To evaluate whether exposure to malaria impactsapeace of EBV, study participants were
divided into two groups. Group one consisted ofgma$ residing in areas considered to have
intense malaria transmission (holoendemic malagaim), and included patients recruited from
Kisumu district hospital, New Nyanza provincial pdal, Alupe sub-district hospital, and
Malindi district hospital. Group two consisted ddtients residing in areas of sporadic malaria

exposure (Hypoendemic malaria group). Patientsigidroup were recruited from Kisii district
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hospital, Marigat district hospital, Iftin sub-dist hospital, and Garissa police line clinic. As
shown in Figure 8, prevalence of EBV was signifibaigher in the holoendemic malaria
group (35.7%) compared to the hypoendemic malavam (22.9%) (X= 42.19, df = 1, p =
0.0001, Chi-square test). Within the holoendemeaaarthe prevalence was highest (42.4%) in
children below 5 years when compared to other adddergroups; 5-9 years (32.3%), 10-14 years
(20.0%), and>15 years (22.3%) (¢ 26.58, df = 3, p<0.05) (Fig. 9, panel A). Unlikiee
holoendemic malaria group, there was no significifierence in EBV positivity between age

groups in the hypoendemic malaria group<X4.626, df = 3, p > 0.05) (Fig. 9, panel B).
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Figure 8. Bar graph showing prevalence of EBV infection in

holoendemic and hypoendemic malaria areas
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Figure 9. Panel A: EBV infection rates in different age e in areas with intense
malaria exposure (holoendemic malaria). Panel BY lBection rates in different
age groups in areas with relatively low frequencies malaria exposure
(hypoendemic malaria).

We next evaluated whether coinfection of EBV andamia results into an increase in the level
of circulating viral load. As shown in Figure 1Qudy participants coinfected with EBV and
malaria had significantly higher viral load (medi&y329 copies/mL, interquartile range 2,455-
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14,596) compared to patients with EBV alone (3,88pies/mL, interquartile range 1,443-

12,285) (U= 25170, p= 0.004, Mann Whitney testy(Ri0).
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Figure 10. Febrile patients co-infected with EBV and maldra a higher

viraemia compared to individuals infected with EBMne.

Levels of circulating EBV virus with regard to agesre also compared in the two groups.
Statistically significant difference in viral loaslas observed only in the 5-9 years age group,
where those with EBV-malaria co-infection had higheal load (median 3,849 copies/mL,
interquartile range 1,935-11,715) compared to tivagle EBV alone (median 2,243 copies/mL,

interquartile range 1,075-6,508) (U= 1354, p= 0,0@08nn Whitney test) (Fig.11).
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Figure 11. Comparison of viral loads between age groups anpatgents with EBV-

malaria co-infection (EBV-mal) and those with EBMrze
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CHAPTER FOUR: DISCUSSION

4.1. Summary of discussion

Acute febrile illness is a common cause of hosg@thhission and death in developing tropical
and sub-tropical countries (Animet al., 2009; Pondeet al., 2012). Making correct diagnosis
and selecting effective therapy for AFI patientsnans a public health challenge in many
healthcare facilities, particularly in areas whdr@gnoses are made on clinical grounds (WHO,
2011). A wide array of diseases can present asrARging from malignancy, collagen vascular
disease, miscellaneous non-infectious conditionsd, iafectious agents of viral, bacterial, and

protozoal nature (Cunha, 2Q@how & Robinson, 2011).

A clinically useful system to identify EBV and maather infectious agents as the cause of fever
is laboratory testing. In Egypt, for instance, conmity-based studies show that most patients
with AFI are diagnosed and managed clinically agirftatyphoid fever. These studies have
found that without laboratory testing, it is diffiit to distinguish typhoid fever from other causes
of AFI such as brucellosis and rickettsial diseg€&simpet al., 2003). In sub-Saharan Africa,
the presumptive treatment for all fevers as maldres been the adopted strategy, as
recommended by the Integrated Management of Cloldhidinesses (Bojangt al., 2000;
Chandramoharet al., 2002). However, recent studies have found out mmajority of these
unexplained fevers are of non-malarial origin (WHAD11). The advent of real time qPCR has
revolutionized diagnosis and monitoring of manyedses. Although it is an expensive technique
in terms of operational cost, it is generally releafor early diagnosis of EBV disorders as well
as monitoring response to treatment. Its sengitigpecificity, speed, and ease of handling has
made it an important tool for clinical diagnosis(inget al., 2002 Lay et al., 2010). Generally,

a viral load of greater than 2000 copies per niélil of whole blood may result into EBV-
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associated diseases (Stevenal., 200 and 2005). According to Aaleb al (2007, individuals
with EBV DNA levels > 50,000 copies/mL are considered to have life-tereng EBV
infection. A viral load of up to 4,592,000 copie$/raf blood may indicate cases of Burkitt
lymphoma while elevated viral loads of up to 120,@@pies/mL may indicate a case of non-
Hodgkin’s lymphoma in Aids patients (Stevestsl., 1999). In this study, viral prevalence, load
and their association with patient’s characterssind malaria were determined by gPCR in AFI

patients who presented in various hospitals in ldeny

4.1.1. EBV infection rates in febrile patients

The overall prevalence of EBV among the evaluatttile patients was 29%. As has been
observed before (Norzurizh al., 2008), there was no gender influence on prevaldnéection
rates were highest in the age group <5 years (3@f6) reduced thereafter with increase in age.
These data illustrate high EBV exposure among wdnildoelow the age of 5 years, which is
consistent with a study by Figueira-Silva and Rar¢2004) who reported that the infection
occur more frequently at a younger age in childrem families with low socioeconomic status
in the state of Espirito Santo, Brazil. A seroepidgogical study conducted in Bangladesh
showed that 42% of infants had antibodies to EBMHeyage of 1 year, and a significant rise in
the percentage of sero-positives was observed bat@€l- and 1-2-year-old children (Hacgie
al., 1996). In Malaysia, 100% of older individuats §0 years) were found to be carriers of
EBV, reducing to 98.6% among 21-40 year-olds, 96%1-60 year-olds and then to 77.5% in
the 0-20 year olds (Norzurizet al., 2008). Additionally, a study in Japan documentégh
infection rates of EBV in early years of childhoddhe study reported that > 90% of 5-9 year-old

children had EBV antibodies (Takeudhial., 2006).
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In the developing countries, the poor socio ecowostatus, crowding especially in public
schools, and the practice of pre-chewing food fdants have previously been associated with
acquisition of EBV (Sumayset al., 1975 Biggaret al., 1978; Crowcroftet al., 1998). Although
acquisition of EBV infection in the preadolescetdge has been shown not to result into
infectious mononucleosis, recent data suggestthitearly acquisition is harmful. In southern
China, for instance, early infection has been aateat with occurrence of nasopharyngeal
carcinoma (Chang & Adami, 2006). Occurrence of pldtsclerosis, a condition of the nervous
system, has also been linked to early acquisitibrpronary EBV. A study by Pohl and
colleagues (2006) showed that a significantly higheoportion of children with multiple
sclerosis had been infected with EBV than matchadrols, and that the infection had been

acquired sometime before the diagnosis of mulsplerosis

In this study, viral load data of 443 out of 61B\Einfected individuals (72%) had a viral load
above the 2000 copies/mL of blood (Figure 7), aoffuthreshold for EBV related illness
(Stevenset al., 2001 and 2005). This is contrary to previoudigs that have indicated that
infection during early childhood, especially in ottes of low socioeconomic status, is largely
asymptomatic (Figueira-Silva & Pereira, 2004; Snigteal., 2012). From this data, it is of the
opinion that, 21% (443/2107) of the AFI patientsds¢d probably came to the hospital because
of EBV related infections. The highest burden agded with symptomatic EBV infection (241
out of the 443) was borne by children <5 years (6lP6). This proportion was significantly
higher compared to the other three age categaee20% for the 5-9 year-olds, 3% for 10-14
year-olds, and 16% for the > 15 years. These fggliagain contradict reports which have
persistently claimed that symptomatic primary EBWection as a rare phenomenon in early

childhood (Figueira-Silva & Pereira, 2004; Haahal., 2004; Junker, 2005; Tarbourieehal.,
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2006 Hjalgrim et al., 2007). These studies document that symptomativ’ EBection or
infectious mononucleosis is a disease of the adefds, occurring when they get primary

infection through the intimate kissing.

Socio-economic factors have been shown to influesese-prevalence rate of EB¥igueira-
Silva and Pereira, 2004). Thompson & Kurzrock @08ocumented that, in addition to socio-
economic differences, geographical location anddngplay significant role in the occurrence
of EBV. In regions such as Africa, Southeast Asiad Latin America where substantial
proportions of the population are of low socioeaoistatus, EBV prevalence is near 100% by
early childhood (Figueira-Silva & Pereira, 2004;dHg et al., 2004; Junker, 2005). In the
current study, infection rates were relatively ldgm the Lake Victoria basin at 37%, 30% in the
coastal region, 24% in the highlands of Kisii anerevlowest in the semi-arid region, at 22%,
(p< 0.0001) for difference between Lake Victorigiom, Kisii highlands and semi-arid region.
In addition, the Lake Victoria and coastal regitrasl the highest cases of febrile patients with
EBV viral load > 2000 copies/mL cutoff value compared to Kisii asemi-arid areas. The
possible explanation for this higher EBV prevalentd.. Victoria and the coast could be the
existence of prevalent malaria and HIV in theseareg)(NASCOP, 2009DOMC, 2009) which
possibly lead to immunosuppression in individudlat twould subsequently succumb to EBV

infection.

4.1.2. Association of EBV viral load levels with patients’ characteristics

Clinical features of symptomatic EBV infection arsually non-specific. However, the severity
of these clinical signs and symptoms has been showary with the status of EBV infection. In
most cases, a triad of fever, lymphadenopathy, @imatyngitis are reported in acute EBV
infection. Other symptoms may include abdominalcaimsfort, palatal petechaie, rash,
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splenomegaly, hepatomegaly, jaundice, and perarbikdema. Prior studies on various viral
diseases such as HIV/AIDS, Burkitt lymphoma, hadgklymphoma, nasopharyngeal
carcinoma, and Post-transplant Lymphoproliferabgorder (PTLD) have suggested that viral
loads in whole blood or plasma as measured by datwe PCR mirrors clinical status of the
diseases (Yangt al., 2006 Asito et al., 2010; Gulley & Tang, 2010; Hohaes al., 2011). In
order to find any clinical manifestation that couydckdict elevated EBV viral load and help in
clinical decision-making, the current study atteeapto find the association between viral load
and various AFI clinical features. Increasing numlaé complaints of runny nose was
significantly associated with higher viral load.r&¢hroat and abdominal pain on the other hand
were negatively associated with the increase ial\oad. Other clinical complaints such as
chills, cough, headache, muscle aches, joint atloely, temperature, and illness duration did not
show any significant trend with changes in the e viral load. Although runny nose was
significantly associated with change in viral Idadels in this study, more investigations need to
be carried out to ascertain this. A number of otfegrorts have suggested that the levels of
circulating EBV do not necessarily reflect the atence of clinical manifestations of EBV
associated disorders. Instead, they have assodiagedlinical features with the intensity of
immune reactions elicited by EBV, especially théivity of cytotoxic T cells (Greshburg &
Pagano, 2005; Camerehal., 2006; Drebbeet al., 2006; Haraet al., 2006; Hongget al., 2012).

It therefore may not be appropriate to link runmga to change in levels of EBV as depicted in

this study.

4.1.3. Effect of malaria exposure on Epstein - Barr virus infection
Studies on EBV in Kenya are mostly focused on ifieethreatening endemic Burkitt lymphoma

(eBL), a common pediatric cancer accounting for #f%ancer related childhood mortality in
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equatorial Africa (Moormanmt al., 2011). This is solely because EBV and malariagites
have been found to be the major cofactors in thkeggenesis of this lymphoma. It is however
not known how these pathogens interact to cause(®®brmannet al., 2005; Moormanret al.,
2007 Chattopadhyayt al., 2013). Since there is currently no documentatiorthe@ prevalence
of EBV in Kenya, little is known on the effect ofataria on the occurrence of EBV infections.
Therefore examining whether malaria endemicity iafelction influence the prevalence of EBV
infection as well as the level of circulating vidalad is an important issue in this wake of
increasing cases of EBV associated illnesses. Taéwept study has revealed that EBV infection
is more prevalent in areas of intense malaria tméss®on than areas of sporadic malaria
transmission. The results also show that in holeend malaria areas, higher EBV infection
rates are more likely to occur in children below #ye of five years than would occur in older

age groups. This however seems not be true in afegmradic malaria transmission.

Clearly, viral load was higher in EBV-malaria cdeated group compared with EBV infected
group without concurrent malaria infection. Thiseppbmenon was also particularly observed
among the age groups, with cohorts of EBV-malaoanéected group showing increased viral
loads than their counterparts in EBV infected gredghout concurrent malaria infection. This
was much more pronounced in the 5-9 years age geofipding that corroborates with what has
been previously published as the age with the Isighisk of developing Burkitt lymphoma
(Morrow et al., 1976; Mwandaet al., 2004) and thus calls for critical investigationtive future.
Our results agree with earlier report by Latmal (1991) who found that children with acute
malaria had a higher frequency of EBV-infected Bscthan children who had recovered from

malaria. Similarly, a study by Moormarmhal (2005) documented that children between the age
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of 1 year and 4 years living in areas with highelaria exposure had elevated EBV viral loads

when compared to those living in areas with re@jivow exposure to malaria.

Thus, the finding in the current study and thogmred above could suggest that the possible
cause of the increased EBV prevalence and elevigegls of EBV in individuals with
concurrent EBV and malaria infections may be dué¢ht activities of malaria parasite in the
host. Studies elsewhere have shown that malaatioh induces apoptosis (Toure-Batdeal.,
1996). This parasite-induced apoptosis would cbate to reducing the immune response
directed to other infections, by increasing thegility of potential effectors cells. The malaria
antigen-induced apoptosis may also alter the Iyropigocomposition in the peripheral blood
(Toure-Baldeet al., 1996) which, in the case of co-infection with EBWay result into increased
viral replication. Roseet al. (2001) and Jayasooriya al. (2012) have expounded further by
suggesting that EBV-specific T-cell immunity becormnepaired during malaria co-infection,
either as a cause or consequence of enhanced E#ivat®n. This consequently results into a
reduction in T-cell responses which, in turn, cailsses of viral control. It has also been
suggested that malaria parasite has a tendencyndfcing polyclonal B-cell expansion
(Moormannet al., 2005; Njieet al., 2009 Korir et al., 2012). Thus elevated viral loads among
individuals living in areas with high intensity ofalaria transmission, and those with concurrent
EBV and malaria infection probably reflect an imdit expansion of EBV-infected B cells in
their peripheral blood. It can therefore be saat the expansion of EBV-infected B-cells during
malaria infection enhances an increased circulafdaBV virus in saliva for spreading to other

human hosts which, in turn results into increasBY [grevalence.
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There were several significant limitations to otudy. First, the use of a hospital based cross-
sectional study design meant that infection ratesl &irus burden were likely to be
underestimated. This is because this approach resptunly a fraction of patients with AFI that
seek hospital care. Those who present to the heatth centers and those that are willing to
participate in such studies are often not fullyeetive of the population at-large, which may
lead to biases in age-dependent incidence ratesefdne the prevalence rates presented here
should be considered a conservative estimate otrtlee EBV prevalence among the febrile
patients. Second, previous studies have showrnvitetload measurements are affected by the
method of DNA purification, the time taken for DN be isolated from whole blood and
subsequent subjection to PCR, and the freeze tlgal@sca sample is subjected to. Riemann and
colleagues reported that yield from manually exedd®NA was 57% higher than that of robotic
systems (Riemand al., 2007). For optimal quantitation, it has been sholat DNA samples
should be subjected to PCR within one to two wesdlexr extraction (Malcomsoe al., 1995;

Layetal., 2010).

Lahiri and Schanbel (1993) have indicated that ¢hlsamples subjected to more than four
freeze-thaw cycles become degraded. In this stuay,used a silica-based column method
(QIAGEN kit) that has been shown to yield highlyrifed DNA (Fafi-Kremeret al., 2004;

Schuurmanet al., 2005). However, delayed DNA isolation and ampdifion could have

contributed to reduced DNA loads and positivityour samples. Also, since most of the earlier
samples we used were tested retrospectively, nrorgtdhese conditions was not possible.
Third, in the current study, one of our objectivess to determine the effect of malaria infection

on the levels of circulating EBV. Since data forlana parasitemia was lacking from study
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participants, it was not possible to fully descritbe influence of malaria parasite on EBV

viraemia.
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CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS
5.1. Conclusions
This study has shown that about 30% of febrile €aseareas of study have detectable EBV
infections and that about 25% would be classifisdhaving symptomatic EBV infections.
Children under the age of 5 years especially irm@angith intense malaria exposure are at a
higher risk of developing symptomatic EBV infectiofihe analysis of EBV infection with
regard to geographical conditions has confirmed lttal environmental conditions predispose
to EBV prevalence and viral load levels in an indiival. The study has also shown that the onset
of runny nose in EBV infections may be attributedelevated viral load. This may help in
clinical decision-making. It can also be concludedt malaria impacts prevalence of EBV as
well as elevated EBV viraemia, which may be ex@dim part due t®lasmodium's ability to
cause expansion of EBV infected B-cells and/ordmpgromise the number of functional EBV
specific cytotoxic T-cells. This, in turn, resultgo increased availability of the virus in saliva
for transmission. There is need to create more evesss among healthcare workers that other
than malaria, other infectious agents, includingviEBan be important causes of acute febrile

illness in Kenya.

5.2. Recommendations
I.  The findings of this study show that within the 5y8ars age group, patients with
concurrent EBV and malaria infections had signiiita higher viral loads than those
with EBV alone. Published data shows this is the &gh the highest risk of developing

Burkitt lymphoma (Morrowet al., 1976; Mwandat al., 2004). It will be of great interest
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to investigate whether this elevated viral loadElAV-malaria co-infections at this age
bracket acts as a precursor to the developmentiditBlymphoma.

Although this research has shown a significantdreetween viral load levels and runny
nose, a detailed analysis of the relationship betwaral load level and clinical signs and

symptoms is warranted in future studies.
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APPENDICES

Appendix 1: Informed consent form

What is the study called:Acute febrile iliness surveillance in Kenya.

What is this study about: This is a research study where we are tryingnid dut the causes of
illnesses in adults and children who have fevemuaubther signs of being sickness. We want to
draw a small amount of blood and swab the insidgoaf nose and test it in the lab to see if we
can find the germ that is causing your illness. ifiddally the study is testing a new method of
diagnosing malaria.

Who is running the study: The study is being run by Dr John Waitumbi fromitda States
Army Medical Research Unit-Kenya (USAMRU-K)/Kenyaelical Research Institute, Nairobi,
Kenya.

Do | have to participate: Participation in this study is voluntary. Theeeno penalty for refusing to
participate. If you (your child) decide not toibethe study you (your child) may still receive riwde to
help with your fever. If you start the study ygwdr child) may stop the study at any time. If gaur
child) stop the study after we draw your (your @i blood or take the swab from your (your chi)d’s
nose, we will destroy these samples so that noduasting can be done.

Do | have other choices: You have the option of not participating in thedst and just continuing with
the health care plan as directed by the healthprangder at the clinic.

What will happen to me if | participate in the study: You will be asked some questions about where
you live, your illness and any medications you rhaye taken recently. Then about 1-2 tablespoons of
blood will be taken from a vein in your arm. Thedd will be put into small tubes so we can test fo
germs that may be causing your illness. We wibdbke a swab from your nose to test for gernis tha
may be causing your illness.

The information collected about your illness andcerehyou live will be used by study team to deteemin
your home's location on an electric map (calledb@ldPositioning System -GPS) and assign it a unique
house number. The GPS mapping provides informattoyut how diseases spread in communities. By
documenting the location of everyone's home, we lggtter understand how diseases spread in your
community and can contribute to understanding thet lway to monitor for emerging infections,
outbreaks and epidemics.

Are there any risks if | participate in the study: There is the possibility of mild discomfort, bruigi
and very rarely infection at the site of needledtion.

We will protect all personal information we collecYou (your child) will be assigned a study number
that will be used on all study documents. All stadzuments will be secured and will only be acd#ssi
to authorized study personnel.
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Are there any benefits from the study: Because we are conducting this study at thistieal
care facility, free malaria testing and treatmemntavailable. If you want to, you can receive
medication to treat your (your child’s) fever.

Additionally, the study can lead to a better unterding of the causes of fever in Kenya and
improve the medical care in your (your child’s) ar&our hospital may learn about new or
emerging diseases that cause fever. There arérexi benefits to you for participating in the

study.

Will there be any compensation for being in the stdy: There is no compensation to volunteers for
their participation. But, should you (your childg injured as a direct result of participating lnst
research project, you (your child) will be providettdical care, at no cost to you (your child), toat
injury. You (your child) will not receive any injy compensation, only medical care. You (yourahil
should also understand that this is not a waiveelease of your (your child’s) legal rights.

How long does the study last:This study requires only completion of the quastaire, one blood draw
and nasal swab. There is no follow-up or furthéorimation needed. The questionnaire and otherystud
procedures will take about 30 minutes.

Who can participate in this study: Anyone (including pregnant women) can particigatéhe study if
you have a fever without a source after evaluabigrthe clinician. If there is an obvious source of
infection causing the fever, like a skin infection lung infection, then you (your child) should not
participate.

Who will be able to see my information or lab resuk: Any information about you (your child) will
remain confidential. Only the people involved fie tstudy will be able to see your information. Wik
protect all your information. The information asgecimens we collect may also be reviewed by
representatives of the Ministry of Health, Kenyadital Research Institute, the U.S. Army Medical
Research and Materiel Command (USAMRMC), and théat/Reed Army Institute of Research as part
of their responsibility to oversee this researdr, légal reasons or to investigate an outbreakefedd
Regulatory Agencies from United States and otheallgegulatory agencies may review the study
records. In the event of an outbreak, the Kenya MdlHbe provided with information about the loaati
(and/or the individual) to investigate the outbreélan iliness that is considered reportable toktbeyan
MoH. Federal Regulatory Agencies from United Stated other local regulatory agencies may review
the study records.

Any report from this study will refer to you/youhitd only by a study identification number and bgta
name. All blood samples, and nasal swabs collestibdbe labeled with a study identification number
no names will be used. The lab tests will takergy ltime to complete and will not be available ¢ yr
your health care provider to use in your care.

What will happen to my blood: Your (your child’s) blood will be tested for thisghat could cause
fever. Your blood will NOT be tested for HIV. Arsple of your blood will be kept frozen in case we
want to do more testing on it in the future. Tegtmay include developing new lab tests or looKirg
new or emerging diseases. These samples will bedldbwith only your study number. They will be
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secured in freezers at WRP/KEMRI facilities andyostiudy investigators and their authorized staff wi
have access. All safeguards ensuring privacy tteainaplace during this study period will also dooe
to be in place for the long-term storage of sampfesamples are sent outside of Kenya for additidab
testing, no personal identifiers will be included.

If we do need to use the stored blood samplesérfuture we will first get permission from the Wt
Reed Army Institute of Research (WRAIR) InstitutdiReview Board (IRB) and Kenya National Ethical
Review Committee.

Who can | contact about the study or my rights as aolunteer in this research study: If during the
course of this study, you have questions concertfiagnature of the research or you believe you have
sustained a research-related injury, you shoultbotin

Dr. John N. Waitumbi
USAMRU-K /Walter Reed Project, PO Box 54,
Kisumu

Tel. 0733 333 530 or +254 57 20 22 942

The Chairman of the Kenya National Ethical Reviegntnittee
C/o Kenya Medical Research Institute
P.O. Box 54840, Nairobi, Kenya

Tel. 254-20-2722541
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IF THERE IS ANY PORTION OF THIS CONSENT AGREEMENT T HAT YOU DO NOT
UNDERSTAND, PLEASE TALK TO SOMEONE ON THE STUDY TEA M BEFORE SIGNING.

You will receive a copy of the consent form to téaene with you.

Subject’'s Name:

If Subject a minor

Parent/Guardian’s Name:

Subject’s or Parent/Guardian’s Signature: Date:

Permanent Address:

If Adult Subject or Parent/Guardian llliterate -
Thumbprint of Volunteer
or Volunteer’s Parent
/Guardian if Unable to

Witness's Name: Sign

Witness's Signature: Date:

Study Number:

INDIVIDUAL OBTAINING CONSENT: | certify that | have explained to the above indiuél the
nature and purpose of this study, potential ben)editd possible risks associated with participatiahis
study. | have answered any questions that have ragsed.

Name:

Signature: Date:
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Appendix 2: Ethical clearance

KENYA MEDICAL RESEARCH INSTITUTE

P.O. Box 54840-00200, NAIROBI, Kenya
Tel (254) (020) 2722541, 2713349, 0722-205901, 0733-400003; Fax: (254) (020) 2720030

E-mail: director@kemri.org i nri.org W ite:www.kemri.org
KEMRI/RES/7/3/1 August 20, 2013
TO: JOHN WAITUMBI

PRINCIPAL INVESTIGATOR
THRO": DR. JUMA RASHID, %ZO
THE DIRECTOR, CCR,
NAIROBI
Dear Sir,
RE: SSC NO. 1282 (REQUES R ANNUAL RENEWAL): ACUTE FEBRILE

__ TLLNESSSURVEILLANCEINKENYA ===

Thank you for the continuing review report for the period 11 July 2012 to 12 July 2013.

This is to inform that during the 218" meeting of the KEMRI/ERC meeting held on 20" of August
2013, the Committee conducted the annual review and approved the above referenced
application for another year.

This approval is valid from today 20™ August 2013 through to August 19, 2014. Please note
that authorization to conduct this study will automatically expire on, August 19, 2014. If you plan
to continue with data collection or analysis beyond this date please submit an application for
continuing approval to the ERC secretariat by July 8, 2014.

You are required to submit any amendments to this protocol and other information pertinent to
human participation in this study to the SSC and ERC for review prior to initiation.

Yours faithfully,

DR. ELIZABETH BUKUSI,
ACTING SECRETARY,
KEMRI/ETHICS REVIEW COMMITTEE
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Appendix 3: Comparison of EBV prevalence between regions by Chi-

square analysis

X%-value | Degrees of freedom| p-value
(df)

Lake Victoria region versus Kisii highland 24.840 1 < 0.0001
Lake Victoria region versus semi-arid areas 35.150 1 < 0.0001
Lake Victoria region versus coastal region 2.919 1 0.0875
Coastal region versus Kisii highland 2.173 1 0.140
Coastal region versus semi-arid areas 2.660 1 0.05
Kisii highland versus semi-arid areas 0.328 1 09566
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Appendix 4: Comparison of AFI cases with viraemia = 2000 copies/mL

between regions

X*-value | Degrees of freedom| p-value
(df)

Lake Victoria region versus Kisii highland 6.006 1 0.0143
Lake Victoria region versus semi-arid areas 7.094 1 0.0077
Lake Victoria region versus coastal region 1.461 1 02268
Coastal region versus Kisii highland 6.068 1 0.013
Coastal region versus semi-arid areas 6.501 1 8.01
Kisii highland versus semi-arid areas 0.007/6 1 @493
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