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ABSTRACT

Human adenoviruses (HAdVs) are common pathogens associated with diseases affecting
the respiratory tract, gastro-intestinal tract as well as various organs like the liver, kidney
and the brain. Currently there are 60 human adenovirus serotypes classified into 7 species
A to G on the basis of serology, genome sequencing and phylogenomics. HAdV species
B, C and E are mainly implicated in respiratory tract infections whereas the other species
are associated with gastro-intestinal, genitourinary, and ocular infections. The respiratory
HAdV species play a significant role in pediatric infections accounting for 10% of overall
respiratory illnesses and 5%-11% of pneumonia cases. The burden of diseases due to
respiratory adenoviruses in Kenya has not been studied. There is no documented data on
respiratory human adenovirus species and serotypes circulating in the country.

The aim of this study was to characterize respiratory human adenoviruses using
serological and molecular approaches. Specifically the study sought to determine the
species and serotypes of HAdVs that were associated with pediatric respiratory infections
in New Nyanza Provincial General Hospital in the period of June 2010 to June 2012.

HAdVs were isolated from 16 archived nasopharyngeal swab patient specimens after
inoculation into cultured Hep2 cells. After cytopathic effect observation, presence of
adenovirus was confirmed through immunofluorescence assay. Virus DNA was extracted
from the isolates followed by PCR amplification of the hyper-variable region 7 located in
loop 2 region of hexon gene. The amplicons were sequenced using the Sanger dideoxy
termination method followed by bioinformatics analyses of the nucleotide sequences.
The hexon nucleotides sequences were used to classify the HAdV isolates into various
species and serotypes by use of phylogenomics.

Nucleotide sequences of hexon loop-2 fragment of approximately 500 base pairs were
obtained. Multiple sequence alignment of the loop-2 sequences with reference sequences
obtained from other parts of the world revealed the location of the hyper-variable region
at 1330-1400bp; a region characterized by several nucleotide substitutions, insertions and
deletions. Phylogenomics analysis showed that during the study period, respiratory
HAdV species B and C were associated with respiratory infections among pediatric
patients attending New Nyanza Provincial General Hospital accounting for
approximately 1% of the overall respiratory viruses. There were no cases of infections
caused by respiratory HAdV E implying that this species was not in circulation during the
study period. HAdV C was the predominant species accounting for 68.75% of the
reported cases with serotype distribution as HAdV C1-25%, HAdV C2-25%, HAdV C5-
6.25%, and HAdV C6-12.5%. HAdV B serotype 7 was the most prevalent serotype at
31.25%. HAdV C5 and HAdV B7 sequences were found to be under positive selection
pressure indicating that these viruses are undergoing an evolutionary process which
signifies instability in their genomes.

Characterization of respiratory human adenoviruses that circulated at New Nyanza
Provincial General hospital during the study period revealed that species B and C were
present but not E. There was significant genetic variation in the hexon gene of the
HAdVs seen at this site compared to those from other parts of the world implying
continuing evolution of respiratory HAdVs. To gain a complete understanding of this
evolutionary process, whole genome sequencing of these viruses is called for in order to
determine genetic stability and uniqueness of these viruses.

Xi



CHAPTER ONE

1.0 INTRODUCTION

Adenovirus is a double stranded DNA virus first isolated in 1953 (Rowe, 1955) from
adenoid tissue—derived cell cultures, hence the name. Human adenovirus (HAdV)
belongs to the genus Mastadenovirus in the Adenoviridiae family of viruses. It is a non
enveloped virus with an icosahedral structure and a genome size of between 26-45kb.
There are 60 known human adenovirus serotypes classified into 7 species (subgroups A
to G) based on serological assays, genome sequencing and phylogenomics
(http://www.vmri.hu/~harrach/AdVtaxlong.htm; Kaneko et al., 2009; Robinson et al.,
2013; Walsh et al., 2010). Human adenovirus species B is further described into two
subspecies; B1 which includes HAdV type 3, 7, 16, 21, 50 and B2 comprising of HAdV

types 11, 14, 34, 35, and 55 (Russell, 2009).

These viruses cause a broad spectrum of diseases including pharyngitis, acute respiratory
diseases (ARD), pneumonia, pharyngoconjunctival fever, epidemic keratoconjunctivitis
genitourinary tract infections and gastroenteritis. Most of these infections are self limiting
but severe or lethal infections can occur especially in infants (Cevenini et al., 1985; Cusi,
et al., 1986) young children and immune compromised patients (Munoz et al., 1998).
Adenoviruses have also been a major concern in overcrowded military recruitment
camps. They have been associated with respiratory illnesses in military training camps
and are major cause of morbidity. Adenoviruses have also been associated with death of

military personnel (Potter et al., 2012).



Each species of adenovirus has been associated with different spectra of diseases and
severity of infection and therefore rapid identification of a particular virulent serotype can
help in prevention and disease management strategies. Species B, C and E are usually
associated with respiratory infections whereas the other species are associated with
gastrointestinal, genitourinary and ocular infections (Sharma et al., 2009). Table 1 below
illustrates the disease conditions associated with particular species and serotypes of
human adenoviruses. Adenovirus species A-G and their respective serotypes are given

together with disease conditions they are mainly associated with. 13

Table 1 Classification of human adenoviruses into species and serotype specific to
various infections. Adopted and updated from Anurag Sharma et.al 2009, and Robinson
et.al 20

Species Infection Serotypes
A Meningitis 12,18,31
B Respirateory ,oOcular 3,7,11,14,15,21,34 ,35,50,55
and Renal urinary tract
C Respiratory, Hepatitis 1,2,5,6,57
D Ccular, Meningitis B,?,10,13%,15,17,1% .20,

22=-30,32,33,36-39,
42-49 51,53,54,56,58 59,60

Eespiratory 4
Gastrointestinal 40,41
Gastrointestinal 52

Subspecies B1 serotype 3, 7, and 21 are responsible for most of the adenovirus lower
respiratory tract infections epidemics (Moro et al., 2009). Conversely, species C
serotypes 1, 2, 5 & 6 and species E serotype 4 are common causes of pediatric upper and
lower respiratory tract infections (Erdman et al., 2002; Kajon et al., 1996; Singh-Naz et
al., 1993). In otherwise healthy children most adenovirus respiratory infections are mild

and indistinguishable from other viral infections. However fatality has been associated



with specific serotypes such as species B serotypes 3, 7, and 14 (Kim et al., 2003; Lewis
et al., 2009; O'Flanagan et al., 2011). Serotype identification is therefore critical for
epidemiological surveillance, detection of new strains and understanding of HAdV
pathogenesis of clinical isolates. Initially, diagnosis and determination of adenovirus type
involved virus isolation in cell culture followed by antibody/antigen detection by
immunofluorescence assay and visualization by electron microscopy (Leland et al.,
2007). However there are now innovative and advanced molecular methods for rapid
detection of different adenovirus serotypes which are based on the nucleotide sequencing
of adenovirus genome (Lu et al., 2006). In 2006, Lu and Erdman demonstrated that
almost all adenovirus serotypes excluding serotypes 15 and 17 could be identified by
using PCR and nucleotide sequencing of adenovirus hyper variable region of hexon gene.
HAdVs have also been identified using other nucleotide sequences of other genes
including virus-associated (VA) RNA gene (Kidd et al., 1993), the polypeptide IX (pIX)

gene (Akalu et al,, 1998) or the penton and fiber genes (Xu et al., 2000).

In Kenya there is limited data on respiratory human adenovirus infections including their
serotype distribution. Molecular characterization data of respiratory human adenovirus is
crucial in patient care and management of respiratory diseases since certain species and
serotypes have been associated with specific disease syndromes, epidemiological setting
and demographic risk groups. Furthermore, molecular changes in adenovirus genome
including homologous recombination are a major driving force in molecular evolution of
human adenovirus and emergence of new adenovirus pathogens (Robinson et al., 2011).
Adenovirus is also a popular vaccine vector (Chen et al., 2010), and basic understanding

of circulating adenovirus serotypes in the Kenyan population is important to any



researcher interested in formulating adenovirus vectored vaccines for the Kenyan
population. This study carried out genetic analysis by PCR, sequencing and
phylogenomics of respiratory human adenoviruses isolated from pediatric patients
attending New Nyanza Provincial General Hospital in the period June 2010 to June 2012.
The data generated from this study contributes to knowledge about respiratory

adenoviruses circulating in Kenya.



1.2.0 LITERATURE REVIEW
Adenoviruses are medium sized (80-120nm) in diameter, non-enveloped viruses with an

icosahedral structure. The linear double stranded DNA genome is found inside a
nucleocapsid whose composition is mainly hexon, penton and fiber proteins as shown in

Fig. 1 below.(MicrobeWiki, 2013)

0\,‘_ penton
B v " base
double- ' ;,, : penton

stranded
DNA

‘_\1 N

Figure 1. Adenovirus structure. The figure demonstrates the icosahedral shape of
adenovirus showing the location of the major capsid proteins enclosing the double
stranded DNA genome

1.2.1 Epidemiology of respiratory human adenoviruses

Respiratory adenoviruses infects a wide variety of vertebrates host cells besides human
beings including the fowls, sheep, fish, amphibians and reptiles (Sharma et al., 2009).
Human adenovirus infections occur throughout the year and are not seasonal although
they have been reported to occur more commonly in the template regions from late winter
to early summer (Lewis et al., 2009). Certain environmental conditions like overcrowded
institutions e.g. pediatric ward and military training camps may also encourage seasonal
outbreaks of the respiratory adenoviruses. The virus is resilient and can survive for a long
time on environmental surfaces. Nosocomial transmission of adenovirus leading to
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outbreaks is common in pediatric wards and overcrowded military training camps.
Transmission occurs through respiratory droplets, fomites and ingestion with a relatively
short incubation period of 2-14 days (Kim et al., 2003; Lewis et al., 2009; Marc et al.,

2012; O'Flanagan et al., 2011).

Globally, adenovirus infections accounts for 5-15% of upper respiratory infections and
5% of lower respiratory infections in pediatric respiratory infections (Marc et al., 2012).
In Kenya the epidemiology of adenovirus has not been documented. However,
adenoviruses have been associated with acute respiratory diseases (ARD) which affect

both pediatric and adult population.

1.2.2.0 Methods of adenovirus detection

Study of viruses requires isolation of virus particles in cell cultures which provide an
alternative to earlier methods of virus isolation which included use of embryonated eggs
and laboratory animals (Leland et al., 2007). Cell culture offers advantage over
traditional methods in that contamination can be controlled by incorporating antibiotics in
culture media, decreased use of experimental animals and an opportunity to work in a
clean air working environment i.e. biosafety cabinets. In addition, viruses growing within
susceptible cells will reach high titers and culture tubes/flasks are easy to manipulate.
There are diverse cell types which can be propagated in vitro in flasks and test tubes and

this provides living hosts that many human viruses can infect (Leland et al., 2007).

Due to technological development there are now advanced methods of detecting viral
infections such as the use of monoclonal antibodies and use of molecular diagnostics that

detects viral DNA or RNA through amplification by PCR. These methods are sensitive



and highly specific and do not require lengthy incubation period and do not involve a lot

of technical expertise unlike isolation in cell culture (Leland et al., 2007).

1.2.2.1 Virus isolation in cultured cells

Successful virus isolation depends on appropriate collection, transport and processing of
clinical samples which ensures preservation of virus titer and viral infectivity prior to
inoculation in cell culture. Sample collection method is crucial and in general clinical
samples collected from sites such as the skin, and the genital urinary tract and which are
usually contaminated with a wide range of micro organism are collected with a polyester
swab and placed in Viral Transport Media (VTM) (Leland et al., 2007). VTM contains
antibiotics, a suitable buffered salt solution, a proteinaceous component such as albumin,
gelatin or serum, and a pH indicator e.g. phenol red. Respiratory tract samples include

sputum and nasopharyngeal or oral pharyngeal swabs also collected in VTM.

Processing of nasopharyngeal swabs specimens usually involves vortex of transport
medium tube and discarding the swab (Leland et al., 2007). The liquid medium is
centrifuged and supernatant which contains the virus is used to inoculate the cell culture.
Bacteria, fungi cells, blood, mucus fibers etc settles at the bottom as a pellet due to

centrifugal force (Leland et al., 2007).

Inoculation involves simply adding about 0.1 or 0.2 ml of the processed inoculum to the
culture tube. The inoculated tube is incubated for 30-90minutes at 37°C after which
excess inoculum is discarded prior to addition of fresh culture medium. Inoculated cell
culture tubes are incubated for 10 to 14 days depending on the virus type and source of

specimen. Over the incubation period the cell culture monolayer is screened by



microscopic examination on a daily basis for detection of virus proliferation.
Degenerative changes in monolayer cells collectively termed cytopathic effect (CPE)
provide evidence of viral presence (Leland et al. 2007). Typical cytopathic effects of

common viruses are shown in Fig. 2 below.
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Figure 2. Uninfected cell cultures and cell cultures showing CPE of commonly
isolated viruses. (A) Uninfected A549 cells (B) HSV-2 in A549 (C) Adenovirus in A549
cells. Adopted from Diane et al., 2007

1.2.2.2 Immunofluorescence assays

Virus positive cell cultures by CPE are confirmed by reaction of antibody of known
specificity with viral antigens expressed in the infected cells (Leland et al., 2007). This
confirmatory testing is accomplished through immunofluorescence technique which use
fluorescein isothiocyanate (FITC) labeled monoclonal antibodies of known specificity.
Fluorescence microscope is used to view binding of monoclonal antibodies to viral
proteins which is captured as a fluorescence signal. This process is fast and usually takes
1-2 hours (Leland et al., 2007). Nowadays, serological determination of viruses has been

replaced by molecular methods which are more efficient and highly specific.



1.2.2.3 Molecular methods of adenovirus detection

Serological determination of adenovirus type usually takes long (1-2 weeks) which limits
its clinical value especially in the management of immune compromised patients (Leland
et al., 2007). Studies have shown that specific adenovirus serotypes are associated with
manifestation and severity of disease presentation and therefore more expeditious
methods of screening patient’s samples are preferable (Wu, et al.,1990). Such methods
involve PCR followed by further description of the amplicons through bioinformatics.
This allows identification of virus at species and type level in a relatively short period
and with minimum labor expense. Therefore, genomics and bioinformatics techniques are

very important research tools in advancement of research involving adenoviruses.

1.2.4.0 Adenovirus lifecycle and genetics

Adenovirus entry into the cell involves interaction of the knob domain of fiber protein
with the host cell receptors which includes the coxsackie and adenovirus receptors (CAR)
and CD46 (Howitt et al., 2003). The receptors mediate internalization of the virus
through the process of endocytosis via clathrin coated pits. After successful entry into
host cell, virus capsid dissociates and the viral genome is translocated to the nucleus
through nuclear pores. Subsequently, viral genes are expressed and new virus particles

are generated (Lauer et al., 2004).

Adenovirus lifecycle consist of the early and late phases separated by DNA replication
event termed intermediate phase. Expression of adenovirus genome is therefore

organized into early, intermediate and late transcriptional genes.



The early genes consist of a set of first transcription units which are the E1A, E1B, E2,
E3 and E4 genes. The E1A gene is the first transcription unit to be expressed following
adenovirus infection. The expressed proteins functions in regulating host cells,
modulating both viral and host cellular gene expression (Flint et al., 1997). E1B codes for
proteins which inhibits cellular defense mechanism and regulates viral late gene
expression (Yew et al., 1994). E2 transcription unit encodes proteins required for viral
DNA replication. These are the ‘terminal protein’ precursor, DNA polymerase and DNA
binding protein which functions along with host cellular proteins for efficient viral DNA
replication (de Jong et al., 2003). E3 transcription region encodes proteins that
antagonize host immune response (Wold et al., 1991). These proteins are not required for
efficient in vitro growth of the virus. The E3 region is only found in members of genus
Mastadenovirus and is therefore of particular interest to scientists as a target site for
insertion of foreign gene constructs in gene therapy (Russell, 2009). Protein products of
E4 transcription unit performs a wide range of functions including viral RNA export and

stabilization and regulation of cellular transcription factors (Leppard, 1997)

The intermediate phase separates the early and late phases in adenovirus lifecycle and
involves active DNA replication. It occurs once the early genes have synthesized
adequate virus proteins, replication machinery and replication substrates. The
intermediate gene region encodes two proteins Protein IX and Protein lva2 which play a
critical role in viral DNA packaging and as transcription activators of the late genes

(Zhang et al., 2003).

The late genes transcription unit is expressed as a single primary transcript from a single

promoter site known as major-late promoter (MLP) and various distinct mMRNA products
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are obtained though truncation of the primary transcript at multiple polyA signals. The
transcripts are grouped into five categories i.e. L1-L5. L1 transcript encodes a 52 kDA
protein and protein Illa which acts as a scaffold for capsid assembly during the assembly
of viral particles. L4 transcript encodes four proteins, 100kDa protein, 22kDa protein,
33kDa protein and protein VIII. The functions of these proteins are not known (Young,
2003). The remaining three late genes transcripts encode the diagnostically useful
antigens in adenovirus; the penton, hexon and fiber structural proteins of adenovirus
capsid (Madisch et al., 2005). Fig. 3 below shows the location of these major capsid
proteins in adenovirus icosahedral structure
(http://biommed.Isu.edu/onlinefiles/BIOL4190/LECT-5-ADENOVIRUS/LECT-5-

SLIDES-B&W-ADENOVIRUS.pdf).
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Figure 3. Morphological structure of adenoviruses illustrating adenovirus major
capsid proteins (hexon penton and fiber). Adopted from Louisiana State University
School of Veterinary Medicine in Baton Rouge, LA. Slide #11

Adenovirus capsid consists of 252 capsomeres (12 pentons, 240 hexons). Pentons makes

up the vertexes and possess projecting fibers. Penton protein is encoded by L2 gene
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transcript and contains regions that bind to host integrins via a conserved RGD
(Arginine-Glycine-Asparagine) sequence to trigger virus internalization (Wickham et al.,
1993). Fiber protein is encoded by L5 gene transcript and it mediates the attachment of
virus to cellular receptors and has been shown to possess hemagglutinin activity
(Madisch et al., 2005). Its N- terminal domain attaches non-covalently to the penton base
protein while the C terminal “knob” domain binds host cells. A study by Howitt et al
(Howitt et al., 2003) showed important key residues required for binding of the knob
domain to the Cox-sackie and adenovirus receptors’ CAR. These residues are

Asparagine 415, Proline 417 and Proline 418.

L3 gene transcript encodes hexon protein the major structural component of adenovirus
capsid. It makes up about 63% of the total virion mass and for this reason, this protein
has been extensively studied by use of X-ray crystallography, molecular modeling and
bioinformatics (Rux et al., 2003). The genome region coding the L3 gene transcript is
approximately 2.9 kb and several studies have shown that it consist of several hyper-
variable regions (HVR) (Adhikary et al., 2004; Crawford et al.,1996; Ebner et al., 2005;
Madisch et al., 2005). In their study on comparison of hexon sequence in human
adenoviruses subgroup C, Kinloch et.al for the first time demonstrated that hexon gene
could be divided into three different zones (1-393, 394-1410, 1411-2910) as shown in

Fig. 4 (Kinloch et al., 1984).

Zones 1 and 3 in the hexon gene of HAdV-C2 and HAdV-C5 had 95% and 89.5%
nucleotide identity respectively with nucleotide identity of the gene diverging in zone 2.
It has since been determined that zone 2 is recognized as the & determinant which

contains the type specific epitopes of the hexon gene (Crawford et al., 1996). It consists
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of loop 1 and loop 2 regions of hexon protein also illustrated in Fig. 4. Loop 1 consists of

HVR-1 to HVR-6 while loop 2 has HVR-7.
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Figure 4. Analytical description of the hexon gene and hexon protein.
(A) Nucleotide homology between the hexon coding sequences of HAdV-C2 and HAdV-
C5. (B) Schematic illustration of the hexon protein. Variable regions V1, V2, and V3 are
located in  loops 1 and 2 and are outwardly oriented on the surface of the adenovirus
particle. The epsilon (g) fragment includes regions V1, C2, V2, C3, and V3. Adopted
from Sarah Torres et al., 2010

The hyper variable regions are determined from multiple sequence alignments of
adenoviruses hexon gene. The hyper variable regions 1-6 are demonstrated in Fig. 5 from
a study carried out by Madisch et al in 2005 which demonstrated the importance of the
hyper variable regions in molecular taxonomy of adenoviruses (Madisch et al., 2005).
Figure 5 illustrates one of the Simplot diagrams obtained after carrying out similarity
plots analysis of the & determinant deduced amino acid sequence from HAdV-D

serotypes that were observed to cluster in phylogenetic analysis.
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Figure 5 Similarity plot of & fragment amino acid sequences from HAdV-D
serotypes 23, 15, 29, 42, 20, 9 and 32. Adopted from Madisch et al 2005

The study (Madisch et al.,, 2005) proposed a molecular classification method of
classifying adenoviruses that relies on phylogenetic analysis of nucleotide and deduced
amino acid sequences of the epsilon (¢) determinant which constitute Loop 1 and Loop 2
fragments of hexon. Fig. 6 illustrates some of the results the researchers obtained from
phylogenetic analysis of loop 1 and loop 2 sequences obtained from members of HAdV
species A-F. Their study demonstrated an overall similarity in phylogenetic trees
reconstructed from nucleotide and deduced amino acid sequences of Loopl and Loop2
regions. Loop2 region was proposed as the simplest yet specific molecular approach in
molecular taxonomy of adenovirus and hence should be used as a standard procedure in
molecular classification of adenoviruses. Similar findings have been reported by Helen
Sarantis et al. (Sarantis et al., 2004) who designed a PCR assay with a primer pair

targeting conserved regions within Loop 2 HVR7 region that was able to detect all
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serotypes of human adenoviruses known at that time with high sensitivity. Consequently,
e determinant region of hexon gene makes hexon gene a good molecular chronometer in

evolutionary studies of adenoviruses.
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Figure 6. lllustration of phylogenetic analysis of adenoviruses using nucleotide
sequences of (A) & determinant Loop 1 and (B) & determinant Loop 2. The reference
sequence for phylogenetic analysis was HAdV C1 e determinant sequences. The aligned
sequences from various HAdV species were obtained from GenBank. The two
phylogenetic trees display overall similarity in clustering of the HAdV species. Adopted
from Madisch et al. 2005

15



1.2.4.1 Molecular taxonomy of adenoviruses

Madisch et al. 2005 proposed a method where loop 2 nucleotides and amino acids
divergence are used as a basis for typing adenoviruses or identifying novel human
adenovirus strains (Madisch et al., 2005). This was informed by the finding that loop 2
nucleotide sequence pair wise identity scores among adenoviruses results into two groups
of heterogeneous serotypes of the same species and heterogeneous serotypes from
different species. Their study demonstrated the lowest nucleotide divergence in loop 2
region among serotypes of the same species as 2.5%. Therefore, the researchers
suggested that if an isolate has a nucleotide divergence of less than 2.5% compared to the
next homologous prototype already identified and deposited in GenBank then such an
isolate can be said to have been successfully typed. This interpretation may also be
presented from a sequence identity perspective. Thus two HAdVs with >97.5%

nucleotide sequence identities are deemed to be of the same serotype.

The study (Madisch et al., 2005) also proposed that if analysis of nucleotide divergence is
unsuccessful, then deduced amino acids sequences should be used to calculate the
divergence rate. Consequently, the isolated virus deduced amino acids sequence is
aligned with sequences already deposited in the data bank and if loop 2 amino acids
divergence compared to the next homologous sequence in the data bank is less than 1.2%,
typing is accomplished. Isolation of a new adenovirus serotype is suspected if amino

acids divergence of above 1.2% is observed.

Currently there are 60 types of human adenoviruses (Robinson et al., 2013). Serotypes 1-
51 were classified based on serological assays and further classified into six species (A to
F) based on ability to agglutinate various types of erythrocytes. The term ‘type’ is
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therefore used as an inclusive term referring to the initial 51 serotypes determined using
traditional serology as well as the additional nine ‘genotypes’ characterized using

genomics and bioinformatics (Torres et al., 2010).

Powerful bioinformatics tools which include Multiple Sequence Comparison by Log-
Expectation (MUSCLE), Clustal, and Basic Local Alignment Search Tool (BLAST) for
sequence alignment; and MrBayes, and phylogeny inference program (PHYLIP), for
inferring phylogenetic relationship of sequences have been used on whole genomes
(Altschul et al., 1990; Altschul et al., 1997; Edgar, 2004; Felsenstein, 1993; Huelsenbeck
et al., 2001; Sprengel et al., 1994). Spengel et.al 1994 used Clustal V in a ground
breaking comparative analyses that enabled researchers to view overall similarity of two
genomes on the nucleotide level in one figure (Sprengel et al., 1994). This comparative
analysis led to discovery that HAdV-A12 and HAdV-C5 genomes have the highest
nucleotide identity in a 5000-8000bp region which codes for DNA polymerase. With
advancement in sequencing technology and bioinformatics software development, we
now have a rich collection of bioinformatics resources that have been very useful in

research involving adenoviruses and other human pathogens.
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1.2.4.2 Recombination in adenoviruses

Recombination among adenoviruses has also been well documented (Shenk, 2001.). It is
thought that recombination resulting from genetic exchange of parts of hexon penton or
fiber genes among members of same or different species is a key drive to emergence of
new strains of adenoviruses (Walsh et al., 2010). HAdV55 is thought to have emerged
from recombination involving HAdV B11 and HAdV B14 hexon genes (Walsh et al.,
2010). HAdV E4 tends to cluster with HAdV B16 in phylogenetic analyses (Fig. 6
section 1.2.4.0) and it is suspected that HAdV E4 the sole serotype of species E could
have resulted from recombination event involving strains of HAdV B serotype 16

(Shenk, 2001.).

1.2.5.0 Genetic Mutations

Mutations or nucleotide substitutions in protein coding genes can be categorized as
synonymous or non synonymous (Nei et al., 1986). Synonymous mutations do not result
in change of amino acids sequence in the protein and are usually invisible to natural
selection. Non synonymous mutations on the other hand results in change in the protein’s
amino acids sequence and are an indicator of strong selective pressure in a particular gene
(Nei et al., 1986). Therefore estimation of synonymous and non synonymous substitution
rates is important in understanding the dynamics of molecular evolution of gene

sequences.

Due to the degeneracy of the genetic code there are fewer opportunities for non
synonymous changes than for synonymous changes implying that the rate of synonymous

mutations is greater than the rate of non synonymous substitutions. However under
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certain conditions, non synonymous substitution may be accelerated by positive
evolutionary selection. It is therefore important to examine the number of synonymous
differences per synonymous sites (dS or Ks) and the number of non synonymous
differences per non synonymous sites (dN or Ka). The dN/dS ratio is expected to be 1.0
for aligned genes that show no selection pressure relative to each other. dN/dS ratio of
less than 1 implies purifying selection, and a ratio greater than 1 implies positive

selection (Nei et al.,1986).

While estimating mutations in a pair of homologous sequences presenting only one
nucleotide difference in the aligned codons, the number of synonymous and non
synonymous substitutions may be obtained by simply counting the number of silent
versus non silent amino acid changes (Nei et al., 1986). However in a pair of sequences
presenting two or three nucleotide differences in the aligned codons, distinction between
synonymous and non synonymous substitutions is not easy to calculate and statistical
estimation methods are needed (Nei et al., 1986). There are various methods of
estimating synonymous and non synonymous substitutions and their effect on selection

which includes the following:

1.2.5.1 Nei and Gojobori method

This method uses the number of synonymous and non synonymous substitutions and the
number of potentially synonymous and non synonymous sites. It’s based on the Jukes-

Cantor model of nucleotide substitutions (Nei et al., 1986).
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1.2.5.2 Kumar method

Kumar method analyzes mutations by comparing the numbers of synonymous and non-
synonymous substitutions per site where, the ratio dN/dS=¢ measures the difference

between the two rates (Kumar et al., 2004).

1.2.5.3 Tajima’s method

In Tajima’s method, the pattern of nucleotide difference is examined as measured by the
difference between 1 (observed average pair wise nucleotide diversity) and 0 (expected
nucleotide diversity under neutrality derived from the number of segregating sites

(Tajima, 1993)

1.2.6.0 Evolutionary distances of sequences

The evolutionary distances between pair of sequences are usually measured by the
number of nucleotide or amino acid substitutions between them. Evolutionary distances
are fundamental in the study of molecular evolution of genes, phylogenetic
reconstructions and in estimating the divergence times of homologous sequences (Kumar
et al., 2004). Various statistical methods are used to estimate evolutionary distances.
They constitute mathematical algorithms designed for predicting nucleotide or amino

acid differences/change expected in a sequence. They include:

1.2.6.1 The P-distance (nucleotides or amino acids)

This distance is the proportion (p) of nucleotide or amino acid sites at which two
sequences being compared are different. It is obtained by dividing the total number of
nucleotide or amino acids differences by the total number of nucleotides compared. It

does not make correction for multiple substitutions at the same site, transitional and
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transversional substitution rate biases or differences in evolutionary rates among the sites

(Kumar et al., 2004).

Po= nd/n where Po is the proportion of nucleotide or amino acid while nd/n is the

number of positions at which the sequences differs divided by their lengths.

1.2.6.2 Jukes and Cantor, “one-parameter model” denoted as “1-p”:

This model assumes that the rate of nucleotide substitution is the same for all pairs of the
four nucleotides A, T, C and G (Jukes et al., 1969). The multiple hit correction equation
for this model produces a maximum likelihood estimate of the number of nucleotide
substitutions between two sequences. It assumes an equality of substitutions rates among
sites, equal nucleotide frequencies, and it does not correct for higher rate of transitional

substitutions as compared to transversional substitutions.

d =-3/4 loge (1-4/3p) where p is the proportional of sites with different nucleotides

1.2.6.3 Kimura's 2-parameter model, denoted as “2-p” :

The model assumes that the rate of transitional nucleotide substitution is often higher
than that of transversional substitution (Kumar et al., 2004). Transitional substitution
refers to nucleotide substitution involving either purines or pyrimidines while in

transversional substitution a purine is substituted with pyrimidine or vise versa.

d = -(1/2) ALn (1 -2+P -Q) -(1/4)+Log (1 -2-Q)

P is the proportion of transitional differences, Q is the proportion of transversional
differences. P and Q are respectively calculated over synonymous and non synonymous

differences.
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1.3 PROBLEM STATEMENT

Adenoviruses play a significant role in pediatric infections accounting for up to 15% of
overall respiratory illnesses (Marc et al., 2012). The burden of diseases due to respiratory
viruses including adenoviruses in Kenya has not been well studied. Furthermore, whereas
anecdotal evidence indicates that respiratory HAdV are a prevalent cause of respiratory
ilinesses in Kenya, the viruses have not been molecularly characterized into their species
and serotypes. Efforts are currently being made to enhance these studies at the National
Influenza Center (NIC) in Nairobi Kenya. The NIC has a mandate to carry out
surveillance of influenza and other viral respiratory pathogens. Earlier on, some human
adenovirus strains were isolated at the NIC but they were never genetically characterized.
This study sought to isolate and characterize using molecular methods the various strains
of respiratory human adenoviruses isolated from pediatric patients specimens received
from the New Nyanza Provincial General Hospital in the period June 2010 to June 2012.
Some strains of adenoviruses are implicated in fatal pneumonia and further studies will
better inform the clinicians on the types of respiratory adenoviruses circulating in this

region to enable better patient care and disease management.

22



1.4 JUSTIFICATION AND SIGNIFICANCE OF THE RESEARCH

Human adenoviruses are recognized causative agents of acute respiratory diseases which
occasionally can result in severe or lethal infections (Kim et al., 2003; Lewis et al., 2009;
O'Flanagan et al., 2011). Adenoviruses are also vectors for several vaccines including
Adv5 in the Prime Boost HIV vaccine in Kenya (Kibuuka et al., 2010), and knowledge of
adenovirus prevalence is important as it will impact on the efficacy of such vaccines.
There is very little information about human adenovirus in Kenya and specifically, there
is no documented data on respiratory human adenovirus species and serotypes circulating
in the country. We do not know the genetic composition of the isolated adenoviruses and
how they compare with other adenovirus isolates implicated in similar infections in other
parts of the world. Knowledge of the various species and serotypes implicated in
respiratory diseases is necessary for better patient care and disease management.
Furthermore, serotype identification is crucial for epidemiological surveillance, detection
of new strains and better understanding of human adenoviruses. To address some of these
challenges genetic analysis of isolated respiratory adenoviruses from pediatric out-
patients presenting with respiratory infections in New Nyanza Provincial General

Hospital in the period June 2010 to June 2012 were carried out.
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1.5 RESEARCH QUESTIONS

Respiratory adenoviruses are a significant group of viruses implicated in acute respiratory
diseases in Kenya. However there is no documented data of confirmed respiratory
adenovirus species implicated in these infections. In addition molecular sub typing of the
respiratory species has not been carried out. This study provides a genetic overview of
various respiratory adenovirus serotypes implicated in respiratory diseases in western
Kenya in the period June 2010 to June 2012. The focus of this study is therefore based on

the general question:

1. Were adenoviruses associated with pediatric respiratory infections in New

Nyanza Provincial General Hospital in the period June 2010-June 2012?

From the general question, the study sought to answer the following specific questions.

1. Which species of respiratory adenovirus was the predominant cause of illness
among pediatric patients visiting the New Nyanza Provincial General Hospital

and hence circulating in western region of Kenya?

2. Which respiratory adenovirus serotypes were associated with pediatric infections

in New Nyanza Provincial General Hospital in the study period?
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1.6 OBJECTIVES

1.6.1 Main objective

To genetically characterize respiratory adenoviruses isolated from pediatric patients
attending New Nyanza Provincial General Hospital in the period June 2010 to June

2012, using serological and molecular approaches

1.6.2 Specific objectives

1. To confirm the presence of adenoviruses from archived virus stocks isolated
from patient nasopharyngeal specimens using cell culture and
immunofluorescence assays.

2. To determine the nucleotide sequences of the hexon gene segments of the
adenovirus isolates using PCR amplification and the Sanger method.

3. To carry out analyses of the hexon gene nucleotide sequences and

classification of the adenoviruses obtained using the bioinformatics techniques
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CHAPTER TWO

2.0 MATERIALS AND METHODS

2.1 Study Sites

The study site for this work was New Nyanza Provincial General Hospital, one of the
sites included in the United States Army Medical Research Unit in Kenya (USAMRU-K)
National Influenza surveillance network. The hospital serves patients mainly from the

Western region of Kenya.

2.2 Study Design

Retrospective study design was used and it involved use of archived nasopharyngeal
patient’s samples collected over a period of two years in an ongoing program under the
ethical review committee approved “Influenza Surveillance in Kenya” protocol, KEMRI

SSC#981 and WRAIR#1267.

2.3 Study population

The study population consisted of patients aged >2 months to 17 years of age from New
Nyanza Provincial General Hospital. In the period June 2010 —June 2012 a total of 1879
nasopharyngeal patient’s samples from New Nyanza Provincial General Hospital were
received at National Influenza Centre (NIC). These samples had previously been
screened for various respiratory viruses including adenoviruses in routine surveillance
work at the NIC. Since the goal of the study was to analyze adenovirus cases in pediatric
patients, only isolates obtained from patients aged >2 months and not exceeding 17 years

of age were considered. For that reason, the study population was constituted 17 virus
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stocks from reported adenovirus cases that matched the case definition of the study and

that were collected within the stated study period.

2.4 Inclusion criteria and exclusion criteria

Only isolates that were obtained from paediatric patients aged 2 months to 17 years and
were positive for HAdV were included in this study. Isolates from paediatric patients

below 2 months or above 17 years were excluded.

2.5 Ethical Considerations

The study was a sub-protocol of the “Influenza Surveillance in Kenya”,
WRAIR#1267/SSC # 981 protocol. The study was granted ethical and scientific
clearance by the Kenya Medical Research Institute (KEMRI) and the Walter Reed Army
Institute  of Research (WRAIR) committees under protocol number
SSC#2499/WRAIR#2014. In the parent protocol, informed consents had been obtained
from parents or guardians of children involved in the study. Those subjects aged between
12-17 years had also assented that their samples could be used for future studies for
identification of other respiratory viruses. Archived virus stocks used in this study were
given unique codes that do not give patient information. This information was stored and

accessed by the principal investigator and his supervisors only.
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2.6.0 Laboratory procedures

2.6.1 Sample collection

Nasopharyngeal throat swabs samples had been collected from pediatric patients
attending the New Nyanza Provincial General Hospital as part of the USAMRU-K

Influenza like IlInesses surveillance protocol (KEMRI SSC#981; WRAIR#1267).
2.6.2.0 Virus Isolation

2.6.2.1 Growth and maintenance media preparation

50 ml of growth media was prepared for culturing Hep2 cells which are a HeLa cell
contaminant (Scherer et al., 1953), (Masters, 2002). The media component were; 1% L-
glutamate, 1%Penicillin/streptomycin, 1% Fungizone, 10% heat inactivated Fetal Bovine
Serum, 0.1%Gentamycin, and DMEM topped up to 50ml (all reagents from Gibco® Life
Technologies™ Grand Island NY 14072 USA. This media was used to grow Hep2 cells

monolayer confluent for virus stocks inoculation.

Maintenance media consisted of the following components. 1%L-glutamate,
1%Penicillin/streptomycin, 1% Fungizone, 2%Fetal Bovine Serum, 0.1%Gentamycin,
DMEM topped up to 50ml. The media was used to maintain a steady growth of virus

inoculated Hep2 cells during incubation period.

2.6.2.2 Preparation of Hep2 cells

Hep2 cell culture monolayer was grown using the Walter Reed Army Institute of
Research -USAMRU-K Standard Operating Procedure for Hep2 cell line proliferation as

described below. 18 culture tubes were prepared using Hep2 cells (ATCC, VA, USA. Ref
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number: HB-8065™) passage 6 in T75 culture flask (Corning Incorporated, Corning, NY
14831 USA). The culture media in T75 flask was poured off and the cell monolayer
briefly washed twice by adding 2ml of Trypsin/EDTA solution (Gibco® Life
technologies Corporation, Grand Island, NY, 14072, USA) and a final 3ml of
Trypsin/EDTA solution incubated to allow the cell monolayer to detach. Cell clumps
were re-suspended by gently pipetting against the flask bottom surface in order to ensure
detachment of all the cells. In order to prevent cell lysis by trypsin/EDTA, 8ml of the
growth media containing fetal bovine serum; an inhibitor of trypsin was added. 2ml
aliquot of the resulting cell mixture was mixed with a further 20ml of growth media and
dispensed in slanted culture tubes (Nunclon™, Surface, DK-4000, Roskilde, Denmark)
1ml per tube. The tubes were incubated loosely capped at 33-37°C 5% CO; (Sanyo
Incubator, IR Safe 1300, Michael Drive, Suite A, Wood Dale, IL, 60191, USA) for 3
days prior to inoculation. The tubes were observed daily under an inverted microscope
(Olympus, Shinjuku Monolith, 2-3-1 Nishi-Shinjuku, Shinjuku-ku, Tokyo 163-0914,

Japan) for 70-90% monolayer confluent required for virus inoculation.

2.6.2.3 Virus inoculation

Virus inoculation involved 17 archived adenovirus stocks that had been stored at -80°C.
The virus stocks are given in table 2 showing unique identification that does not give
patient information. The virus stocks were allowed to thaw at room temperature prior to

inoculation. Standard procedure for Hep

Growth media in the 70-90% confluent monolayer of Hep2 cells in culture tubes was
poured off and a volume of 100pul of each isolate inoculated into each tube. The tubes
were incubated at 33- 37°C (Thermo Scientific, 81, Wyman Street, Waltham, MA 02454
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USA) for 60 minutes to allow virus attachment to receptors. 1 ml of maintenance media
was then added to each culture tube and incubated at 33-37°C 5% CO,. After a period of
48 hours, the media was discarded and replaced with fresh maintenance media. The
inoculated Hep2 cells were incubated for additional 10 days with daily observation for
cytopathic effect (CPE) using an inverted microscope (Olympus, Shinjuku Monolith, 2-3-
1 Nishi-Shinjuku, Shinjuku-ku, Tokyo 163-0914, Japan). In culture tubes showing clear
CPE, the supernatants were collected through centrifugation in a bench centrifuge
(Centrifuge 5810 R Eppendorf AG Barkhausenweg 1 22339 Hamburg Germany) at
3000rpm for 10 minutes and stored for further characterization. The pellet was used for

immunofluorescence assay to confirm adenovirus presence.

Table 2 Identities of archived virus stocks used in the study. Virus stocks are labeled
with unique codes corresponding to patient’s nasopharyngeal specimens. NNY (New
Nyanza) refers to the study site where the samples were obtained followed by the year
and month the samples was collected and sample serial number.

Sample Unigue ID

HHY-10-0&6-0L16
MY -10-06-018
HHY-10-06-032
MY =10=06=073
HHEY-10-07-009
MY -10-07-033
HHY-11-09-001
MY =-10=-11-022
HHEY-10-11-034
HHEY-10-11-040
HHY=11=03=077
HHY-11-07-001
HHY-11-10-044
HHEY-11-11-013
NHY=11=12=004
MY -12-03-027
HHY-1Z-03-0289
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2.6.3 Immunofluorescence assay to confirm Adenovirus

Light Diagnostics Adenovirus direct fluorescent antibody (DFA) kit (Millipore,
Temecula, CA, 92590, USA) was used for immunofluorescence assays detection of
adenovirus in the supernatants. 3ml of sterile Tween Phosphate Buffered Saline
(Millipore, Temecula, CA, 92590, USA) was added to the pellet and centrifuged in a
bench centrifuge (Centrifuge 5810 R Eppendorf AG Barkhausenweg 1 22339 Hamburg
Germany) at 3000rpm for 10 minutes. The supernatant was discarded and 25ul of the
pellet placed in microscope glass slides (Cell-line/Thermoscientific). The slides were left
overnight to allow sufficient time for virus immobilization. Virus immobilized
microscope glass slides were fixed in acetone (SIGMA-Aldrich) for 10 minutes and air
dried prior to application of adenovirus specific monoclonal antibodies. Adenovirus
specific monoclonal antibodies tagged with a fluorescent dye fluorescein isothiocyanate
(FITC) were applied to virus immobilized on the microscope glass slides and incubated
for 30 minutes. The glass slides were washed with freshly prepared Tween 20 Phosphate
Buffered Saline (Thermo Scientific, 81, Wyman Street, Waltham, MA 02454 USA)
Tween solution and air dried. Mounting fluid was applied and the glass slide covered
with cover slides. The slides were then observed under ultra violet (UV) light on
fluorescence microscope (Olympus BX51 Olympus, Shinjuku Monolith, 2-3-1 Nishi-
Shinjuku, Shinjuku-ku, Tokyo 163-0914, Japan); an apple green fluorescence on
immobilized cells indicated adenovirus presence while red colour indicated a negative

outcome.
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2.6.4 DNA Extraction

Adenovirus DNA was extracted from supernatants of the 17 viral stocks using the
QlAamp DNA mini kit (Qiagen, Valencia CA, USA). In this extraction protocol 20ul of
Proteinase K, 200ul of the cell culture supernatants and 200ul of viral lysis buffer were
placed in 1.5ml centrifuge tubes and mixed by vortex for 15 seconds. The mixtures were
incubated at 56°C for 10 minutes in a Thermo Mixer comfort Incubator (Eppendorf AG
Barkhausenweg 1 22339 Hamburg Germany). The mixtures were then centrifuged for 30
seconds at 8000rpm 4° C in a bench centrifuge (Centrifuge 5415 Eppendorf AG
Barkhausenweg 1 22339 Hamburg Germany). 500ul absolute ethanol was added to each
tube, mixed by vortex for 15 seconds and the mixtures centrifuged for 30 seconds at
8000rpm 4° C. The mixtures were then transferred to the spin columns and spun for 60
seconds at 8000rpm 4° C and flow-through discarded. 500ul of first wash buffer AW1
was added to each column and centrifuged for 60 seconds at 8000rpm 4° C and the flow-
through discarded. 500ul of second wash buffer AW2 was added to each column and
centrifuged at 13200rpm 4° C for 3 minutes. The flow-through was discarded and the 2ml
collection tubes replaced for a dry spin at 13200rpm 4° C for 60 seconds. Viral DNA was
eluted using 100ul of elution buffer EA by spinning at 8000rpm 4° C for 60 seconds. The

extracted DNA was stored at -20°C for further processing.
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2.6.5 Polymerase Chain Reaction (PCR) of the hexon gene loop2 fragment.

Extracted DNA from the 17 culture supernatants were amplified by conventional PCR
using a primer set that amplify the hexon hyper-variable region 7 located in loop2 region.
The forward and reverse primer sequences were adopted from published study (Sarantis

et al., 2004). Primer sequences are given in Table 3 below.

Table 3 Primers Sequence for hexon amplification

HVRY up (forward) S5'CTE ATGE TAC TaAaC AAC AGC ACT GGEC
AAC ATGE &= 3

HVR7 down {(reverse) |5'GC0G TTE C&EE TeEE TEE TTA AAT GGG
TTT AC 37

The reaction mixture contained 1X PCR Buffer, 3uM MgSO4, 200uM concentrations of
each deoxynucleotide triphosphate, 0.5uM concentrations of each primer, 2.5 U of High
Fidelity Tag DNA polymerase (all reagents from Invitrogen, Carlsbad CA, 92008 USA),
and 5 pl of DNA template in a total volume of 50ul. PCR was carried out in a Gene Amp
PCR Systems 9700 Thermo cycler (Life Technologies, 3175 Staley Road, Grand Island,
NY, 14072, USA) with the following reaction parameters; an initial denaturation at 94°C
for 2 minutes, followed by 30 cycles of denaturation at 94°C for 1 minute, annealing at
54°C for 1 minute, and elongation step at 72°C for 3 minutes, with a final extension at
72°C for 7 minutes. The PCR parameters were adopted and optimized from ( Daniel et al.
2004). Virus amplicons were separated using 1% agarose gel electrophoresis containing
1pg/ml of ethidium bromide for 40 minutes at 70 V. The amplicon bands were visualized
under ultra violet light in a Transilluminator Alpha Imager HP (Weltevreden Park,

Johannesburg, 1715 S.A).
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2.6.6.0 Nucleotide Sequencing

2.6.6.1 EXoSAP-IT PCR products purification and quantification

The amplicons from PCR were purified using EXoSAP-IT protocol (USB® ExXoSAP-IT®
PCR Product Cleanup Product numbers 78200/01/02/05/50). 2l of EXoSAP were placed
in 1.5 ml PCR tubes and mixed with 10ul of PCR amplified viral DNA. The components
were mixed briefly by voltex followed by spinning for 30 seconds. The mixture was
placed in a preheated Gene Amp PCR Systems 9700 Thermo cycler (Life Technologies,
3175 Staley Road, Grand Island, NY, 14072, USA) with the following parameter;
incubation at 37°C for 15 minutes followed by inactivation step at 80°C for 15 minutes.
Purified amplicons were quantified using Nanodrop 2000c spectrophotometer (Thermo
Scientific, 81, Wyman Street, Waltham, MA 02454 USA), in a spectrophotometric
procedure where absorbance of nucleic acids is measured at 260nm wavelength. 1ul of
DNA was used in this measurement and concentration recorded in ng/pl. The ExoSAP
purified viral DNA amplicons were used in Sanger Sequencing BigDye Reaction as

described below.

2.6.6.2 Sanger Sequencing BigDye Reaction

The BigDye® Direct Cycle Sequencing Kit protocol (Applied Biosystems, Austin, TX
,18744 USA) was adopted for sequencing of ExoSAP purified viral DNA amplicons. The
BigDye master mix was prepared in two separate reaction volumes for the HVR7-
Forward primer and HVR7-Reverse primer. Each reaction mixture contained 2pl
BigDyeTerminator V1.1, V3.1 5X Sequencing Buffer and 1pl BigDye Terminator V3.1

cycle Sequencing RR-100 (Applied Biosystems, Austin, TX ,18744 USA) 1ul of 4uM
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primer, 4ul of Nuclease free water (Promega Madison WI USA) and 2ul of ExoSAP
purified DNA amplicons. The 10pul reaction volume BigDye PCR was carried out in a
Thermo cycler-Gene Amp PCR Systems 9700 (Life Technologies, 3175 Staley Road,
Grand Island, NY, 14072, USA) with the following reaction parameters; an initial
denaturation at 95°C for 5 minutes, followed by 35 cycles of denaturation at 95°C for 30
seconds, annealing at 55°C for 30 seconds, and elongation step at 68°C for 2 minutes 30
seconds, with a final extension at 68°C for 3 minutes. The BigDye PCR products were

purified by Sephadex purification method as described below.

2.6.6.3 Sephadex purification and resolution of BigDye PCR extension products

The BigDye PCR products were purified by Sephadex purification method adopted from
published protocol (Sequencing using capillary electrophoresis on the ABI Prism
3700.pdf, n.d.) as described below. Sephadex G-50 powder (SIGMA-AIldrich) was
measured using a plate loader and transferred to two multi-screen filter plates
(Multiscreen™, Millipore, Ireland). 300ul of distilled water was added to each well on
the multi-screen filter plates and let to set for at least 3 hours. Two 96 well optical PCR
plates (MicroAmp™, Foster City, CA, USA) were aligned with the multi-screen plates
and centrifuged at 910 X g for 5 minutes (Centrifuge 5810 R Eppendorf) to remove
excess water. Another set of 96 well optical PCR plates separately labeled for the HVR7
forward and HVR7 reverse primers BigDye reaction products were aligned with the
multi-screen filter plates. BigDye PCR products from each reaction were transferred to
the aligned multi-screen filter plate-96 well optical PCR plates and centrifuged at 910 X g
for 8 minutes. 10ul of double distilled water was added to each well of the 96 well optical

PCR plates with Sephadex purified BigDye PCR products. The plates were assembled by
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placing septa over the wells and loaded in the auto sampler cassette of preheated ABI
3500xL Genetic Analyzer (Applied Biosystems, Carlsbad CA, USA) and allowed to run
for resolution of BigDye PCR extension products. DNA sequence Contigs from ABI
3500xLGenetic Analyzer were assembled and edited by DNA Baser Sequence Assembler

version 10 (BioSoft) available at http://www.dnabaser.com and saved in FASTA format.

2.6.7.0 Bioinformatics analysis

2.6.7.1 Nucleotide sequence identity search, translation and submission to GenBank
To determine the identity of the assembled nucleotide sequences, an online
bioinformatics resource tool — Basic Local Alignment Search Tool (BLAST) was used
(Altschul et al., 1990;  Altschul et al, 1997)  available  at

http://www.ncbi.nlm.nih.gov/Blastn.cgi. The nucleotide sequences were used to query

GenBank non-redundant nucleotide sequences database for similar sequences. The
nucleotide sequences were translated into protein code using the Expasy translate tool
(Artimo et al., 2012) available on Swiss Institute of Bioinformatics resource portal

http://web.expasy.org/tools/translate/.

The nucleotide sequences from this study were deposited in GenBank database under the
following accession numbers: KJ527469, KJ527470, KJ527471, KJ527472, KJ527473,
KJ527474, KJ527475, KJ527476, KJ527477, KJI527478, KJ527479, KJ527480,

KJ527481, KJ527482, KJ527483, and KJ527484.
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2.6.7.2 Multiple sequence alignment and Phylogenetic analysis

The GenBank nucleotide sequences displaying the highest sequence identities to each of
the sixteen HAdV sequences were fetched from GenBank prior to multiple sequence
alignment. The sequences fetched had accession numbers: KC747631.1 for HAdV C
serotype 1 isolated in Korea; AF515814.1 for HAdV B serotype 7 isolated in China;
HQ535662.1 for HAdV C serotype 6 isolated in United Kingdom; AF053085.1 for
HAdV B serotype 7 isolated in Japan; AB436561.1 for HAdV C serotype 2 isolated in
Japan; FJ943599.1 for HAdV C serotype 1 isolated in Germany; KC747641.1 for HAdV
B serotype 5 isolated in Korea and JQ407712.1 HAdV C isolated in France. Reference
hexon sequences representing each serotype of respiratory human adenovirus species B,C
and E were also included in this analysis. These reference hexon coding sequences of
HAdV species B, C and E included GenBank accesion numbers AJ293903.1 for HAdV
C serotype 2 representing species C isolated in Germany, AY008279.1 for HAdV B
serotype 21 representing species Bl isolated in the USA, KC689915.1 for HAdV B
serotype 7 representing species B2 and KC551973.1 for HAdV 55 both isolated from
China. Others were AB330115.1 for HAdV B serotype 34, AB330116.1 for HAdV B
serotype 35, AB330131.1 for HAdV B serotype 50, AB330097.1 for HAdV B serotype
16, AB330095.1 for HAdV B serotype 14, AB330092.1 for HAdV B serotype 11,
AB330088.1 for HAdV B serotype 7, AB330087.1 for HAdV C serotype 6, AB330086.1
for HAdV C serotype 5, AB330085.1 for HAdV E serotype 4, AB330084.1 for HAdV B
serotype 3, and AB330082.1 for HAdV C serotype 1 all isolated from Japan. K01264.1

representing bovine adenovirus 3 was used as the outgroup in this analysis.
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Multiple sequence alignment was perfomed using Muscle version 3.8.3.1(Edgar, 2004)
and edited and visualised by GeneDoc version 2.6.002 (Nicholus et al.,1997)
Phylogenetic analysis was perfomed using bayesian inference of phylogeny executed in
MrBayes version 3.2.2 (Huelsenbeck et al., 2001). The General Time reversible (GTR)
model (Tavaré, 1986) with gamma distributed rate variation across site and a proportion
of invariable sites was used. For phylogenetic reconstruction, 1,000,000 Markov chain
Monte Carlo (MCMC) generations were performed with a sampling frequency after
every 1000 trees. The results of phylogenetic analyses were visualized with FigTree

version 1.4.0 (Andrew Rambaut, 2007).

2.6.7.3 Location of hyper variable region 7

To locate the hyper variable region 7 within the hexon gene using the nucleotide
sequences, a multiple sequence alignment of the sequences was built using the HAdV?2
hexon gene (GenBank accesion number AJ293903.1). The alignment was perfomed using
Muscle version 3.8.3.1(Edgar, 2004) and visualised by GeneDoc version 2.6.002

(Nicholus et al., 1997)

2.6.7.4 Amino acid sequence substitutions in HAdV loop2 sequences

To demonstrate amino acids substitutions in the hyper-variable and the fairly conserved
regions of hexon loop 2 sequences, a multiple sequence alignment of translated
sequences was perfomed using Muscle version 3.8.3.1 (Edgar, 2004) and visualised by

GeneDoc version 2.6.002 (Nicholus et al., 1997).
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2.6.7.5 Analysis of synonymous and non synonymous mutations

Synonymous and non synonymous mutations were calculated using MEGA version 5.2
(Tamura et al., 2011). The analysis involved computation of the overall mean distance in
a set of aligned sequences of the same serotype together with corresponding reference
sequences. Two substitution models were used separately for comparison purpose; the
Nei-Gojobori (Jukes-cantor) method and the Kumar (Kimura-2-parameter) method. Non
synonymous- synonymous ratio (dN/dS) of <1 for sequences of the same serotype was
used to imply a purifying selection of the sequences. Likewise dN/dS ratio of >1 implied

that the sequences were under a positive selection pressure.
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CHAPTER THREE

3.0 RESULTS

3.1 Detection of cytopathic effect (CPE) in Hep2 cells putatively infected with
HAdV.

Following inoculation of the 17 adenovirus virus stocks and subsequent growth in Hep2
cells, presence of adenovirus was detected by observation of CPE. The CPE consisted of
rounding and detachment of the cells from the substratum. Sixteen virus stocks (94%)
exhibited CPE after 7 days of inoculation. Fig. 7 below shows an example of CPE
observed from Hep2 cell inoculated with one of the virus stocks. From a single virus
stock ID number NNY-10-11-040, CPE in the Hep2 cells was only observed after an

extended incubation of 10 days post inoculation (table 4).

A B %58 N R :
Figure 7. Cytopathic effects (CPE) on cultured Hep2 cells upon infection with a
HAdV stock. Virus infection of the monolayer of Hep2 cells resulted in cell morphology
changes. Fig 7-A: monolayer of uninfected Hep2 cells with no CPE. Fig 7-B: a
monolayer of the same cells 7 days after inoculation with virus stock number NNY-10-
06-016. Observations were made at magnification x200 using Olympus microscope,
Model 299682 (Olympus, Tokyo, Japan).

40



3.2 Confirmation of presence of HAdV in Hep2 cells displaying CPE.

Presence of HAdV in the inoculums was confirmed by immunofluorescence assay. In this
assay HAdV-specific monoclonal antibodies labeled with fluorescein isothiocyanate
(FITC) - a fluorescent dye- emitted apple green fluorescence that was easily visualized by
a fluorescence microscope under ultra violet light. The apple green fluorescence was
observed in all the sixteen tubes reported in section 3.1 above where CPE had been
observed by the seventh day of inoculation. No fluorescence was detected in the tube
inoculated with virus stock NNY-10-11-040. A typical result of this result is shown in
Fig. 8 (A-C), below. IFA results for all the 17 virus stocks used in this study are given in

appendix .

Figure 8. A typical Immunofluorescence assay (IFA) result of adenovirus infection
of Hep-2 cells. Infected cells fluoresce with the apple green color while uninfected cells
appear with a background dull red color. Fig 8-A: negative control slide. Fig 8-B:
adenovirus positive control slide showing adenovirus specific monoclonal antibodies on
infected cells. Fig 8-C: Hep2 cells infected with virus stock number NNY-10-06-016.
The observations were made at Magnification, x400 using Olympus BX51 Fluorescence
Microscope (Olympus, Tokyo, Japan).
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Table 4 Summary of serological detection of adenovirus in Hep2 cell culture. Presence of
virus by CPE observation is shown by a “YES” and absence by “NO”. Adenovirus
presence in culture by IFA is denoted by “+” and absence of virus is denoted by ““-”.

Sample 1.0 Prasence of CPE? IFA
Day 7 poat | Day 10 poat
inoculation | incculation

HHY-10-06-016 ¥ES *
HHY-10-06-018 TES +
HHY-10-06-032 TES *
HMY-10-06-073 TES *
HEE-10-07-00% YES +
HHY-10-07-033 YES *
HHY-11-0%-001 YE3 +
HHY-10-11-022 TES *
HHY-10-11-034 YES *
HHY=10=11-040 i [] YES -
HHY-11-03-077 TES +
HHY=11=-07=001 YES +
HMY-11-10-044 TES +
HEf=11-11-013 TES *
HHY-11-12-004 TES *
HEY =12 -03-027 TES +
HHY-12-03-029 TES *

3.3 Determination of purity and concentration of viral DNA extracted from IFA-
positive Hep2 cells.

The extracted DNA from each of HAdV isolates yielded an absorbance ratio at
260/280nm of more than 1.6 (table 5). Upon measurement of absorbance at 260nm, the

concentrations from the virus DNA ranged between 245.4 to 858.4png/ul (table 5).

Table 5 Purity and concentrations of DNA extracts from HAdV isolates. Concentration
of each DNA sample is given in ng/pl.

Sample Unigue Abhsorbance Ratio OHA oconocentration
b 260/ 280nm frgsuly
HMY=10=06=016 1.8 TT9.2
HHY-10-0&6—-018 1.7 3939 .2
HHY-10-06-032 1.8 ET0. 6
HHY=10=06=0T3 1.8 TIE. 8
HHY-10-07-009 1.8 e58 .4
HHY—-10-07-033 1.B 480 .9
HHY=11=08=001 1.8 528.5
HHY-10-11-022 1.8 462 .8
HMHY—-10-11—-034 1.7 as2 .7
HHY—-10-11-040 1.8 245 4
HHY-11-03-0T7 1.7 605 .6
HHY—-11-07—001 i.B 535 .0
HHY-11-10-044 1.8 458 . &6
HHY=11-11-013 1.8 467 .3
HHY-11-12—-004 1.8 AEs .7
HHY-12-03-027 1.8 E29 .6
HHY=12=-03=028% 1.6 504.7
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3.4 Detection and purification of the hexon gene amplicons.

PCR amplicons were detected as fluorescent bands after an agarose gel electrophoresis
and exposure to UV light. The amplicon bands of approximately 500bp were seen in all

cases where HAdV DNA and hexon gene-specific primers had been included (Fig. 9).

M1 2 3 4 5 6 7 8 91011 121314 15 16 17

500 bp
250 bp

Figure 9. Gel electrophoresis of HVR 7 PCR amplicons. Lane M represents 100 bp
DNA ladder (Promega Madison WI USA) used as molecular weight marker. PCR
amplicons are shown in lanes 1-17 representing DNA samples used in this study 1.NNY-
10-06-016, 2.NNY-10-06-018, 3.NNY-10-06-032, 4.NNY-10-06-073, 5.NNY-10-07-
009, 6.NNY-10-07-033, 7. NNY-11-09-001, 8.NNY-10-11-022, 9.NNY-10-11-034,
10.NNY-10-11-040, 11.NNY-11-03-077, 12.NNY-11-07-001, 13.NNY-11-10-044,
14.NNY-11-11-013, 15.NNY-11-12-004, 16.NNY-12-03-027, 17.NNY-12-03-029

Upon purification of the PCR amplicons by ExoSAP-IT to remove unused primers,
DNTPs, and DNA template, clean PCR amplicons were obtained (Fig. 10). The
concentrations of the DNA of the purified amplicons ranged between 118.1-526.7 pg/ul

(Table 6).

M 1 23 4 56 7 89 10 11 1213 14 15 16

500 bp
250 bp

Figure 10. Gel electrophoresis of cleaned PCR amplicons. Lane M represents 100 bp
DNA ladder (Promega Madison WI USA) used as molecular weight marker. Purified
PCR amplicons are shown in lanes 1-16 representing DNA samples used in this study
1.NNY-10-06-016, 2.NNY-10-06-018, 3.NNY-10-06-032, 4.NNY-10-06-073, 5.NNY-
10-07-009, 6.NNY-10-07-033, 7.NNY-11-09-001, 8.NNY-10-11-022, 9.NNY-10-11-
034, 10.NNY-11-03-077, 11.NNY-11-07-001, 12.NNY-11-10-044, 13.NNY-11-11-013,
14.NNY-11-12-004, 15.NNY-12-03-027, 16. NNY-12-03-029
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Table 6 Concentrations of purified pre-sequencing PCR amplicons. Concentration of
each DNA sample is given in pg/pl.

Sample Unigue ID DA concentration

{ng/ul)
MHY-10-06-016 1456.7
HHY-10-06-018 iie.1
HHY-10-06-032 371.1
HHY=10=06=073 526.7
WY-10-07-009 121.6
HHY-10-07-033 154 .4
HHY=11=09=001 119.3
HHY-10-11-022 380.1
HHY-10-11-034 484 .6
MY -11-03-077 310.0
HHY-11-07-001 366.0
HHY-11-10-044 158.8
HHY=-11-11-013 293 .3
MHY-11-12-004 314.8
HMHY-12-03-027 316.8
HHY-12-03-029 125.7

3.5 Nucleotide sequences of HAdV HVRY7 isolates of the study
The ABI 3500XL genetic analyzer yielded plus and minus strand nucleotide sequences

for each amplicons with very high signal/noise ratio (Fig. 11). Contig assembly yielded
consensus nucleotide sequences for each amplicons. A portion of a representative contig

assembled in DNADbaser is shown in Fig. 12.
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Figure 11. Chromatogram trace of a portion of one of the sequenced HAdV’s loop-2
fragment. The background peak signal is very low compared to signal peaks of the
called bases.
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Figure 12. A portion of an assembled contig profile for one of the HAdV loop-2
fragment. The assembly was built using DNAbaser version 10 (Biosoft) available at
http://www.dnabaser.com.

3.6 Nucleotide identity search analysis
In order to identify sequences in the GenBank similar to the assembled contigs, BLAST

analyses were carried out. The results revealed that the sixteen sequences had very high
similarities to human adenovirus sequences with expectation (E) values of zero. A
representative BLAST search result is shown in Fig.13. A summary of the BLAST
results using the nucleotide sequences for all the sixteen sequences is shown in table 7
below. The sixteen sequences had nucleotide identities of 98-99% compared to the next

homologous reference sequence in the GenBank database.
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Figure 13. A representative result of nucleotide BLAST (nblast) of the sequenced
HAdV loop-2 fragment. NNY-10-06-016 sequence is highly similar to a portion of the
human adenovirus C isolate Adbx29 whose GenBank accession number is JQ407712.1
with a single mismatch in a 564 region of the loop2 and E value of 0.

Table 7 Summary of nucleotide BLAST (nblast) results of the sequenced isolates.

Sample Unigue Identity Accession Numbers Mucleotide Identity | E Value
showing the highest % score (%)
identity score
01 KC747631.1 99 0.0
02 AF515814.1 98 0.0
03 HO535662.1 a9 0.0
04 HO535662.1 a9 0.0
05 AFOS3085.1 98 0.0
06 AF515814.1 98 0.0
07 AB436561.1 a9 0.0
08 F1943599.1 99 0.0
09 KC747631.1 99 0.0
10 ABA3ES561,1 98 0.0
11 AF515814.1 98 0.0
12 KC747641.1 99 0.0
13 AFO53085.1 a9 0.0
14 AFD53085.1 98 0.0
15 AB436561.1 a8 0.0
16 104077121 99 0.0
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3.7 Location of hyper variable region 7

The location of HVR7 within the loop 2 region of the hexon gene was determined by
multiple sequence alignment using HAdV C2 (Acc. No. AJ293903.1) complete hexon
coding sequences as a guideline. The analysis revealed that amplicons spanned nucleotide
position 1104-1640 of the HAdV C2 hexon gene (Fig.14). The hyper variable region 7
(HVRY) is located at nucleotide position 1330-1400 within HAdV C2 hexon gene (Fig.
14). From these multiple sequence alignment, the location of HVRY7 in all the sixteen

sequences was clearly located (Fig. 14).
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Figure 14. Multiple sequence alignment of the loop 2 region of the sixteen HAdV
nucleotide sequences with HAdV 2 hexon gene. In this alignment, the hyper variable
region is located in nucleotide position 1330-1400 based on the 2910bp coding sequences
of the hexon gene of HAdV 2 (Acc No. AJ293903.1).
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3.8. Phylogenetic analyses

Phylogenetic reconstruction using the sixteen HAdV sequences in this study together
with reference sequences from respiratory HAdV species B, C and E vyielded the
phylogentic tree shown in Fig.16. The sixteen HAdV sequences grouped into two main
genetic clusters belonging to HAdV B and C species. Six sequences (NNY-10-06-018,
NNY-10-07-009, NNY-10-07-033, NNY-11-07-001, NNY-11-11-013, NNY-11-12-004)
clustered among the HAdV B7 reference serotypes while the remaining ten clustered
with HAdV C reference serotypes. The grouping in the HAdV C genetic clusters further
split into four distinct clades representing serotype 1 (NNY-10-06-016, NNY-10-11-034,
NNY-10-11-022) serotype 2 (NNY-12-03-029, NNY-11-03-077, NNY-12-03-027, NNY-
11-09-001) serotype 5 (NNY-11-10-044) and serotype 6 (NNY-10-06-073, NNY-10-06-
032). Overall, the HAdV distribution was HAdV C serotype 1 at 25%, HAdV C serotype
2 at 25%, HAdV C serotype 5 at 6.25%, and HAdV C serotype 6 at 12.5%. HAdV B

serotype 7 accounted for 31.25% of the sequences.
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Figure 15. Phylogenetic analysis using the nucleotide sequences of the & determinant
loop2 from HAdVs under study. The phylogeny was inferred by Bayesian method from
an alignment performed using Muscle3.8 and the tree diagram visualized using FigTree
v1.4.0. Reference hexon sequences from each serotype of respiratory HAdV species B, C
and E are identified with their GenBank accession numbers at the end of the branches.
The HVR7 loop2 sequences are identified with unique codes as used in this study.
Bovine Adenovirus 3 was used as an out-group. Sequences belonging to the same species
or serotype clusters are highlighted with brackets. The posterior probability values are
expressed as percentages at each branch.
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3.9 Amino acid substitutions in HAdV loop2

The region of the hexon protein analyzed consisted of approximately 140 amino acids
from position 399 to 545 (HAdV C2 hexon sequences numbering [Acc.No. AJ293903.1]
(Fig.16). Thus the hyper variable region 7 is located within this analyzed region, being
positioned at amino acid positions 433-467 according to HAdV C serotype 2. This region

IS characterized by amino acids substitutions, insertions and deletions (Fig.16).
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Figure 16. Multiple sequence alignment of all the sixteen HAdV loop-2 sequences
deduced amino acid sequences. HAdV2 amino acid sequence numbering [accession
number AJ293903.1] was used as the reference. The HVR?7 is highlighted.
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Figure 17 (I-V). Amino acid polymorphisms of the HAdV isolates within hexon loop-
2 region in relationship to reference strains. The phylogenetically classified HAdV
serotypes 1, 2, 5, 6 and 7 sequence clusters are presented in figures 171, 1711, 17111, 171V,
and 18V respectively. Reference strains for each of the HAdV serotype cluster appear
above the other sequence(s) in each of the alignments.
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Amino acid polymorphisms in loop 2 of the hexon gene in each of the five genetic
clusters representing the HAdV serotypes as determined by phylogenetic classification

(Fig.16) are shown in Fig. 17 I-V.

Overall, compared to the reference strain HAdV C serotype 1 (Acc. No. AB330082.1),
there were 5 polymorphic sites in the phylogenetic cluster representing serotype C-1 (Fig.
17-1). Individually, the substitutions were distributed as follows: three in NNY-10-11-
022, three in NNY-06-016 and one in NNY-10-11-034. Compared to the reference strain,
the protein sequence of the NNY-10-11-022 isolate had a leucine (L) to methionine (M)
substitution at position 398. Two more amino acids substitutions were observed in this
sequence at position 514, where aspartate (D) was replaced by lysine (K) and at position
519 where arginine (R) replaced glutamine (Q). There were three substitution events in
isolate NNY-10-06-016. These included substitutions at positions 425 where tyrosine
(YY) was substituted with asparagine (N), at position 514 where aspartate (D) was replaced
by asparagine (N) and at position 524 where glycine (G) was substituted for by arginine
(R). There was only one substitution in NNY-10-11-034 at position 514 involving a
replacement of aspartate (D) with asparagine (N). Overall, position 514 was the most
polymorphic site because all the Kenyan isolates differed from the reference strain at this

site.

In the HAdV C serotype-2 genetic cluster, there were 9 positions at which 15 mutations
were observed (Fig. 17-11). NNY-11-09-001, NNY-12-03-027 and NNY-11-03-077
exhibited three consecutive substitutions at positions 447, 448, and 449 (HAdV C
serotype-2 Acc. No. AJ293903.1 numbering). At each of these three sites in the three
sequences, the substitutions consisted of asparagine (N) to serine (S) at position 447,
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glycine (G) to aspartate (D) at position 448 and alanine (A) to serine (S) at positions 449.
There were two more substitutions in NNY-12-03-027 at positions 507 and 540 involving
threonine (T) to serine (S) and arginine (R) to histidine (H) respectively. There was also a
substitution of proline (P) to serine (S) at position 528 in this sequence. Three more
substitutions were observed in NNY-11-03-077. These occurred at positions 500, 508
and 529 and involved replacement of aspartate (D) with histidine (H), asparagine (N)

with histidine (H) and glycine (G) with arginine (R) respectively.

HAdV C serotype-5 genetic cluster contained a single test sequence NNY-11-10-044, and
was compared with reference sequence of HAdV C serotype-5 accession number
AB330086.1 (Fig. 17-111). There were 7 positions at which amino acid substitutions were
observed. These included position 429 where valine (V) was replaced with isoleucine (1),
positions 427 & 433 where Threonines (T) were substituted by alanines (A), while the
remaining substitutions occurred at positions 435, 438, 478 and 515 and involved
substitutions of glutamine (Q) with glutamate (E), glycine (G) with lysine (K), alanine

(A) with threonine (T) and aspartate (D) with tyrosine (YY) respectively.

Compared to the reference strain HAdV C serotype 6 (Acc. No. AB330087.1), two of the
Kenyan isolates i.e. NNY-10-06-032 and NNY-10-06-073 that grouped in the HAdV C
serotype-6 genetic cluster had a deletion of alanine (A) at position 401 (Fig. 17-1V). In
contrast, isolate NNY-10-06-073 had an additional mutation involving substitution of

aspartate (D) by asparagine (N) at position 513.

Amongst the five phylogenetic clusters observed in this study, HAdV B serotype-7

cluster constituted the bulk of the sequences. There were 9 positions that exhibited amino
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acid changes accounting for the 15 individual mutations in this cluster. NNY-11-07-001
had a substitution of glutamate (E) with glutamine (Q) at position 393 (HAdV B
serotype-5 Acc. No. AF053085.1 numbering). NNY-11-07-001, NNY-11-12-004 and
NNY-11-11-013 each had E484K substitutions involving replacement of glutamate (E)
with lysine (K). NNY-10-06-018 and NNY-10-07-009 also had substitutions E484N at
this position where the glutamate (E) residue was replaced by asparagine (N). NNY-10-
06-018 had four more substitutions consisting of E393Q, Y467D, V491G and D497H.
Five substitutions were observed in NNY-10-07-033; these included V490M, I502P,

N481H, Y485N, and D497Q.
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3.10 Hexon loop2 nucleotide sequence analyses for dN/dS

The synonymous (dS) and non-synonymous (dN) rates of nucleotide substitutions in the
loop-2 sequences are given in table 8 below. The table also shows a summary of the
dN/dS ratio as calculated following two substitution models; Nei-Gojobori and Kumar
substitution models. Values of dS and dN for sequences belonging to the same serotype
are given as computed using the two substitution models. Sequences in the HAdV C
serotype land serotype 6 gene clusters had dN/dS ratio of 1. Sequences constituting the
HAdV species C serotype-2 genetic clusters yielded dN/dS ratio of less than 1 while in

HAdV species C serotype 5 and HAdV species B serotype 7 the ratio of dN/dS was

greater than 1 (Table 8).

Table 8. Summary of nucleotide sequences distance estimation by synonymous and non-

synonymous substitutions

MNei-Gojobori substitution

Kumar substitution

model models
ds dN | dNjds| ds dN | dN/dS
HAdV C serotype 1 geneticcluster | 2052 | 02746 | 1.0 | 0.2291 | 0.2523 | 1.0
HAdV C serotype 2 genetic cluster | 0208 | 0.0133 | 0.64 | 0.0335 | 0.0136 | 04
HAdV C serotype 5 geneticcluster | 90067 | 0.0417 | 6.2 | 00026 | 0.046 | 17.7
HAdV C serotype 6 genetic cluster | np109 | 0.0118 | 1.0 0.01 | 00109 | 10
HAdV B serotype 7 geneticcluster |, o153 | 00283 | 22 | 00185 | 00263 | 14
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CHAPTER FOUR

4.0 DISCUSSION

HAdVs are recognized disease causing pathogens especially in pediatric patients,
immune compromised patients and in the military recruits living in close quarters (Potter
et al., 2012). Specific HAdV serotypes have been associated with particular clinical
conditions (Sharma et al., 2009) and therefore an understanding of HAdV serotypes
circulating in a population is crucial in planning and management of the disease caused
by these viruses and ensuring timely therapeutic intervention. Adenoviral infections are
cumbersome to treat just like other viral infections, and for that reason early diagnosis
will aid in efficient supportive management of disease symptoms. Understanding the
species and serotypes of adenoviruses in circulation will aid policymakers and clinicians
in public health preparedness for disease due to these viruses. It will also assist clinicians
in determining the most appropriate course of treatment to administer at the earliest time

possible following the onset or outbreaks of the infection.

In this study serological and molecular approaches were used to identify and characterize
respiratory human adenoviruses from nasopharyngeal specimens from pediatric patients
presenting with influenza like illness. In the period of June 2010 to June 2012, 1879
nasopharyngeal swab specimens from symptomatic patients were collected from New
Nyanza Provincial General Hospital through the influenza surveillance program at
USAMRU-K. From these specimens, 17 cases infected with adenovirus were reported.
Thus the prevalence of respiratory HAdV at this hospital during the study period was
approximately 1%. This prevalence is very low compared to prevalence of infection by

influenza viruses at the same hospital during the same time, which was at approximately
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25% (NIC lab reports), showing that respiratory disease burden at this site due to

respiratory HAdV was very low.

Whereas preliminary diagnosis had been performed on the patient samples to determine
prevalence of infection by respiratory HAdV no further analyses had been carried out on
the samples to provide information regarding serotypes and molecular characteristics of
adenoviruses implicated in those cases. Serologic and molecular characteristics are
important in understanding the epidemiology of any viral diseases. For this reason, this
study sought to bridge this gap in the knowledge by systematically carrying out

serological and molecular characterization of those 17 respiratory human adenoviruses.

The first part of this study involved re-inoculation and serological identity confirmation
of the isolated adenovirus. The need to confirm the presence of adenovirus in the
archived stocks was informed by the fact that virus viability is affected by handling and
storage conditions (Leland et al., 2007). Re-inoculation of the virus stocks in cell culture
was also important because it amplified the viruses leading to increased virus titers, a
prerequisite for obtaining adequate viral DNA for subsequent molecular characterization
procedures. Surprisingly, CPE was observed in all but one of the inoculated culture after
seven days. The failure of virus stock NNY-10-11-040 to generate CPE in culture within
the first week of inoculation may have been due to either total absence of virus in the
stock, hence wrong diagnosis of this patient having been infected with a respiratory
HAdV, or very low viral load in the stock that required extended periods of incubation to
allow the low virus load to amplify before CPE is established. Whereas CPE was
eventually established on the 10" day, this CPE was not due to respiratory HAdV

because subsequent serological tests confirmed the absence of HAdV. The CPE

58



observed after the 10™ day could have been caused by accumulation of metabolic waste
products in the cell culture or by another virus that has the Hep2 cell line as its
permissive host such as coxsackievirus. Due to unavailability of test reagents, this
culture was not tested for the presence of coxsackievirus. In 16 cultures that were
confirmed to have respiratory HAdV by IFA, disparity in the number of apple green
staining of Hep2 cells was evident indicating that each of the virus stocks had varying

viral loads.

For further downstream molecular analyses including PCR and nucleotide sequencing to
be successful, a pure sample of virus DNA was required. Spectroscopic measurements in
the UV range have been shown to be a very quick and accurate measure of purity of
nucleic acid where the absorbance ration (due to presence of purine and pyrimidine rings
in the DNA bases) of pure DNA at 260/280nm of approximately 1.8 generally accepted
as “pure” for DNA (ThermoFisherScientificTechnicalsupport). In the current study, the
ratio of absorbance at 260/280nm in nearly all the DNA extracts were ~1.8 indicating
that the purification method yielded DNA that was amenable to further downstream
manipulations. The concentrations from each virus stock ranged between 245.4 to
858.4ng/ul, again attesting to the variability in the viral loads between disparate virus
stocks. From this consideration alone, it can be said that virus stock NNY-10-11-040
which yielded 245.4ng/ul of DNA had the lowest virus load and that stock virus NNY-
10-07-009 that yielded 858.4ng/pl of DNA had the highest viral load. However, since
Hep2 cells supports growth of a variety of other viruses besides adenovirus the DNA
concentrations may not have solely been of adenovirus origin. The fact that all virus

extracted DNAs showed only a single band with no smears when they were run on the
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agarose gels confirms that the Qiagen kit used in this study has indeed been optimized for
virus DNA extraction, suggesting that the entire DNA was of adenovirus origin. Since a
minimum of 50ng/pl of DNA per sequencing reaction is required for a successful Sanger
sequencing reaction, the purification process yielded adequate quantities for downstream
sequencing because at least 50pg/pl of purified amplicon DNA was obtained per isolate.
This was also confirmed by the successful nucleotide sequencing of the amplicons as

discussed below.

BLAST analyses showed that all the sequences generated from the 16 virus stocks were
of respiratory human adenoviruses with sequence homology of greater than 98%
compared to the next homologous adenovirus sequence in GenBank with E values of 0.0.
The low E-values, a statistical parameter that describes the number of hits one can
"expect” to obtain by chance when searching a database, showed highly significant
matches in nucleotides between the 16 isolates and database adenovirus entries. Thus, the
high sequence homology confirmed the CPE and IFA results that indeed the virus stocks
belonged to adenovirus group of viruses. Indeed, past studies have demonstrated that
nucleotide homology of more than 97.5% is a valid criteria for determining the identity of

adenovirus isolates (Madisch et al., 2005).

Hexon epsilon fragment is one of the species and serotype specific determinant regions in
adenovirus genome (Xu et al., 2000). Other serotype-specific regions are found in the
penton and fiber genes (Xu et al., 2000). Previous studies have demonstrated that
analyzing either loopl or loop2 regions of hexon epsilon determinant can lead to
classification of adenoviruses into serotypes. Hexon loop2 region used in this study has

been described as the most simple but sufficient approach for molecular typing of human
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adenoviruses (Madisch et al., 2005). Thus using the nucleotide sequences of loop 2
region in a phylogenetic reconstruction analysis, the 16 virus isolates clustered into
distinct clades with high (100%) overall posterior probability values. The general overall
high posterior probabilities values indicated that the viral sequences were adequately
identified as belonging to a particular species or serotype. The posterior probability
values are however low (e.g. 54%) particularly at nodes separating putative strains of the
same viral isolate, indicating that strain separation may be more difficult to achieve using

molecular phylogenetic analyses.

Phylogenetic analyses using the hexon loop 2 nucleotide sequences demonstrated that
during the study period, HAdV C was the predominant species accounting for 68.75% of
the reported cases. During the study period four serotypes of species C (i.e. serotypes C1,
C2, C5 and C6) were identified in circulation. However, for HAdV B species, only a
single serotype 7 was identified. Interestingly, despite being the only species B serotype
in circulation during this period, HAdV 7 was the predominant serotype accounting for
31.25% of all isolates. The HAdV B serotype 7 has been associated with outbreaks and in
certain cases fatalities and therefore prevalence of this serotype in the Kenyan population
has public health significance (Kim et al., 2003; Lewis et al., 2009; O'Flanagan et al.,

2011).

HAdV species E was not observed among the isolates and therefore was not in circulation
during the study period. Previous studies have suggested that HAdV E might have
emerged through recombination involving strains of HAdV B serotype 16 (Shenk, 2001.).

Since only HAdV B7 serotype was present in the Kenyan isolates during the study period
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without any other species B serotypes to recombine with, this could explain the absence

of HAdV E among the Kenyan isolates.

As was expected, sequence analyses revealed the presence of the hyper variable region 7
within the fairly conserved hexon epsilon fragment across the entire HAdV serotypes.
The hyper variable region is characterized by insertions and deletions of nucleotides/
amino acids which together with mutations seen in the fairly conserved segment of hexon
gene contribute to the genetic diversity of the adenoviruses. The variability in the hyper
variable region is a key immunological determinant in adenovirus driven by immune
pressure since the hexon protein is outwardly oriented in adenovirus capsid. Therefore,
any change occurring at nucleotide level that amounts to alteration in the amino acid
sequence of the hexon protein has profound effect on the virus capacity to interact with
its host receptor. Remarkable genetic variability in hexon protein as wells as in the other
immunological significant proteins i.e. penton and fiber may result to emergence of new

genotypes of adenoviruses.

Genetic diversity in a population is a good indicator of an ongoing evolutionary process.
Therefore, analysis of synonymous and non-synonymous mutations in the isolates that
were identified as belonging to the same serotype was carried out to determine if the
sequences were under selection pressure. Under purifying selection pressure the dN/dS
ratio is expected to be less than 1. The dN/dS analysis in sequences constituting HAdV
C1 and HAdV C6 genetic clusters showed that those sequences were not under selection
pressure. Selection pressure was observed in sequences constituting the HAdV C2,
HAdV C5 and HAdV B7 genetic clusters. The HAdV C2 genetic cluster yielded dN/dS

ratio of less than 1 indicating the sequences were under a purifying selection pressure.
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The dN/dS ratio of sequences constituting the HAdV C5 and HAdV B7 genetic clusters

was greater than 1 implying that these sequences were under positive selection pressure.

Normally genes exhibiting positive selection pressure indicate that the host organism is
continually undergoing evolution in order to adapt to changes in the environment.
Consequently, the Kenyan HAdV C5 and HAdV B7 were found to be undergoing an
evolutionary process which signifies instability in their genomes. HAdV B7 was also the
predominant serotype circulating during the study period. These serotypes are of great
significance from a clinical perspective. HAdV B7 is one of the serotypes that has been
implicated in adenovirus outbreaks and in some cases fatalities (Kim et al., 2003; Lewis
et al., 2009; O'Flanagan et al., 2011); while HAdV C5 is a popular vaccine vector for
many test drugs including Kenya Prime Boost HIV vaccine that has previously been on
clinical trials in Kenya (Kibuuka et al., 2010). Therefore, there is need to continually
carry out surveillance of these adenovirus serotypes in order to track their evolution.
Drastic evolution of these serotypes could eventually result in emergence of more
virulent adenoviruses which can be difficult to manage in case of severe outbreaks.
Policy makers in the Kenyan health sector should consider introducing the adenovirus
vaccine currently used by the US military in the Kenyan population especially among the
most vulnerable in the general population like patients in pediatric wards and military
recruits living in close quarters. The adenovirus used by the US military is a divalent
vaccine with components of B7 and B14 serotypes (Potter et al., 2012). A Kenyan
specific vaccine may include C5 and B7 components. Adenovirus vaccination programs
have been successful in reducing the prevalence of adenovirus infections in other parts of

the world and therefore such efforts should be embraced here as well.
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The main goal of this study was to identify and classify adenovirus isolates. This has
been successfully achieved by sequencing the HVR 7 region of hexon gene; a well
known adenovirus antigenic site important in adenovirus serotyping (Crawford et
al.,1996). This work has for the first time demonstrated the genetic variations of the
Kenyan respiratory human adenoviruses while at the same time confirmed the findings of
a previous study (Sarantis et al., 2004) that used hexon loop 2 sequences to detect and

classify HAdVs that were known by that time.

4.1 STUDY LIMITATIONS

Whereas this study has contributed to the knowledge gap that existed in the molecular
characteristics of respiratory human adenoviruses found in Kenya, like most studies, it
had a few limitations. For example, only one of the three diagnostically useful genes in
detection and genotyping of adenoviruses, the hexon gene, was used. Further studies
utilizing nucleotide sequences of the penton and fiber genes, preferably full-length genes
and even better full genome sequences of the adenoviruses will afford a more
comprehensive picture of the genetic characteristics of the Kenyan respiratory human

adenoviruses.

64



CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATION

The nucleotide sequences of the hyper-variable loop 2 of the HAdV hexon gene have
been applied in characterization of respiratory adenoviruses that circulated at New
Nyanza Provincial General hospital during the study period into species B and C.
Specifically, HAdV B serotype 7 and HAdV C serotypes 1, 2, 5 and 6 were found to have
been in circulation during the study period. There was significant genetic instability in
the hexon gene of the HAdV species B7 and HAdV species C5 seen at this site compared
to those from other parts of the world implying that there is a continuing evolution of
these Kenyan respiratory HAdVs. | therefore recommend that policy makers in Kenya
health sector should consider introducing adenovirus vaccine containing HAdV serotypes
5 and 7 components to be administered to pediatrics in western Kenya since they are the

most vulnerable in case of an outbreak.

To gain a complete understanding of the evolutionary process seen in isolated HAdVs, in
future, researchers should carry out whole genome sequencing and analyses of these
viruses to determine recombination events which are the major driving force in
emergence of new adenovirus serotypes (Robinson et al., 2013). Furthermore, the present
study utilized human adenoviruses obtained from a single site in western Kenya whose
findings were used as generalizations to represent the whole country and therefore future
studies should include viruses drawn from the whole country to give a more

comprehensive description of the HAdVs circulating in Kenya.
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Immunofluorescence detection of adenovirus infected Hep-2 cells under UV light
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