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ABSTRACT

Hepatitis C virus (HCV) is a global problem and the genetic diversity in non-Western countries particularly in Egypt,
where the highest prevalence of HCV is very important because of showing distribution of different HCV genotypes . This study
aimed to report phylogenetic analysis of hepatitis C virus isolates based on the 5° untranslated region (5'UTR) in Egyptian
populations using 51 samples with high and moderate viral load , selected from different regions in Egypt. Samples were
identified based on RT-PCR amplification of the 5° UTR. The data were confirmed by sequencing and phylogenetic analysis
using Multiple Sequence Alignment to describe the similarities of different isolates of HCV. The results appeared a high level of
genetic diversity of genotype 4 with 90.2% that was commonly found with its subtypes ranged 4a (74.5%) ,41 (5.9%) ,4v
(5.9%) and 4n (3.9%) while genotype 1 recorded 9.8% with its subtypes ranged la (3.9%) ,1b (2.0%) and 1g (3.9%). Using
Multiple Sequence Alignment of HCV isolates indicated high percent of similarities between different genotypes of isolates. The
results obtained in this study provide a strong evidence for high percent of similarities between different genotypes of isolates

obtained from different Egyptian regions.

INTRODUCTION

Hepatitis C virus (HCV) is considered a widely
common infectious disease all over the world, as it
affects about 170 -210 million people (Stevenson and
Utay, 2016).The lowest ranges of prevalence (0.01—
0.1%) are found in Netherlands and the highest (14.7%)
in Egypt (Gower et al., 2014).

HCV is developed to chronic after infection
period with more than six months, there is a very low
rate of spontaneous clearance (Zeuzem et al, 2009).
The manifestations of chronic HCV range from an
asymptomatic state to cirrhosis, and hepatocellular
carcinoma (Westbrook and Dusheiko, 2014). HCV
infection is usually slowly progressive (Chen and
Morgan, 2006 and Hirofumi et al., 2012). Thus, it may
not result in clinically apparent liver disease in many
patients if the infection is acquired later in life.
Approximately 20 - 30% of chronically infected
individuals develop cirrhosis over a 20 - 30 years period
of time (Yang et al., 2017).

HCV is an enveloped icosahedral viron of 55-65
nm size and it is closely related genetically to both the
pestiviruses and flaviviruses (Pfaender et al, 2014).
HCV is the only known member of genus Hepacivirus
in family Flaviviridae, that affects man as its primary
host ( Simmonds et al., 2005 and Blackard et al., 2012 ).
It is has a positive sense, single-stranded RNA (+
sSRNA) genome and HCV genome is 9.6 kb and
encodes a unique large polyprotein, that is processed by
cellular and viral encoded proteases to give at least 10
mature structural and nonstructural proteins (NSP)
(Catanese and Dorner, 2015) .

HCV can be classified by RNA sequence
analysis into up to seven genotypes and more than 100
subtypes (Lamoury et al., 2015). Genotypes differ from
each other by 25-35% at the nucleotide level , but
subtypes differ from each other by 15-25% (Smith et
al., 2014).

The 5° untranslated region (UTR) has 341
nucleotides long and contains four domains that are
highly structured numbered I to IV( Kamal and Nasser
2008). The 5’UTR is highly conserved and is used for
diagnostic testing, whereas sequences encoding the viral
envelope may have 60% identity between isolates
collected worldwide ( Ray et al., 2000 and Kumthip and
Maneekarn, 2015) on the basis of the phylogenetic
relations of sequences from the core/E1 and NS5B
genomic regions, there are 7 distinct HCV genotypes

have been described, and each contains multiple
subtypes (e.g., HCV la, 1b) (Lamoury et al., 2015). The
performance of diagnostic assays all may differentiated
according to genotype (Costafreda et al., 2006).

S'UTR heterogeneity correlates with interferon
and ribavirin treatment outcome as its stability
correlated with non-response, whereas changes in this
region were associated with Sustained virologic
response (SVR) (Bukowska-Osko et al., 2015) .

There is a distinct geographical distribution of
HCV genotypes; Genotype 1 is the most common one in
the USA and Europe; and genotypes 2 and 3 have the
lowest prevalence in these regions and genotypes 4, 5,
and 6 are rare (Ruane et al., 2015). Genotype 3 is the
most common in India, Far East and Australia and
genotype 4 is the most common in Africa and the
Middle East.(Mousavi et al., 2013) Genotype 5 is the
most common in southern Africa, and genotype 6 is the
most common in Hong Kong, Vietnam and Australia
(Messina et al,, 2015). The novel genotype 7 was
identified in patients from Canada and Belgium,
possibly infected in Central Africa (Chen ef al., 2016) .
This study was conducted to investigate phylogenetic
analysis of HCV isolates based on 5'UTR region in
some Egyptian populations.

MATERIALS AND METHODS

Patients and samples

Fifty one samples were collected from different
Egyptian patients inhabit various regions i.e. (Cairo,
Mansoura and Asiut).

In vacutainer blood collection tubes each 3 ml
blood samples were withdrawn from each patient by
vein puncture then allowed to clot for 15 minutes and
centrifuged at 7000 rpm for 10 minutes for serum
separation, then the sera were stored in 2 ml micro tubes
at -80°C (Jean et al , 2003).

HCYV antibodies and RNA detection

HCV serostatus of each participant was
determined by testing for anti-HCV antibodies (anti
HCV Ab) using a commercial Enzyme-Linked
Immunosorbent Assay (ELISA) test using Murex anti-
HCV version 4.0 Kit (Murex Biotech S.A. Kyalami,
South Africa) (Conroy-Cantilena, 1997) and then
determine: Quantitative estimation of viral load, HCV
RNA in sera were detected by real time PCR (RT-PCR)
based assay for quantification of HCV RNA using ABI
7500 real time PCR (Applied Biosystems, Foster
City,CA, USA) (El-Bendary et al , 2016).
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RNA preparation and PCR amplification

Viral RNA was extracted and purified from serum
using Qiagen RNA extraction kit (Qiamp® RNA Minikit,
Qiagen, Germany) , according to manufacturer’s instructions
(El-Bendary et al , 2014). The extracted viral RNA was then
converted to cDNA and amplified using Quant One Step RT-
PCR Kit (TIANGEN Biotech (China) according to
manufacturer’s instructions using specific primer (A) for S'UTR
with forward 5-GAAAGCGTCTAGCCATGGCGTTAGT-3'
and reverse 5-CTCGCAAGCACCCTATCAGG-3' (Abdel-
Moneim et al , 2012). Then set up thermal cycler conditions as
following: reverse transcription at 50 °C for 30 min ,then initial
denaturation at 94 °C for 2 min followed by 45 cycles as
denaturation at 94 °C for 45 sec and annealing at 55 °C for 30
sec, then extension at 65 °C for 45 sec for each cycle with a
final extension at 65 °C for 10 min then analyze the PCR
products using 2% agarose gel electrophoresis( Jean et al ,
2003).
c¢DNA purification from gel

cDNA was purified from gel using MEGA
quick-spin™Total fragment DNA purification Kkit,
Intron (iNtRON Biotechnology, Korea) according to
manufacturer’s instructions (El-Bendary et al , 2016).
5" UTR sequencing of cDNA

Each isolate of HCV was sequenced using the
BigDye Terminator Cycle Sequencing Ready Reaction
kit (Applied Biosystems) .The data collection was done
on an automated ABI PRISM 310 genetic analyser
(Applied Biosystems), then nucleotide sequences of
each isolate were used for phylogenetic analysis
(Ohtsuru et al., 2013) .
Sequencing data analysis

Computational blast data analysis for nucleotide
sequences of each isolate were assigned online by
alignment using (http://www.blast.ncbi.nlm.nih.gov)
and detecting different genotypes (Omran et al., 2009).
Phylogenetic analysis

Sequences applied for specific primer of 5° UTR
and obtained sequencing strains from different regions
in Egypt that aligned using MAFFT (Multiple
Alignment using Fast Fourier Transform). Multiple

Sequencing Alignment through Jalview program
version 2.10.2b1 (Vieira et al., 2011).

RESULTS AND DISCUSSION

Detection of HCV using ELISA kit Murex anti-
HCYV version 4.0, with Cut-off Value 0.690 and positive
results are more than 0.8 and obtained 51 patients of
positive HCV (Table 1).
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Table 1. ELISA results for positive 51 samples of

HCV.
. ELISA .
Virus Virus ELISA

No. sample \(’Sl]l)l)e Result No. sample Value Result
1 Mal 2.7 +ve 27 Asl4 3.1 +ve
2 Ma2 0.89 +ve 28 Asl5 3.6 +ve
3 Ma3 1.2 +ve 29 Asl6 2.8 +ve
4 Ma4 0.96 +ve 30 As40 1.6 +ve
5 Ma5 2.9 +ve 31 As44 2.5 +ve
6 Ma6 3.1 +ve 32  Asd5 0.90 +ve
7 Ma7 2.4 +ve 33 As46 1.7 +ve
8 Ma8 2.2 +ve 34 As47 2.4 +ve
9 Ma9 2.7 +ve 35 As54 32 +ve
10 Mal0 0.99 +ve 36 Cal7 2.8 +ve
11 Ma25 0.87 +ve 37 Cal8 33 +ve
12 Ma26 2.6 +ve 38 Cal9 1.8 +ve
13 Ma28 1.7 +ve 39 Ca20 2.9 +ve
14 Ma3l 0.94 +ve 40 Ca2l 1.3 +ve
15 Ma32 3.9 +ve 41 Ca22 4.1 +ve
16 Ma33 1.4 +ve 42 Ca23 0.97 +ve
17  Ma35s 2.8 +ve 43 Ca24 1.6 +ve
18 Ma36 33 +ve 44 Ca34 2.3 +ve
19  Ma37 3.6 +ve 45 Ca4l 1.9 +ve
20 Ma38 1.7 +ve 46 Ca42 2.6 +ve
21  Ma39 2.9 +ve 47 C43 4.4 +ve
22 Ma48 3.8 +ve 48 CaS0 0.88  +ve
23 Ma49 4.2 +ve 49 CaSl 1.1 +ve
24 Asll 0.91 +ve 50 Ca5S2 2.6 +ve
25 Asl2 1.8 +ve 51 CaS53 2.2 +ve
26  Asl3 2.6 +ve

Note: OD. = Optical Density.

Determination quantitative estimation of viral load:
HCV RNA in serum was detected by RT-PCR-based
assay for quantification of HCV RNA (ABI 7500 real
time PCR) and the samples detected between 100,000
IU/ml — 1000,000 TU/ml with moderate and high titers
to obtain 51 samples then the extracted RNA amplified
through PCR amplification and obtaining cDNA that
identified on agarose gel (2%) giving sharp bands of
specific primer (A) of 5° UTR and checked in each lane
with product at 241 bp (Figure 1) .

Hepatitis C is a world wide health problem
(Mohamed et al., 2015 ) and on the basis of the
phylogenetic relations of sequences from 5° UTR, there
are 7 distinct HCV genotypes have been described, and
each contains multiple subtypes (e.g., HCV 1la, 1b) and
treatment recommendation was based on the HCV
genotype (Lamoury et al., 2015).

Different genotypes were found in this study

with 56.9% males ,43.1% females of a total 51 samples

, as genotype 4 w1th its subtype 4a which is the most
common subtype in Egypt and other subtypes that are
less common such as 4n,4l,,4v and genotype 1 the less
prevalent in Egypt and its subtypes as la,1b and 1g
(Table 2)

241 bp

Agarcose gl (29¢) stained with ethidium bromide
amplification of HOW § for 57 UTR from
positive samples using specific primer & (B =
weight marker (ladder with 50 bp) ;

DA molecular
Lanes 1-7F PCR product
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Table 2. Genotyping distribution of HCV based on the SSUTR in some Egyptian patients from different

regions in Egypt.

Virus sample Age Sex Genotype Location/Governorate
Mal 48 M 4a Mansoura/ El-Dakahlya
Ma2 41 F 4a Mansoura/ El-Dakahlya
Ma3 47 M 41 Mansoura/ El-Dakahlya
Ma4 18 F 41 Mansoura/ El-Dakahlya
Mas 51 M 4a Mansoura/ El-Dakahlya
Ma6 44 F 4a Mansoura/ El-Dakahlya
Ma7 54 M 4n Mansoura/ El-Dakahlya
Ma8 32 F 4n Mansoura/ El-Dakahlya
Ma9 51 F 4a Mansoura/ El-Dakahlya
Mal0 28 M 4a Mansoura/ El-Dakahlya
Ma25 38 F 1b Mansoura/ El-Dakahlya
Ma26 43 M 1g Mansoura/ El-Dakahlya
Ma28 51 M 4a Mansoura/ El-Dakahlya
Ma3l 36 F 4a Mansoura/ El-Dakahlya
Ma32 39 F 4a Mansoura/ El-Dakahlya
Ma33 44 M 4a Mansoura/ El-Dakahlya
Ma35 18 M 4a Mansoura/ El-Dakahlya
Ma36 22 M 41 Mansoura/ El-Dakahlya
Ma37 23 M 4a Mansoura/ El-Dakahlya
Ma38 21 F 4a Mansoura/ El-Dakahlya
Ma39 28 F 4a Mansoura/ El-Dakahlya
Ma48 38 F 4a Mansoura/ El-Dakahlya
Ma49 49 M 4a Mansoura/ El-Dakahlya
Asll 39 F 4a Asiut/Asiut
Asl2 43 M 4a Asiut/Asiut
Asl3 47 M 4a Asiut/Asiut
Asl4 41 F 4a Asiut/Asiut
AslS 50 M 4a Asiut/Asiut
Asl6 44 F 4a Asiut/Asiut
As40 18 M 4a Asiut/Asiut
As44 22 M 4a Asiut/Asiut
As45 29 F 4a Asiut/Asiut
As46 49 M 4a Asiut/Asiut
As47 19 M 4a Asiut/Asiut
As54 46 F 4a Asiut/Asiut
Cal7 45 M 4v Cairo/Cairo
Cal8 38 F 4v Cairo/Cairo
Cal9 49 F 4a Cairo/Cairo
Ca20 46 M 4a Cairo/Cairo
Ca2l 49 M 4a Cairo/Cairo
Ca22 41 F 4a Cairo/Cairo
Ca23 54 M 1g Cairo/Cairo
Ca24 48 M la Cairo/Cairo
Ca34 44 M la Cairo/Cairo
Ca4l 23 M 4a Cairo/Cairo
Ca4?2 29 F 4a Cairo/Cairo
C43 49 M 4a Cairo/Cairo
Ca50 51 M 4v Cairo/Cairo
Ca51 21 F 4a Cairo/Cairo
Ca52 22 M 4a Cairo/Cairo
Cas3 19 F 4a Cairo/Cairo

Note: Ma= Mansoura, As= Asiut, Ca= Cairo, F= Female, M= Male

The sequence analysis of 5° UTR indicated that
the samples belonged to HCV and different genotypes
were detected as genotype 4 with its subtype 4a which
is the most common subtype in Egypt as reported by
DeWolfe Millera and Abu-Raddad (2010). Other
subtypes that are less common such as 4n4l,4v and
genoty[t))e 1 the less prevalent in Egypt and its subtypes
as la,Ib and 1g. Genotype 1 with 9.8% and percent of
females (4.5%; in genotype 1 is lower than that found in
males (13.8% ). These data differs with the study of Niu
et al. (2016), who found that females were higher in
genotype | than males, and genotype 4 with 90.2% and
percent of females (95.5%) in genotype 4 is higher than
that found in males (86.2%). These observations were
previously reported in many studies (Chamberlain et
al, 1997 and Khattab et «l.,2011). Also detection
subt)})es for genotype 4, 4a with 74.5%, 41, 4v, with
11.8% (5.9% for each) and 4n with 3.9% (Abdel-
Ghaffar et al. , 2015) and subtypes for genotype 1 are
lg & la ( with 3.9% for each ) & %b with 2.0 %
(Andriulli et al. ,2015) (Table 3).

23

Table 3. Genotypes and subtypes percentages found
in Egyptian populations.

Genotype/subtype % % of Male % of Female
Genotype 4 90.2 86.2 95.5
Subtype 4a 74.5 68.9 81.9
Subtype 41 5.9 6.9 4.5
Subtype 4v 5.9 6.9 4.5
Subtype 4n 3.9 3.5 4.6
Genotype 1 9.8 13.8 4.5
Subtypelg 39 6.9 0
Subtype la 3.9 6.9 0
Subtype 1b 2. 0 4.5

Different isolates of Egyptian populations are aligned
using MAFFT. It is a high speed multiple sequence
alignment program and alignment format is FASTA. On the
other hand, it illustrated the % of identity is not small
between different regions in Egypt that have similarities of
their sequences in different positions of each HCV isolate
(Lole et al.,2003) (Figure 2).
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Ma/235 «vvveenn s CACTAG CAT- - COTTAGTATGAGTGTTOTACAGCCTCC. AGGACCCCOCCTCC066GAGAGCCATAGTGOTCTGC66- AACCGGTOAGTACACCOGAATCOCCO6GATOACCOOGTCCTTTCTTGEATT- AACCOGCTCAATOCCCOGARATTTG66COTGCCOCCOCOAGACTOCTAGCCOAGTAGTOTTGOGTCOC6ARAGGLC v e v v e e s TTGTGGTACTOCCTGATAGGGT - GCTTGOOAGTA.
Ma28e235 «vvveenvne e CACTAG CAT-C.COTTAGTATGAGTGTTOTACAGCCTCC. AGGACCCCCCCTCCOOGGAGAGCCATAGTGOTCTGC66- AACCOGTOAGTACACCOGAATCOCCO6ATOACCOGGTCCTTTCTTGOATT- AACCCGCTCAATGCCCGGAAATTTG6GCOTGCCCCCOCGAGACTOCTAGCCOAGTAGTOTTGOGTCOC6ARAGGLC v e v v ve e v TTGTGGTACTOCCTGATAGGGT - GCTTGLOAGTA.
Mod127 +vvvveee o COACTAG: CATOC. COTTAGTATGAGTGTTGTOCAGCCTCC AGGACCCCCCCTCCCO66AGAGCCATAGTGGTCTOCGG  AACCOGTGAGTACACCOGAATCOCCOGGATOACCOGGTCETTTCTTOOATC  AACCCGCTCAATGCCCOGAAATTTOGGC6TOCCCCCOCOAGACTOCTAGCCOAGTAGTOTTOGGTCOCOARRGOLE  + v v e e v v v e TTGTOOTACTGCCTOATAGOOT - GETTOCGAGTA.
Wad/t237 vvveee o CCACTAG CATGO- COTTAGTATGAGTGTTOTGCAGCCTCC  AGGACCCOOCCTCO0600AGAGCCATAGTGOTCTGC66- AACCGOTOAGTACACCOGAATCOCC666ATOACCOGOTCCTTTCTTG6ATC AACCOGCTCAATOCCCOGAAATTTO66COTGCC0CCOCEAGACTOCTAGCCOAGTAGTOTTGGGTCOC6AAAGGLC v e v e e s TTGTGGTACTOCCTGATAGGGT GCTTOOOAGTA.
MaB/283 v v e GUAGCTAG CATGC- COTTAGTATGAGTGTTOTACAGCCTCC. AGGACCCCCCCTCC066GAGAGLCATAGTGOTCTGC66- AACCGGTOAGTACACCOGAATCOCCG66ATOACCOGGTCOTTTCTTGOATT. AACCOGCTCAATGCCCOGARATTTO66CGTGCC00COCEAGACTOCTAGCCOAGTAGTOTTGEGTCOCGARAGGCCGTCAGAAATTTTCTGATGTOGTACTOCCTGATAGGGT GETTO06AGTA.
Mae/e283 v vv e GUAGCTAG CATGC- COTTAGTATGAGTGTTOTACAGCCTCC. AGGACCCCOCCTCCO66GAGAGCCATAGTGOTCTGC66- AACCOGTOAGTACACCOGAATCOCCG6ATOACCOGTCCTTTCTTGOATT- AACCOGCTCAATGCCCGGARATTTG6GCOTGCCOCCOCGAGACTOCTAGCCOAGTAGTOTTGGGTCOC6AAAGGCCGTCAGAAATTTTCTGATGTGGTACTOCCTGATAGGGT - GCTTGLOAGTA.
MaT/237 +vvvvee s GOGCTAG: CATOG- COTTAGTATGAGTGTCOTACAGCCTCC  AGGACCCCCCOTCCCO66AGAGCCATAGTGGTCTOCGG  AACCOGTGAGTACACCOOAATCOCCOGGATOACCOGGTCETTTCTTOOATT. AACCCGCTCAATGCCCOGAAATTTOGGC6TOCCCCCOCAAGACTOCTAGCCOAGTAGTOTTOGGTCOCOARRGOLE  + v ve e v v v e TTGTOOTACTGCCTOATAGOOT - GCTTOCGAGTA.
Ma§/1207 v GOGOTAG- CATGG- COTTAGTATGAGTGTCOTACAGLCTOC - AGGACCCCCCCTCOCOGGAGAGCCATAGTOOTCTOCG6- AACCOGTOAGTACACCGGAATCOCCOGGATOACCOGOTCETTTCTTOOATT AACCCOCTCAATGCCCOOAAATTTOOGCOTGCCCCCGCAAGACTGCTAGCCGAGTAGTGTTGOGTCOC6ARAGGCC. - v TTGTGGTACTGCCTGATAGGGT - GCTTGOOAGTA-
o240 -« v oo+ GOGAACCAGG - CATOG- COTTAGTATGAGTGTTOTACAGOCTCC- AGGACCCCCCOTCOCO6GAGAGCCATAGTOOTCTOC66- AACCOOTGAGTACACCOGAATCOCCOGGATGACCOOOTCOTTTCTTGOATT - AACCCGOTCAATGCCCGGAAATTTGOGCGTOCCCCGCOAGACTGCTAGCCGAGTAGTOTTOG6TCO00AAAGOLE - v v v v v TTGTOGTACTGCCTGATAGOGT-GCTTGCOAGTA-
W 0/1240 v v+ GOGAACCAGG - CATGG- COTTAGTATGAGTGTTOTACAGCCTCC. AGGACCCCCCCTCC066GAGAGCCATAGTGOTCTGC66- AACCOGTOAGTACACCOGAATCOCCO6GATOACCOOGTCCTTTCTTGOATT. AACCOGCTCAATGCCCOGARATTTO66COTGCC00COCEAGACTOCTAGCCOAGTAGTOTTGEGTCOC6ARAGGLC  « v v v v e e s TTGTOGTACTOCCTGATAGGGT GLTTOLGAGTA.
ASIB/1208 v v TOAGCTAG CATCA- COTTAGTATGAGTGTTOTGCAGCCTCC. AGGATCCCCCCTCCOGGGAGAGCCATAGTGOTCTGC66- AACCOGTOAGTACACCOGAATCOCCG6GATOACCOGGTCCTTTCTTGOATT- AACCCGCTCAATGCCCOGARATTTG6GCOTGCCCCCOCAAGACTOCTAGCCGAGTAGTOTTGOGTCOC6ARAGGLC v e vvve e TTGTGGTACTOCCTGATAGGGT - GCTTGLOAGTA.
ASIG/208 v v v TOAGCTAG CATCA- COTTAGTATGAGTGTTOTGCAGCCTCC. AGGATCCCCCCTCCCOGGAGAGCCATAGTGOTCTGC66- AACCOGTOAGTACACCOGAATCOCCO6OATOACCOOOTCCTTTCTTGOATT- AACCCOCTCAATOCCCGGAAATTTGGGCOTGCCCCCOCAAGACTOCTAGCCOAGTAGTOTTGOOTCOC6ARAGOLC v e vvvee s v TTOTGGTACTOCCTGATAGGGT - GCTTGCOAGTA.
AIYR29 v v e GOAGOCAG CATGC- COTTAGTATOAGTGTTOTACAGCCTCC . AGGACCCOOCCTCO000AGAGLCATAGTOOTCTGL66- AACCGOTOAGTACACCOGAATCOCC66GATOACCOOOTCOTTTCTTG6ATT - AACCOGCTCAATOCCCOGAAATTTG6GCOTGCO0CCOCAAGACTOOTAGCCOAGTAGTOTTGOGTCO06AAAGGLL v v v v e e v TTGTGGTACTOCCTGATAGGGT-GCTTGOAGTAA
Atd/1209 v v v GOAGOCAG CATGC- COTTAGTATGAGTGTTOTACAGCCTCC. AGGACCCOCCCTCO0O6GAGAGCCATAGTGOTCTG66- AACCGOTOAGTACACCOGAATCOCC66GATGACCOOOTCOTTTCTTGEATT - AACCCGCTCAATOCCCOGAAATTTG6GCOTGCO0CCOCAAGACTOOTAGCCGAGTAGTOTTGOGTCO06ARAGGLE v v v v e e e TTGTGGTACTOCCTGATAGGGT-GCTTGOAGTAA
ASH/208 v vveee o GOCOCTTO CATGC- COTTAGTATGAGTGTTOTACAGCCTCC. AGGACCCCCCCTCCOO6GAGAGCCATAGTGOTCTGC66- AACCOGTOAGTACACCOGAATCOCCG6ATOACCOGOTCCTTTCATGGATT- AACCOGCTCAATOCCCOGARATTTG6GCOTGCCOCCOCGAGACTOCTAGCCOAGTAGTOTTGOGTCOC6ARAGGLC v e v v v e e v TTGTGGTACTOCCTGATAGGGT - GCTTGLOAGTA.
ASIUR2R v vvee e GOCOCTTO CATGC- COTTAGTATGAGTGTTOTACAGCCTCC. AGGACCCCCCCTCCOO6GAGAGCCATAGTGOTCTGC66- AACCOGTOAGTACACCOGAATCOCCO6ATOACCOGOTCCTTTCATGGATT- AACCCGCTCAATGCCCGGARATTTG6GCOTGCCCCCOCGAGACTOCTAGCCOAGTAGTOTTGOGTCOC6ARAGGLE v v v vv v e e oo  TTGTGGTACTOCCTGATAGGGT - GCTTGCOAGTA.
G723 v GOCOOTAG- CATGG- COTTAGTATGAGTGTTGTACAGCCTCC- AGGACCCCCCCTOCCGGGAGAGCCATAGTOOTCTOC6G- AACCOGTOAGTACACCOGAATCOCCOGGATOACCOOOTCETTTCTTGOAAC AACCCOCTCAATOCCCOGAAATTTOOGCOTOCCCCCOCAAGACTOCTAGCCOAGTAGTGTTGGGTCOCOAAAGGLC. - v oo oo o TTGTGGTACTGCCTGATAGGGT - GOTTGCOAGTAA
Go1B/h209 oo v oo GUCOCTAG- CATOG- COTTAGTATGAGTGTTOTACAGOCTCC- AGGACCCCCCOTCOCOGGAGAGCCATAGTOOTCTOC66- AACCOGTGAGTACACCOOAATCOCCOGGATOACCOGOTCOTTTOTTGGAAC- AACCCGCTCAATGCOCOGAAATTTGGGCGTOCCCCCGCAAGACTGCTAGCCGAGTAGTOTTOGGTCOCOAARGOCC + v v v e v TTGTGOTACTGOCTGATAGOOT - GCTTGCGAGTAA
Ca2y1288 v vv v TOCGOTAG CATGA- - GTTAGTATGAGTGTCOTACAGCCTCC. AGGACCCOCCCTOC0O6GAGAGCCATAGTGOTCTGL66- AACCOOTOAGTACACCGGAATCOCCAGGACGACCOOOTCOTTTCTTGGATA- AACCCGCTCAATOCCTGGAAATTTG6GCOTGCO0CCGCAAGACTGCTAGCCGAGTAGTOTTGOGTCO06ARAGGLC v v v v v e e TTGTGGTACTOCCTGATAGGGT-GCTTGOAGTAA
G wveee e GARGCTTAGOCATGG- COTTAGTATGAGTGTCOTACAGCCTCCARGGACCCCCCCTCCOO6GAGAGCCATAGTGOTCTGC66- AACCOGTOAGTACACCOGAATCOCCAGGACGACCOOOTCCTTTCTTGGATA- AACCOGCTCAATGCCTGGARATTTG6GCOTGCCCCCOCAAGACCOCTAGCCOAGTAGTOTTGOGTCOC6ARAGOLC v e v v v e e TTGTGGTACTOCCTGATAGGGT - GCTTGLOAGTA.
Mo28/1:238 + + v v e oo TGOGCTAG: CATOA. -GTTAGTATGAGTGTCGTACAGCCTCC. AGGACCCCCCCTCCCOGGAGAGCCATAGTGGTCTOCGG - AACCOGTGAGTACACCOGAATCGCCAGGACGACCOGGTCETTTCTTGOATA. AACCCGCTCAATGCCTOOAAATTTOOGCGTOCCCCC6CAAGACTGCTAGCCOAGTAGTGTTOGGTCOCOARAGGLE + v vvv e v v - TTGTGOTACTGCOTOATAGGOT - GOTTGCGAGTAA
Ma2§/241 v v v GAAGCTTAGGCATGG- COTTAGTATOAGTGTCOTACAGCCTCCAAGGACCCOOCCTCO0600AGAGLCATAGTGOTCTGL66- AACCOGTOAGTACACCOGAATCOCCAGGACOACCOOOTCCTTTCTTG6ATA. AACCOGCTCAATOCCTGEAAATTTE66COTGCC00COCAAGACCOCTAGCCOAGTAGTOTTGOGTCOC6AAAGOLC v e v v e e s  TTGTGGTACTOCCTGATAGGGT GCTTOOOAGTA.
Gorgt288 v vv v GOGTTAG CATGG- COTTAGTATGAGTGTTOTACAGCCTCC - AGGACCCOOCCTCO0G0AGAGCCATAGTOOTCTGL66- AACCGOTOAGTACACCOGAATCOCC66ATOACCOGOTCOTTTCTTGEATT - AACCCGCTCAATOCCCOGAAATTTGOGCOTGC00CCOC6AGACTGOTAGCCGAGTAGTOTTGOGTCO06ARAGGLE v v vv e e o TTGTGGTACTOCCTGATAGGGT-GCTTGOAGTAA
G023 v vvee o GUAGCTAT. CATGG- COTTAGTATGAGTGTTOTACAGCCTCC. AGGACCCOCCCTCCOO6GAGAGCCATAGTGOTCTGC66- AACCOOTOAGTACACCGGAATCOCCO6GATGACCOOGTCOTTTCTTGATT- AACCCGCTCAATOCCCOGAAATTTGGGCOTGCO0CCO06AGACTGCTAGCCGAGTAGTOTTGOGTCG06AAAGGLC v v v vve e oo TTGTGGTACTOCCTGATAGGGT-GCTTGOAGTAA
G4 v v oo CAGOOTTTAATCCATGOGCOTTAGTATGAGTGTTOTGCAGCCTCC. AGGACCCCCCCTCCOO6GAGAGCCATAGTGOTCTGC66- AACCOGTOAGTACACCGGAATCOCCO6GATGACCOOOTCCTTTCTTGGATT - AACCCOCTCAATGCCCOGAAATTTGOGCOTGCCCCCOCAAGACTGCTAGCCGAGTAGTOTTGOOTCGC6ARAGGLL oo vvvve e v TTGTGGTACTOCCTGATAGGGT-GCTTGOAGTAA
U4 - CAGGGTTTAATCCATGGGCOTTAGTATGAGTGTTGTGCAGCCTOC  AGGACCOCCCCTCOC66GAGAGCCATAGTOOTCTOC6G- AACCOGTOAGTACACCOGAATCOCCOGGATOACCOOOTCETTTCTTGOATT AACCCOCTCAATOCCCOGAAATTTOOGCOTOCCCCCOCAAGACTOCTAGCCOAGTAGTGTTOGGTCOCOAAAGGLC. - v oo oo TTGTGGTACTGCCTGATAGGGT - GOTTGLOAGTAA
o241 v v veve e GUGOCARGOCATOG- COTTAGTATGAGTGTTOTACAGCCTCCAGGAACCOCCCOTCCCOGGAGAGCCATAGTOOTCTOC6CAACCGGTOAGTACACCOOAATCOCCOGGATOACCOGOTCOTTTCTTGGAAT - AACCCGCTCAATOCCCOGAAATTTO6COTOCCCCCG0AAGACTGCTAGCCOAGTAGTOTTOOGTCOCOARAGOCC  « v vve v e - TTGTGOTACTGCCTGATAGGOT  GCTTGCGAGTA.

Ma3i/298 - - - - TCCAARACGTCTA. - CCTGG- COTTAGTATGAGTGTTOTA- AACCTCC. - GOACCCCCCCTCCCOGGAA- - CCATATTGOTCTOC66- AACCGOTOA- TACACCGGAATCOCCOGGATOACCOGOTCOTTTCTTGOATT. AACCCGCTCAATOCCCOGAAATTTOO6COTOCCCCCGCAAGACTGCTAGCCOAGTAGTOTTOOGTCOCOARAGOLE  + v vvvvvnes
Ma3Y1-245 - - TACAAAAAGAGTCTAA- CCTOG - COTTAGTCTTAGTGTTOTACAGCCTCC- AGGACCCCCCCTCCCOGGAGA- CCATATTOOTCTOC66- AACCGGTOAGTACACCGOAATCOCCOGGATOACCOGOTCCTTTCTTGOATT . AACCCGCTCAATOCCCOGAAATTTOO6COTOCCCCCGCAAGACTGCTACCCOAGTAGTOTTOOGTCOCOARAGOLE  + v vvvvvves
Mod¥1-246 - - - CCAAARAGCOTCTAG- COTGG COTTAGTATGAGTOTTGTGCAGCCTCC. AGGACCCCCCCTCCCOOGAGAGCCATAGTGOTCTOCGG - AACCOGTOAGTACACCOGAATCOCCGOOATOACCOGGTCCTTTCTTOGATT  AACCCOCTCAATGCCCOGAAATTTOOGCOTGCCCCCOCGAGACTOCTAGCCOAGTAGTOTTGOOTCOCGARAGGL v vvvervens

~TTGTGGTACTOCCTOATAGGGT-GETTGCOAGTA.
~TTGTGGTACTOCCTOATAGGGT-GCTTGCARATA.
~TTGTGGTACTGCCTGATAGGGT-GCTTOCOAGTAG

Gadd/t-208 v v TGOGCTAG- CATOA- - GTTAGTATGAGTOTCOTACAGOCTCC- AGGACCOCCCCTCOCOGGAGAGCCATAGTOOTCTOC66- AACCOOTGAGTACACCOOAATCOCCAGGACGACCOGOTCOTTTOTTGOATA- AACCCGCTCAATGCOTOGAAATTTGGGCGTOCCOCCGCAAGACTGCTAGCCGAGTAGTOTTOGGTCOCOAARGOCL + v v vve v e - TTGTGOTACTGOCTGATAGOOT  GCTTGCGAGTAA
Ma38/e235 -« + v v vvv e CACTAG- CAT-C-COTTAGTATGAGTGTTOTACAGOCTCC- AGGACCCCCCCTCOCOGGAGAGCCATAGTOOTCTOC66- AACCOOTGAGTACACCOGAATCOCCOGGATGACCOOOTCOTTTCTTGOATT - AACCCGCTCAATGCCCGGAAATTTGOGCGTOCCOCC6COAGACTOCTAGCCGAGTAGTGTTOG6TCO00AARGOLE - v v vv v e TTGTOGTACTGCCTGATAGOGT-GCTTGCOAGTA-
Madg/4e237 v vvve e - COACTAG- CATOC- COTTAGTATGAGTGTTOTGCAGCCTCC- AGGACCCCCCOTCCCOGGAGAGCCATAGTOOTCTOC66- AACCOOTGAGTACACCOGAATCOCCOGGATOACCOGOTCOTTTCTTGOATC. AACCCGCTCAATOCCCOGAAATTTOG6COTOCCCCCG0OAGACTGCTAGCCOAGTAGTOTTOGGTCOCOARAGOEE  + v v vve v v e - TTGTGOTACTGCCTGATAGGOT  GCTTGCGAGTA.
Wod7/4e283 v vvve o «GCAGCTAG CATOC. COTTAGTATGAGTGTTOTACAGCCTCC- AGGACCCCCCCTCCCOGGAGAGCCATAGTOOTCTOC66- AACCOOTOAGTACACCGOAATCOCCOGGATOACCOGOTCOTTTCTTGGATT . AACCCGCTCAATOCCCOGAAATTTOG6COTOCCCCGCOAGACTGCTAGCCGAGTAGTOTTOGGTCOCOAAAGOCCOTCAGAAATTTTCTGATGTOOTACTGCCTGATAGGOT  GCTTGCGAGTA.
M2+ v vveve e GUGCTAG- CATGO COTTAGTATGAGTOTCGTACAGCCTCC. AGGACCCCECCTCCCOOGAGAGCCATAGTGOTCTGCGG - AACCOGTOAGTACACCOGAATCOCCGOATOACCOGGTCCTTTCTTOGATT  AACCCOCTCAATGCCCOOAAATTTOOGCOTGCCCCCOCAAGACTOCTAGCCOAGTAGTOTTGOOTCOCOARAGGL  «+ v v vvee v - TTGTGGTACTOCCTOATAGGGT - GLTTGCOAGTA.
Q30 -+« o+ -GOGAACCAGG- CATOG- COTTAGTATGAGTGTTOTACAGCCTCC- AGGACCOCCCOTCOCOGGAGAGCCATAGTOOTCTOC66- AACCOGTGAGTACACCOAATCOCCOGGATOACCOGOTCOTTTCTTGGATT  AACCCGCTCAATOCCCOGAAATTTOO6COTOCCC0CG00AGACTGCTAGCCOAGTAGTOTTOOGTCOCOARAGOCE  + v vve v e - TTGTGOTACTGCCTGATAGGOT  GCTTGCGAGTA-
Asd0/1238 -+ v o - TGAGCTAG- CATCA- COTTAGTATGAGTGTTOTGCAGCCTCC- AGGATCCCCCCTCOCOGGAGAGCCATAGTOOTCTOC66- AACCOOTGAGTACACCOGAATCOCCOGGATGACCOOOTCOTTTCTTGOATT - AACCCGCTCAATGCCCGOAAATTTGOGCGTOCCOCCGCAAGACTGCTAGCCGAGTAGTGTTOG6TCO0OAARGGLE - v v vv v TTGTOGTACTGCCTGATAGOGT-GCTTOCOAGTA.
Gdt/206 oo oo AACGTCTAGCCATOG - COTTAGTATGAGTGTTOTACAGCCTCC- AGGACCCCCCCTCCCOGGAGA- CCATA- TOOTCTOC66- AACCGGTOAGTACACCGGAATCOCCOGGATOACCOGOTCCTTTCTTGGATT  AACCCGCTCAATOCCCOGAAATTTOG6COTOCCCCCGCAAGACTGCTAGCCGAGTAGTOTTOOGTCOCOAAAGOLC  + v vvve v v e TTGTGOTACTGCCTGATAGGOT  GCOTGCGAG: - -

(44244 -+ COCARRAACGTCTAGCOATGG- COTTAGTATTAGTGTTG- AAAGCOTCC- AGGACOCCOCETCEC606AGA- COATA- TGGTCTGLG6- AACCGGTGAGTACACCGGAATCGE0666ATACCOO6TCOTTTOTTGOATT - ARCCOGCTCAATGOC06GAARTTTO06CGTOEC0CCCAAGACTGOTACOCGAGTATTGTTGO6TOOCOARAGGO+ vvvvevren
Ca4¥13 + - CACARAAGCOTCTAA- COTG6- COTTAGTATGAGTOTTGTACAGOCTCC - AGGACCOCCOCTCO0066AGA- COATA- TOOTCTOLGG- AACCGOTGAGTACACCGGAATCOCCG66ATGACCOG6TCCTTTCTTOOATT- AACCCGOTCAATOOCCOGARATTTOO6C6TGCE0CC6C6AGACTOLTAGCOGAGTAGTOTTOO6TCO06ARAGOEC - vvvveere.
ASH/AI60 - - CCAAARAACGTCTAACCATGG- COTTAGTOTGAGTGTTGTACAGCCTCC- AGGACCCCOCCTCECO0GAOA. COATAGTGOTCTGL66- AACCGOTGAGTACACCGGAATCOCC066ATOACCOOGTCOTTTOTTGOATT - AACCCOCTCAATGECCOGAARTTTOO6COTOEC0CCCOAGACTOLTAGCCGAGTAGTGTTG6TCOC6AAAGGCCGTCAGARATTTTCTGATGTOGTACTOECTGATAGGG - 6LTTOCOAGTA
AodB/1243 - CCARARAACGTCTAG - CCTG6- COTTAGTATGAGTOTTGTACAGCCTCC- AGGACOCCOCCTCECO0GA0A. COATA- TGGTCTGL66- AACCGGTGAGTACACCGOAATCGECO66ATOACCOO6TCOTTTOTTOATT - AACCCOCTCAATGECC66AARTTTOO6COTOEC0CCCOAGACTOOTACOCGAGTACTGTTGO0TOOCOARAGGEE  +  vvverreen
AOA/12 e
AATIER v
NadB/1251 TCTTTTGO6AGO6TTATCCCATGGCOTTTAGTATGAGTGTTGTOCAGCCTCC - AGGACCCCOCETCECO0GAGAGLCATAGTGOTCTL66- AACCGGTGAGTACACCGOAATCOECO66ATACCOOGTCOTTTOTTGOATT - AACCCOCTCAATGECCOGAARTTTOO6COTOEC0CCCAAGACTOCTAGCCGAGTAGTGTTGOOTCOCOARABOLE  + v vvvrvveen
Modd/t251 TOTTTTGO6AGGOTTATOCCATGOCGTTTAGTATGAGTGTTGTGCAGCCTEC - AGGACCCECOETOC0666AGAGOCATAGTOGTCTOC6G - AACCGOTGAGTACACCOGAATCGOCGOGATGALCOGGTCOTTTCTTGOATT AACCLGETOARTOOCCGAAATTTGOGC6TOCOCCC60AAGACTOOTAGECOAGTAGTGTTOO6TOGCGARAGGLD v vvevervens
<+ GOOCCTAG- CATGG-COTTAGTATGAGTGTTGTACAGCCTCC- AGGACCCCOCCTCEOO0GAGAGECATAGTGOTCTOL66 AACCOGTGAGTACACCGOAATCGEC066ATOACCOOGTCOTTTOTTOOAAC- ARCCOOCTCAATGOC06GAARTTTOO6COTOEC0CCOCAAGACTGCTAGCCGAGTAGTGTTGO0TOOCOARAGOEE + vveerrenn
<+ GUAGCTAT-CATGG-COTTAGTATGAGTGTTGTACAGCOTCC - AGGACCCCOCCTCEOO0GAGAGECATAGTGOTCTGL66 AACCGGTGAGTACACCOGAATCGE0066ATOACCOOGTCOTTTOTTGATT - ARCCOGCTCAATGOC06GAARTTTOO6CGTGEC0CC6COAGACTGOTAGCCGAGTAGTGTTGO0TOOCOARAGGEE+  vveerren
CAGGOTTTAATCCATG6G06TTAGTATGAGTOTTGTOCAGOCTCE - AGGACCOCECETCOCO66AGAGECATAGTOOTCTOCGG . AACCOGTGAGTACACCGGAATCOCCO66ATGACCOG6TCCTTTOTTGOATT. AACCCOCTCAATOCCOGARATTTOO6C6TGCE0CC6CAAGACTOOTAGCOGAGTAGTOTTOO6TCO06ARAGOE v vvvevren.

CASVA209 -+ v
Cabt/299 e
GO
Y1 -

+GAGCTAG - CATGG- COTTAGTATGAGTGTTOTACAGCCTCC- AGGACCCCCOCTCOCOGOAGAGCCATAGTOGTCTGC66 AACCOOTGAGTACACCOGAATCGCCOGATGACCGOOTCCTTTCTTGOATTARACCCGCTCAATGCCCGGAAATTTGOGCGTOCCCCCOCOAGACTOCTAGCCGAGTAGTGTTOO6TCGCOAAAGGLE » v vvvevvee
+GAGCTAG - CATGG- COTTAGTATGAGTGTTOTACAGCCTCC- AGOACCCCCOCTCOCOGOAGAGCCATAGTOGTCTGC66 AACCGOTGAGTACACCOOAATCGCCOGGATGACCGOOTCCTTTCTTGOATTARACCCGCTCAATGCCCGGAAATTTGOGCGTOCCCCCECOAGACTGCTAGCCGAGTAGTGTTO66TC6COAAAGGLE v vvrve v,

<GO6TTAG CATOG- COTTAGTATGAGTGTTOTACAGCOTOC- AGGACOLOLOLTEOCGOGAGAGLCATAGTOOTCTGL6G - AACOOGTGAGTACALCOGAATOO0C6G6ATGACCOOGTCOTTTETTGOATT - AACCCGCTCARTGECCGGAAATTTO6606TGOC0C0606AGACTOCTAGCCGAGTAGTOTTOO6TCO0OAAAGGOE v vvevernes

<TTGTGGTACTGCCTOATAGGOT - GOTTGCARAATA
<TTGTGGTACTGCCTOATAGGOT-GCTTGCOAGTA.

<TTGTGGTACTOCCTOATAGGGCOGCTTOCOAGT. -
~TTGTGGTACTOCCTOATAGGGT-GCTTGCOAGTA.
~TTGTGGTACTOCCTOATAGGGT-GCTTGCOAGTA.
<TTGTGGTACTOCCTOATAGGGT-GOTTOC0AGTAA
~TTGTGGTACTOCCTGATAGGGT-GCTTOCOAGTAA
<TTGTGGTACTOCCTOATAGGGT-GCTTOCOAGTAA
~TTGTGGTACTGCCTGATAGGGT-GLTTOCOAGTAA
~TTGTGGTACTOCCTOATAGGGT-GOTTOC0AGTAA
~TTGTGGTACTOCCTGATAGGGT-GOTTOCOAGTAA

ASBY1-260 - - - CCAAAARACGTCTAACCATGOG - COTTAGTCTGAGTGTTOTACAGCCTCC- AGGACCCCCCOTCCCOGGAGA- CCATAGTOOTCTOC66- AACCGGTGAGTACACCOOAATCOCCOGGATOACCOGOTCOTTTCTTGOATT  AACCCGCTCAATOCCCOGAAATTTOG6COTOCCCCCG0OAGACTGCTAGCCGAGTAGTOTTOGGTCOCOAAAGGCCOTCAGAAATTTTCTGATGTOOTACTGCCTGATAGGGG  GCTTGCGAGTA.

Consensus

TCTCCAAARAGGCGCTAGCCATGOGCGTTAGTATGAGTGTTGTACAGCCTCCAAGGACCCCCOCTCOCO6GAGAGCCATAGTOGTCTGCOGCAACCOGTGAGTACACCOGAATCGCCOGOATGACCOOOTCETTTCTTOOATTAAACCCGCTCAATGCCC6AAATTTGOGC6TOCCCCCOCAAGACTOCTAGCCOAGTAGTGTTGGGTC6COAAAGGCCOTCAGAAATTTTCTOTTGTOGTACTGCCTGATAGGGTOGCTTOCOAGTAA
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The phylogeny between different regions in
Egypt illustrated in Figure 3. Genotype 4 isolates
display great genetic diversity in 51 HCV isolated from
Egypt with the most common genotype 4a. This
phylogenetic tree was drawn according to percentage of
identity between nodes and related branches, each
branch of the phylogenetic tree is assembled with its
adjacent nodes, nodes represent the similar sequences as
found Ma48, Ma49 that are very similar sequences have
length 2.27 and Ma32 & Ca42 that considered two
adjacent nodes. On the other hand, there is high
similarities between them and have branch length 2.22

sequences & Ca24,Ma26 with the same length 1.30,
although it belongs to different regions reaching to Mal
has two pairs with Ma2,Ma35 and has other branch with
Ma3,Ma4,Ma36 with the same length 0.37.

In conclusion, each branch have two adjacent
nodes (similar sequences) either these sequences found
in the same region of Egypt or different regions, there is
a relation between all of them according to % of identity
between sequences and length of branches. Different
genotypes of HCV have % of identity is not small
between different regions in Egypt and have similarities
of sequences in different positions.

then this has 2 clusters Ca23,Ma25,Ca34 similar

044

b
bs2

Figure 3. Phylogenetic tree based on the nucleotide sequences of HCV §° UTR Showing

4 ww

the genetic

relationship between all the 51 positive isolates.
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