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We analyzed hepatitis C virus (HCV) genotype 4 isolates circulating in the Alexandria District (Egypt) in
terms of genetic divergence and the presence of different subtypes. Hypervariable region 1 (HVR1) and the NH2
region of the E2 protein were characterized, and the heterogeneity of subtype 4a isolates was evaluated by
analyzing epitope frequencies, immunoproteasome prediction, and possible glycosylation patterns. The hetero-
geneity of the nucleotide sequences was greater than that found in previous studies, which reported only sub-
type 4a. Subtype 4a was most common (78% of cases), yet four new subtypes were found, with subtype 4m
representing 11% of the cases and the other three subtypes representing another 11%. Substantial heteroge-
neity was also found when the intrasubtype 4a sequences were analyzed. Differences in the probability of gly-
cosylation and in the positions of the different sites were also observed. The analysis of the predicted cytotoxic-
T-lymphocyte epitopes showed differences in both the potential proteosome cleavage and the prediction score.
The Egyptian isolates in our study also showed high variability in terms of the HVR1 neutralization epitope.
Five of these isolates showed amino acid substitutions never previously observed (a total of six positions). Four
of these residues (in four different isolates) were in positions involved in anchoring to the E2 glycoprotein core
and in maintaining the HVR1 conformation. The results of this study indicate that HCV genotype 4 in Egypt
is extremely variable, not only in terms of sequence, but also in terms of functional and immunological
determinants. These data should be taken into account in planning the development of vaccine trials in Egypt.

Hepatitis C virus (HCV) is the major etiological agent of
chronic hepatitis and liver disease worldwide, and it is a major
cause of morbidity and mortality. In 80% of cases, infection
with HCV results in chronic hepatitis, possibly leading to cir-
rhosis and hepatocellular carcinoma (11, 28).

HCV is characterized by a high degree of nucleotide se-
quence variability. Overall, the heterogeneity of the viral ge-
nome ranges from 30 to 35% between different genotypes,
although it varies with the specific region of the genome, and
it has been used to define three types of regions: highly con-
served regions (e.g., the 5� untranslated region), variable re-
gions (e.g., envelope 1 [E1] and nonstructural 5b [NS5b]), and
hypervariable regions (HVR) (e.g., HVR1 and HVR2 in E2)
(48). Furthermore, because of errors of the RNA-dependent
RNA polymerase, HCV has a high rate of mutation during rep-
lication, and it exists in the bloodstreams of infected persons as
complex distributions of mutants known as viral quasispecies,
which fluctuate during the course of the disease, mainly as a
result of immune pressure (47, 51, 54). These coexisting mu-
tant genomes always have a consensus, or master, sequence. In
general, despite the potentially high mutation rate and vari-
ability of RNA viruses, changes in the consensus sequence of a
viral population occur only if the population equilibrium is

altered by a selection mechanism (16), which is generally pro-
duced by the host immune response and its influence on the
distributions of the different viral variants. Variants may be
related to differences in transmissibility, immunogenicity, or
pathogenicity (12, 13, 24, 34, 35), which can be important in
developing prophylactic and therapeutic vaccines.

HCV is one of the most suitable virus models for studying
genomic variability. The classification into six major genotypes
has been accepted (45), and there is further intrasubtype and
intrasubject heterogeneity (31). The development of an effec-
tive HCV vaccine to protect humans from HCV infection and
chronic liver disease is a public health priority, yet differences
in antigenic epitopes in genotypes, subtypes, and quasispecies
could make cross-protection unlikely.

The E2 glycoprotein of the HCV envelope, one of the pos-
sible targets for the development of an effective vaccine, en-
codes as many as 11 N-linked glycosylation sites, many or all of
which may be utilized during the posttranslational processing
of nascent E1-E2 complexes (14, 27, 32, 52). Multiple N-linked
glycans, in addition to assisting in the folding of antigenically
complex proteins, may have other functions, such as masking
proteins from reactivity with virus-specific antibodies, facilitat-
ing escape from neutralization by antibodies or the comple-
ment, and interfering with antigen processing. The antigenicity
of viral glycoproteins can in some cases be enhanced by elim-
inating N-linked glycosylation sites (19, 36). Another essential
step in the immune response to HCV infection is the recogni-
tion of epitopes by cytotoxic T lymphocytes (CTLs). For viral
proteins to be recognized by CTLs, they must be cleaved into
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short peptides and translocated into the endoplasmic reticu-
lum or loading onto HLA class I molecules (1, 39, 41). The
HLA-peptide binding depends on amino acids known as an-
chor residues (41). The complex of a peptide and a class I
molecule is then presented on the cell surface, which allows it
to be recognized by epitope-specific CTLs (39). Each step of
CTL epitope generation and recognition is potentially con-
strained by sequence specificity. Mutations both within and
proximal to epitopes can influence their immunogenic poten-
tial (7, 8, 33, 55). Mutations that influence cleavage during
epitope processing can also be critical (4, 9, 21). Cleavage sites
generated by the immunoproteasome are sensitive to the sur-
rounding amino acid sequences (5, 37), although no simple
cleavage signal is apparent. In light of these considerations, an
effective vaccine has to be multivalent and include those ge-
notypes that are common in a given geographical region.

Egypt could be considered a candidate country for perform-
ing trials of prophylactic and therapeutic vaccines, because it
has one of the world’s highest HCV prevalence rates (2, 48). In
Egypt, subtype 4a is predominant (15), and new putative sub-
types have been described (43).

In the present study, we analyzed HCV genotype 4 isolates
circulating in the Alexandria District, with particular regard to
genetic divergence and the presence of different subtypes. The
analysis of epitope frequencies, immunoproteasome predic-
tion, and possible glycosylation patterns were used to charac-
terize the HVR1 and NH2 regions of the E2 protein with the
aim of studying the heterogeneity of subtype 4a isolates.

MATERIALS AND METHODS

Study population. The studied isolates were extracted from sera collected
during a previous survey of 135 patients with chronic hepatitis who presented to
the Alexandria University Hospital (Egypt) between August 1993 and January
1995 and who came from different areas of the Alexandria District (2). As
described, the anti-HCV prevalence was 67%, as determined by HCV version 3.0
enzyme-linked immunosorbent assay (Ortho-Clinical Diagnostics, Inc., Raritan,
N.J.) and confirmed using the RIBA HCV 3.0 Strip Immunoblot assay (Chiron
Corp., Emeryville, Calif.), and 74 of the 84 HCV RNA-positive patients were
infected with genotype 4. In the present study, serum samples were analyzed for
only 36 of the 74 patients with genotype 4 (�50%), since sufficient quantities of
serum were not available for the other patients. There were no epidemiological
or clinical differences between the patients included in the analysis and those
who were excluded. Sera were stored at �80°C.

HCV RNA amplification of NS5b, E1, and E2 genome regions. HCV RNA was
extracted from 100 �l of serum using the guanidinium isothiocyanate method
(44). The regions NS5b and E1 were amplified as previously described (3). The
E2 region was amplified by means of a reverse transcription-nested PCR, using
the forward primer GGF1 (nucleotides [nt] 1171 to 1193 of the HCV genotype
4 prototype Ed43; accession number Y11604), 5� CACTGGACYACBCARGA
NTGYAA 3� (where Y is C or T; B is G, T, or C; R is G or A; and N is A, C,
G, or T); as reverse primers, we used an equimolar mixture of the primers GGR1
(nt 1946 to 1967), 5� TTGGTGAACCCDGTRCYRTTCA 3� (where D is G, A,
or T; R is G or A; and Y is C or T), and GGR2 (nt 1942 to 1963), 5� TGAAC
CCDGTRCYRTTCATTCA 3� (where D is G, A, or T; R is G or A; and Y is C
or T). The 50-�l reaction mixture consisted of 10 �l of RNA, 5 �l of 10� buffer
(150 mM Tris-HCl, pH 8.9, 625 mM KCl, 27.5 mM MgCl2, and 0.01% gelatin),
0.5 mM (each) primer, 200 mM (each) dideoxynucleotide, 5 U of avian myelo-
blastosis virus reverse transcriptase, and 1.25 U of recombinant Taq polymerase.
The thermal profile was 43°C for 20 min, 94°C for 8 s, and 40 cycles at 94°C for
40 s, 53°C for 20 s, and 72°C for 1 min, with a final extension at 72°C for 7 min.
The second amplification step in 50 �l of reaction mixture consisted of 5 �l of
10� buffer (100 mM Tris-HCl, pH 8.3, 500 mM KCl, 15 mM MgCl2, and 0.01%
gelatin), 0.5 mM (each) a mixture of forward primers GGF2a (nt 1231 to 1253),
5� ATGGCNTGGGAYATGATGATGAA 3� (where N is A, C, G, or T and Y
is C or T), and GGF2b (nt 1231 to 1253), 5� ATGGCNTGGGAYATGATGC
WGAA 3� (where N is A, C, G, or T; Y is C or T; and W is A or T), and a mixture

of 0.5 mM (each) reverse primers GGR3a (nt 1873 to 1895), 5� AGGAAGAC
ATCNGTNTCRTTCTC 3� (where N is A, C, G, or T and R is G or A), and
GGR3b (nt 1873 to 1895), 5� AGGAAGACATCNGTNTCRTTTTC 3� (where
N is A, C, G, or T and R is G or A), 200 mM (each) deoxynucleotide, 1.25 U of
recombinant Taq polymerase, and 5 �l of the first PCR amplification product.
The profile was 95°C for 9 min and 35 cycles of 94°C for 40 s, 53.5°C for 10 s, and
72°C for 1 min, with a final extension at 72°C for 7 min. All PCR products were
analyzed using 2% agarose gel electrophoresis with ethidium bromide staining.

Sequencing and analysis of nucleotide sequences. To remove excess primers,
all positive samples were purified on a 100,000-kDa Centricon column (Milli-
pore, Billerica, Mass.); they were then sequenced using the BigDye Terminator
kit (Applied Biosystems, Foster City, Calif.) following the manufacturer’s in-
structions and using the same forward and reverse primers adopted for PCR. All
samples were sequenced on an ABI 373 automatic sequencer. Genotype 4 se-
quences were retrieved from GenBank. The sequences were aligned with the
consensus sequences using the program ClustalX implemented in the Bioedit
package (23) and were then manually adjusted. The phylogenetic analysis was
performed using MEGA2 (26). The neighbor-joining method was used with
1,000 bootstrap replications.

The analysis was carried out with an HCV genotype 1 prototype as the
outspecies. However, to enlarge the results, the outspecies was deleted from the
trees in the figures, without changes in the topology of the representations.

The following sequences were included in the HCV E1 analysis: 1196-5
(D43678), 1196-8 (D43680), 1196-10 (D43681), B14 (L39282), B203 (L39284),
CAM600 (L29587), CAM736-42 (L38323), CAR4/901 (L36440), CAR4/1205
(L36439), DK13 (L16656), ED43 (Y11604), FR12 (L38332), G22A (L22592),
G22B (L22595), G27(L29597), G358 (L29606), GB116 (L29601), GB215
(L29604), GB438 (L29610), GB549 (L29620), GB809 (L29624), HEMA51
(D45193), NL40 (L39303), NL52 (L39310), NL81 (L39314), NL85 (L39315),
NL88 (L39316), Z1 (L16677), Z4 (L16652), Z6 (L16678), and Z7 (L16653).

The following sequences were included in the HCV NS5b analysis: B14
(L44597), CAM600 (L29590), CAR1/501 (L36438), CAR4/1205 (L36437), EG13
(L23469), EG19 (L23470), EG81 (L78841), FR9 (L38376), FR12 (L38370),
FR14 (L48493), G22 (L29596), GB116 (L29602), GB215 (L29605), GB358
(L29607), GB438 (L29611), GB48 (L29614), GB809 (L29626), and NL81 (L44603).

Computer-assisted analysis of N glycosylation sites and epitope prediction. N
glycosylation sites were predicted using the on-line prediction server NetNGlyc
version 1.0 (http://www.cbs.dtu.dk/services/NetNGlyc/), which predicts N glyco-
sylation sites in proteins by using artificial neural networks that examine the
sequence context of Asn-Xaa-Ser/Thr sequons (22). The prediction of T-cell
epitopes was performed following the method of Yusim et al. (57) with minor
modifications. In particular, the absence of a fully reconstructed database for
experimentally defined HCV epitopes was overcome by means of T-cell epitope
prediction using the on-line software SYFPEITHI (version 1.0), a database of major
histocompatibility complex ligands and peptide motifs (http://www.syfpeithi.de/).
SYFPEITHI is a database comprising �4,000 peptide sequences known to bind
class I and class II major histocompatibility complex molecules compiled from
published reports only (41, 42).

Nucleotide sequence accession numbers. All of the E1 sequences character-
ized in the present study have been submitted to GenBank under the indicated
accession numbers: Egy4 (AY786475), Egy12 (AY787785), Egy13 (AY786476),
Egy15 (AJ002758), Egy27 (AY786477), Egy28 (AY786478), Egy31 (AY786479),
Egy33 (AY786480), Egy34 (AJ002755), Egy36 (AJ002753), Egy37 (AY786481),
Egy39 (AY786482), Egy40 (AY786483), Egy42 (AY786484), Egy44 (AJ002757),
Egy47 (AJ002759), Egy53 (AY786485), Egy58 (AJ002751), Egy68 (AJ002761),
Egy75 (AJ002752), Egy76 (AY786486), Egy83 (AJ002754), Egy84 (AJ002762),
Egy86 (AY786487), Egy87 (AY786488), Egy98 (AY786489), Egy104 (AY786490),
Egy111 (AY786491), Egy127 (AY786492), Egy130 (AY786493), Egy133 (AY786494),
Egy157 (AY786495), Egy162 (AY786496), Egy171 (AY786497), Egy193 (AJ002756),
Egy198 (AY786498), and Egy205 (AJ002760). All of the NS5b sequences char-
acterized in the present study have been submitted to GenBank under the indi-
cated accession numbers: Egy13 (AJ002825), Egy15 (AJ002832), Egy28 (AJ002818),
Egy29 (AJ002822), Egy31 (AJ002824), Egy34 (AJ002819), Egy37 (AJ002827),
Egy39 (AJ002823), Egy44 (AJ002831), Egy47 (AJ002833), Egy49 (AJ002817),
Egy58 (AJ002820), Egy68 (AJ002826), Egy75 (AJ002828), Egy84 (AJ002821),
Egy193 (AJ002830), and Egy205 (AJ002816).

RESULTS

Partial E1 coding region sequences were aligned with type 4
prototypes derived from Maertens and Stuyver (reference 31
and data not shown) and with GenBank sequences. The phy-
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logenetic tree obtained by performing neighbor-joining analy-
sis of the alignment of sequences is shown in Fig. 1. The
subtypes were named following the nomenclature of Maertens
and Stuyver, with minor modifications. In particular, Z4 and
GB809-4 were assigned to subtype 4l, and G22 and related
isolates were assigned to subtype 4f. Based on the topology of
the tree, we initially classified 28 of the isolates as subtype 4a
(Fig. 1A). The molecular analysis of subtype 4a isolates showed
a high level of heterogeneity. Compared to the sequences of
5 prototypes obtained from GenBank, 26 of the 29 isolates
showed a genetic distance of 10 to 19%; 2 isolates, namely,
Egy33 and Egy37, showed distances of �10%; and 1, Egy34,
showed a distance of �19% (data not shown).

Eight isolates (Egy15, Egy27, Egy44, Egy47, Egy98, Egy104,
Egy133, and Egy193) clustered in a defined branch of the tree
(Fig. 1B). To better classify these isolates, we performed am-
plification of the NS5b region and genetic characterization of
the four isolates for which a sufficient amount of serum was
available (Egy15, Egy44, Egy47, and Egy193) and for nine
randomly chosen isolates of subtype 4a. The results of the
phylogenetic analysis, shown in Fig. 2, indicated the presence
of three new subtypes (4m, 4n, and 4p).

Comparison of the genetic distances between the unclassi-
fied isolates and the subtype 4 prototypes in the E1 and NS5b
regions confirmed the results of the phylogenetic analysis (data
not shown) and indicated the presence of a fourth new subtype

FIG. 1. Phylogenetic tree of the E1 region of genotype 4 isolates. (A) Subtype 4a isolates. (B) All other isolates. The scale bar shows substi-
tutions per nucleotide site.
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(4o) (Table 1). Four isolates (Egy27, Egy44, Egy133, and
Egy193) were assigned to subtype 4m, with the intragroup ge-
netic distances ranging from 7.44 to 13.47% (mean, 10.92%).
Egy15 and Egy47 were classified as 4p and 4n, respectively.
Egy15 (4p) was highly related to subtypes 4c and 4e, whereas
Egy47 (4n) was equally related to subtypes 4c, 4e, and 4f. Two
isolates (Egy98 and Egy104) were assigned to subtype 4o, with
a genetic distance of 9.91%.

The distribution of the genotype 4 isolates was as follows:
subtype 4a (n 	 29), 78%; subtype 4m (n 	 4), 11%; subtype
4o (n 	 2), 5.5%; subtype 4n (n 	 1), 2.7%; and subtype 4p
(n 	 1), 2.7%.

The portion of the E2 ectodomain that contains HVR1 in
subtype 4a isolates was further studied. The variations in the
predicted glycosylation sites are shown in Table 2. Whereas
other studies have reported five glycosylation sites in this re-
gion, in the present study, all of the isolates showed three
different glycosylation sites, with the exception of Egy157,
which showed only two sites. Differences in the probability of
glycosylation and in the positions of the different sites were
also observed. The isolate Egy49 is present in two main vari-
ants, one of which had an additional glycosylation site in po-
sition 65.

The presence of predicted epitopes in HVR1 and the E2
ectodomain is shown in Table 3. The two regions showed
similar features, with the probability of epitopes per amino
acid ranging from 0.00 (in HVR1 of Egy28, Egy31, and
Egy162) to 0.13 (in HVR1 of Egy68 and Egy157 and in the E2
ectodomain of Egy198). The number of predicted epitopes
ranged from 6 (Egy31) to 16 (Egy68 and Egy198).

Recently, a combination of computer-assisted analyses has
been shown to predict epitopes actually utilized in vivo (20). In
our study, these analyses were applied to the E2 ectodomain

FIG. 2. Phylogenetic tree of the NS5b region of genotype 4 isolates.
The scale bar shows substitutions per nucleotide site.

TABLE 1. Genetic distances in the E1 region of newly classified Egyptian isolates

Isolate
Distancea

Subtype
Egy27 Egy44 Egy133 Egy193 Egy15 Egy47 Egy98 Egy104

Egy27 0.1347 0.1141 0.1290 0.2492 0.3379 0.2674 0.2234 4m
Egy44 0.1195 0.0836 0.2604 0.3426 0.2990 0.2799 4m
Egy133 0.0740 0.2140 0.3390 0.2908 0.2538 4m
Egy193 0.2308 0.3340 0.2504 0.2269 4m
Egy15 0.3597 0.2473 0.2169 4p
Egy47 0.3098 0.3316 4n
Egy98 0.0991 4o
Egy104 4o

a The values range between 0 (0%) and 1 (100%) substitutions per nucleotide site.

TABLE 2. Probability of glycosylation in E2 ectodomain

Isolate
Probability at positiona:

No. of sites
34 40 47 65 93

Ed43 �� � �� � � 3
Egy13 �� � � � � 3
Egy28 �� � �� � � 3
Egy31 �� � �� � � 3
Egy37 �� � �� � � 3
Egy49 �� � �� �b � 4b

Egy68 �� � �� � � 3
Egy76 �� � �� � � 3
Egy87 �� � �� � � 3
Egy133 �� � � � � 3
Egy157 �� � �� � � 2
Egy162 �� � �� � � 3
Egy198 ��� � � � � 3
Egy205 �� � �� � � 3

a Glycosylation probability is shown by ��� (probability � 70%), �� (prob-
ability between 60 and 70%), � (probability between 50 and 60%), and � (not
present). In Egy198, N47 is replaced with V. aa, amino acid.

b Egy49 is represented by two main variants. One variant did not present N
glycosylation at position 65, and thus only three sites can be predicted.
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(Table 4). We observed five classes of epitopes. One class
(HLA-A0201) represents an epitope that is not utilized be-
cause it lacks a proteasome cleavage site; amino acid mutations
(e.g., L55F in Egy13) are responsible for decreases in the score
that indicates affinity of binding. In a second class of epitopes
(HLA-B2705), again the epitope is not utilized because it has
no cleavage site, yet some of the mutations can abolish the
sequence recognized as the epitope (i.e., Egy28, Egy76, and
Egy87). In a third class of epitopes (HLA-A3 and HLA-B5101),
there is a mutation that can abolish the proteasome cleavage
(HLA-A3) or the predicted epitope (HLA-B5101). Finally, in
a fourth class of epitopes (HLA-B5151), a single amino acid
position (no. 111) determines the affinity of binding.

The variability in the HVR1 neutralization epitope is shown
in Fig. 3. The Egyptian isolates in our study showed high
variability (two isolates of subtype 2m and two isolates of sub-
type 2o were added to the analysis). Five of the isolates showed
amino acids in positions in which they had never been observed
(a total of six positions). Four of these residues (in isolates
Egy27, Egy68, Egy162, and Egy205) were in positions involved
in anchoring to the E2 glycoprotein core.

DISCUSSION

In Africa, circulating HCV is extremely heterogeneous (31).
Genotype 5 is endemic in southern Africa. Genotype 1 circu-
lates in north and central Africa, and provisional new subtypes
have been characterized in Morocco, Cameroon, and Nigeria.
Genotype 2 has been found in north, western, and central
Africa. New subtypes have been identified in Guinea Conakry
(46), The Gambia, and Nigeria (31). In Surinam and the
French Antilles, subtypes of genotype 2 found in certain pa-
tients are supposed to have originated in Africa (31). Finally,
genotype 4 is widespread in East Africa and Egypt (48).

Recently, there has been increased interest in the variability
of HCV, especially in light of the fact that new vaccines based
on the structural proteins of HCV are being developed. The
two HCV N glycosylated envelope glycoproteins, E1 and E2,
are believed to be type 1 transmembrane proteins with N-
terminal ectodomains and C-terminal hydrophobic anchors.
Chimpanzees vaccinated with purified recombinant E1-E2 het-

TABLE 3. Number of T-cell epitopes predicted in
HVR1 and E2 ectodomain

Isolate
No. of T-cell epitopesa

HVR1 (aa 1–30) E2 (aa 31–133)

Ed43 1 (0.03) 9 (0.08)
Egy13 3 (0.10) 9 (0.08)
Egy28 0 (0.00) 9 (0.08)
Egy31 0 (0.00) 6 (0.06)
Egy37 2 (0.07) 9 (0.08)
Egy49 3 (0.10) 9 (0.08)
Egy68 4 (0.13) 12 (0.12)
Egy76 3 (0.10) 9 (0.08)
Egy87 2 (0.07) 7 (0.07)
Egy157 4 (0.13) 10 (0.07)
Egy162 0 (0.00) 8 (0.07)
Egy198 3 (0.10) 13 (0.13)
Egy205 3 (0.10) 9 (0.08)

a aa, amino acids. The value in parentheses indicates the probability of being
involved in an epitope per amino acid site.
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erodimeric proteins have been shown to be protected against
challenge with homologous virus (10). However, given that
quasispecies circulate in the bloodstreams of infected individ-
uals, it remains to be determined whether the anti-E2 response
elicited by one recombinant protein is effective against heter-
ologous viral inocula. One of the targets of this immune re-
sponse is the 27-amino-acid-long N-terminal segment of the E2
glycoprotein, known as HVR1, which is the most variable
region of the HCV polyprotein and which contains the only
neutralization determinant that has been identified. Anti-
HVR1 antibodies specific for one variant display only a limited
ability to neutralize different viral variants (17, 18). The efficacy
of a vaccine based on structural proteins could be impaired if
escape mutants were present (6, 25, 30, 38, 53, 58).

We analyzed the circulation and distribution of subtypes of
clade 4 in Egypt and the variability of selected regions of the
structural proteins, which could be important for the efficacy of
an anti-HCV vaccine. The study population had been recruited
in a previous survey in a hospital in the city of Alexandria,

although these individuals came from all over the Alexandria
District, including rural villages (15).

The observed heterogeneity was much greater than ex-
pected, since previous studies mainly reported subtype 4a (for
a review, see reference 49). In our study, although subtype 4a
was found to be prevalent (78% of the cases), four new sub-
types were found, with subtype 4m representing 11% of the
cases and the other three subtypes representing another 11%.
Substantial heterogeneity was also found when the intrasub-
type 4a sequences were analyzed. The previously characterized
prototypes (i.e., ED43, HEMA51, NL81, and NL40) showed
distances ranging from 5 to 11.5% (mean, 9.4%), whereas,
compared to the Egyptian isolates in our study, the mean
genetic distance for these prototypes was 10.5%, with a range
from 3.9 to 19.18%. Egy34 was the least related isolate, with a
distance ranging from 13.5 to 19.2%.

Although Egypt is eligible as a model site for vaccine trials
because the prevalence of HCV infection is high (10 to 14%)
(2), the extreme heterogeneity found at all levels in this HCV

FIG. 3. Variability in the HVR1 neutralization epitope. (A) Amino acid (aa) variations among 1,382 isolates of different genotypes and
subtypes extracted from DataBank (40). The first line represents the consensus sequence. (B) Amino acids are listed in decreasing order of
observed frequency, from top to bottom. Uppercase letters represent amino acids with a �10% presence; bold lowercase letters represent amino
acids found only in the Egyptian isolates of this study. The arrows indicate the residues essential for the anchoring of the E2 glycoprotein core and
in maintaining the HVR1 conformation.
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clade must be taken into consideration. Factors that contribute
to the development of an effective vaccine and that are influ-
enced by viral heterogeneity include the proper folding of the
HCV structural proteins used, the recognition of epitopes by
CTLs, and the eliciting of a neutralizing immune response.

A structural model based on homology modeling with the
flavivirus tick-borne encephalitis virus has predicted the posi-
tions of the 11 potential N-linked glycosylation sites in the E2
glycoprotein (56). Mutagenesis studies suggest that these sites
are used during the posttranslational processing of nascent
E1-E2 complexes (5, 19, 50). Our analysis of the first five
N-linked glycosylation sites revealed that our isolates were
quite different from the model, in that in most cases there were
only three glycosylated sites. Moreover, among our isolates,
there were differences in the pattern of glycosylation (Table 4).
However, these data do not take into account differences in
conformational epitopes, which could be influenced by the
interaction of E2 with E1.

Conformational epitopes are crucial in cell-mediated immu-
nity, and there is growing awareness of the importance of the
HCV-specific CTL response in viral clearance. This response
may contribute to the long-term control of HCV (29), and it is
critical to the development of an effective vaccine. The pattern
of variation of the predicted CTL epitopes in the E2 protein
ectodomain (which contains, in HVR1, the only known neu-
tralization epitope) in the subtype 4a isolates showed no dif-
ferences between HVR1 and the rest of the E2 ectodomain,
expressed as the probability per position of being included in
the CTL epitope. As shown in Table 4, the variability could
drastically alter epitope prediction. In human immunodefi-
ciency virus type 1 (57), escape mutations that inhibit process-
ing or HLA binding have been observed to occur more often in
variable regions, conferring a generic form of CTL escape. If a
cleavage site is lost or a peptide cannot bind to any class I
molecule, then the accumulation of such mutations decreases
the immunogenic potentials of the regions where they are
located, especially in regions that readily tolerate change. At
the population level, this means that the virus may have
evolved toward a state more refractive to the CTL response.
Our data support the possible influence of variability in the
escape of the virus from cellular recognition. The fact that
HVR1 contains the only known neutralization epitope may
also be important for vaccine development. Nucleotide se-
quences encoding HVR1 fragments are highly variable (up to
80%), apparently because of antibody selection of immune
escape variants. However, the examination of aligned amino
acid sequences has suggested that there is restricted amino
acid usage in certain positions, probably because HVR1 could
interact with negatively charged molecules at the cell surface,
playing a role in host cell recognition and attachment, as well
as in the cellular compartmentalization of the virus. In our
study, five of the isolates showed amino acids in six novel
positions. Four of these residues (in four different isolates)
were in positions involved in anchoring to the E2 glycoprotrein
core and in maintaining the HVR1 conformation.

The results of this study indicate that HCV genotype 4 in
Egypt is extremely variable, not only in terms of sequence, but
also in terms of functional and immunological determinants.
These data should be taken into account in planning vaccine
trials in Egypt. Moreover, given that a cellular system of infec-

tion for HCV does not exist, in vitro neutralization studies
cannot be performed, and thus, it is not possible to determine
whether genotypes can be recognized as serotypes. In fact,
cross-neutralization could clarify whether specific genotypes
and subtypes represent an actual obstacle to effective mass
vaccination.
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