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Serological determination of hepatitis C virus (HCV) subtypes has been hampered by the lack of suitable
assays. Therefore, a recombinant immunoblot assay has been established for serological differentiation of HCV
subtypes 1a, 1b, 2a, 2b, 3a, and 4a. It consists of recombinant HCV proteins from the NS-4 region propagated
in Escherichia coli. To confirm the serotyping assay results, the results were compared with those obtained by
nucleotide sequencing of the NS-5 region. Sera from 157 patients with chronic HCV infection were examined

by this assay, and specific antibodies could be detected in 86% (r

135) of them. The HCV genotype was

determined correctly in all but one sample, and the subtypes determined by the serotyping assay corresponded
to the HCV subtypes detected by nucleotide sequencing for 95% (n = 128) of the samples. These data indicate
that HCV subtypes can be distinguished serologically. The assay that is described provides an easier means of
identification of infection with different HCV subtypes for wider clinical and epidemiological applications.

Hepatitis C virus (HCV) is a single-stranded RNA virus of
about 9,500 bp which is assumed to cause chronic hepatitis in
more than 90% of HCV-infected individuals (13). HCV has
been classified into at least six major genotypes and a number
of more closely related subtypes (15, 24, 33, 41). Although
some studies fail to find a correlation between HCV genotype
and clinical outcome (29, 46), others demonstrate that the
subtype of the infecting HCV strain seems to influence the
clinical course of the infection as well as the outcome of ther-
apy with alpha interferon (19, 27, 40). Therefore, several dif-
ferent tests like PCR with genotype-specific primers, restric-
tion fragment length polymorphism assay, or hybridization
techniques have been developed for determination of HCV
genotypes (1, 18, 21, 23, 25). An advantage of serological tests
such as the immunoblot assay or the enzyme-linked immu-
nosorbent assay (ELISA) is their easy performance. The main
problem when developing serological tests for the purpose of
genotyping arises from the need not only for protein sequences
with antigenic properties but also for protein sequences with
type-specific properties.

Several different parts of the HCV genome, namely, the 5’
noncoding region (3, 7, 8, 37), the core region (5, 7, 8), the
envelope region (7, 34, 38), the NS-3 region (4, 8), the NS-4
region (35, 42), and the NS-5 region (10, 20, 30, 33), have been
shown to be appropriate for use in the grouping of HCV
isolates into different types by nucleotide sequencing. Epitope
mapping of the NS-4 region has revealed the existence of
antigenic determinants in regions with considerable variability
between the different genotypes of HCV (35, 43). ELISAs with
peptides derived from these regions have been used to detect
antibodies specific for different HCV genotypes (2, 35, 42, 43).

Until now HCV subtypes could not be distinguished by com-
mercially available serological tests. Therefore, we have estab-
lished an immunoblot assay based on subtype-specific recom-
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binant proteins derived from the NS-4 region (NS-4 IBA). This
assay allows determination of HCV subtypes 1a, 1b, 2a, 2b, 3a,
and 4a, which are the most common in Western Europe and
the United States (19). The subtypes determined from the
results obtained by the NS-4 IBA were compared to the sub-
types determined by sequencing of a part of the NS-5 region by
following the classification proposed by Simmonds et al. (33).

MATERIALS AND METHODS

Patients. Serum samples were collected from 147 patients who had chronic
HCV infections and who lived around the city of Hamburg, Germany. Ten of
them were born in Egypt and had acquired HCV infection prior to immigration
into Germany. All of them tested positive by a second-generation ELISA (Ab-
bott Laboratories, North Chicago, Ill.) for HCV, and antibody reactivity was
confirmed by an in-house recombinant immunoblot assay (12). HCV viremia was
proven by PCR as described previously (11). None of the patients was treated
with alpha interferon at the time of this investigation. A group of 30 individuals
who had no clinical or biochemical signs of liver disease and who tested negative
by the second-generation ELISA for HCV, HCV immunoblot assay for HCV,
and PCR for HCV served as negative controls. Serum samples from patients
infected with HCV subtypes 2a and 2b were, in part, provided by courtesy of the
National Reference Laboratory for HCV in Essen, Germany.

Nucleotide sequencing of a region within the NS-5 gene for genotyping. HCV
RNA extraction was performed by a modified guanidinium-thiocyanate-phenol-
chloroform method as described previously (11). The isolated RNA was resus-
pended in 50 wl of diethyl pyrocarbonate-treated H,O. For cDNA synthesis 50
pmol of primer 51 (5'-AGTCATAGCCTCCGTGAA-3'; nucleotide positions
8290 to 8273, as described previously [9]) and 200 U of Moloney murine leuke-
mia virus reverse transcriptase (Superscript; BRL-Life Technologies, Gaithers-
burg, Md.) were added to 11 pl of RNA. After reverse transcription, amplifica-
tion of the HCV ¢cDNA was performed with 5 ul of cDNA in a buffer containing
10 mM Tris-HCI (pH 8.3), 50 mM KCI, 2 mM MgCl,, 160 pM (each) de-
oxynucleotide triphosphates, 30 pmol of each sense or antisense primer, and 2 U
of Pfu thermostabile DNA polymerase (Stratagene, La Jolla, Calif.). For the first
round of the nested PCR, primers 50 (5'-ATGGGGCAAAGGACGTCCG-3';
positions 7567 to 7585) and 51 were used. Five microliters of the first-round
product was used in a second amplification step with primers 52 (5'-ACTGAA
TTCTCGTATGATACCCGC-3'; positions 7911 to 7925) and 53 (5'-GTCAAG
CTTCACAGATAACG-3'; positions 8233 to 8222). The amplification products
were purified by agarose gel electrophoresis and were cloned into pBluescript IT
(Stratagene). After transformation into Escherichia coli DH5a (BRL-Life Tech-
nologies), the nucleotide sequences were determined by the dideoxy chain ter-
mination method with modified T7 DNA polymerase (Sequenase version 2.0 kit;
United States Biochemical Corp., Cleveland, Ohio). The sequences were ana-
lyzed and the percentages of similarity were calculated by using the BESTFIT
program of the GCG program package developed at the University of Wisconsin
and provided by the German Cancer Research Center (DKFZ), Heidelberg,
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Germany. Genotypes were determined by following the classification proposed
by Simmonds et al. (33).

Establishment of the NS-4 IBA. (i) PCR amplification of NS-4 sequences.
Serum specimens containing different HCV genotypes were selected, and the
sequences of the NS-4 of HCV RNA region were isolated. Therefore, HCV
RNA extraction was performed by a modified guanidinium-thiocyanate-phenol-
chloroform method as described previously (11). Eleven microliters of the RNA
was reverse transcribed with primer 48 (5'-GTCAAGCTTTTATTCCACATGT
GCTT-3'; positions 5642 to 5629), and 5 pl of the cDNA was amplified by nested
PCR with primers 48 and 41 (5'-ACCGAATTCACGAAATACATC-3'; posi-
tions 5269 to 5280) in the first round. A second amplification step was performed
with 5 pl of the first-round product with inner primers 43 (5'-CTTCGGATCC
TACAACAGGCAGCGTG-3'; positions 5368 to 5382) and 44 (5'-GAGACTG
CAGTTACTGTTTGAACTGCT-3’; positions 5513 to 5498). The nucleotide
sequences of the amplification products were determined as described above to
check for correctness.

(ii) Expression and purification of recombinant NS-4 proteins. For expression
of purified NS-4, DNA fragments were cloned into the pTrxFus expression
vector (Invitrogen, San Diego, Calif.). After transformation into E. coli GI1724
(Invitrogen), further steps were performed as recommended by the manufac-
turer. Briefly, cells were cultured in tryptophan-free medium (2% Casamino
Acids, 1% glycerol, 1 mM MgCl,, 1X M9 salts, 100 g of ampicillin per ml)
overnight at 30°C. A total of 500 wl of each culture was inoculated into 10 ml of
fresh medium and was allowed to grow at 30°C to an optical density at 550 nm
of 0.5. Tryptophan was added to a final concentration of 100 wg/ml, and the
induced cultures were propagated at 37°C for another 4 h. For protein extraction,
the cells were lysed by ultrasonification at 100 W in eight cycles of 20 s each on
ice. The samples were centrifuged at 12,000 X g for 5 min at 4°C to pellet the cell
debris, and the supernatants were analyzed by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis. HCV fusion proteins were separated from other
bacterial proteins by affinity chromatography with Thiobond Resin columns
(Invitrogen). Four milliliters of the supernatants was mixed with 2 ml of Thio-
bond Resin, and the mixture was rocked for 30 min at room temperature. The
settled resins were washed twice with a buffer consisting of 50 mM Tris-HCI (pH
7.4), 1 mM EDTA, 200 mM NacCl, and 1 mM 2-mercaptoethanol. Elution of the
HCYV fusion proteins was performed with washing buffer containing 100 mM
2-mercaptoethanol. The purities of the fusion proteins were confirmed by so-
dium dodecyl sulfate-polyacrylamide gel electrophoresis.

Immunoblots. Five nanograms of each soluble type-specific HCV fusion pro-
tein was transferred onto a polyvinylidene difluoride membrane (Millipore, Esch-
born, Germany). The immunoblot assay was performed as described previously
(12). Forty nanograms and 15 ng of immunoglobulin G from a standard HCV-
negative serum sample (Behring, Marburg, Germany) was applied to each strip
and served as an internal control.

In the first step, sera were tested in their native state to determine the HCV
genotype. Most of the sera from subtype la- or subtype lb-infected patients
contained antibodies that reacted with epitopes of both the subtype la and
subtype 1b recombinant proteins. The sera from subtype 2a- and subtype 2b-
infected patients contained antibodies which also reacted with the subtype 2a and
the subtype 2b recombinant proteins. To detect those antibodies which are
directed against the subtype-specific epitopes of the respective recombinant
proteins, serum samples needed to be preabsorbed with a solution that contained
a surplus of subtype 1a and subtype 2a recombinant proteins. All sera were tested
by the NS-4 IBA before and after preabsorption, and the patterns of reactivity
were compared as described recently (32). After preabsorption, HCV subtypes
could definitely be determined by the detection of the reactivity against a single
subtype-specific recombinant protein that remained.

Identical results were always obtained when different batches were used for
immunoblotting.

Nucleotide sequence accession numbers. All new sequences described in this
report have been submitted to the EMBL gene bank and have been given
accession nos. Z35502 to Z35594 and X88564 to X88607.

RESULTS

The amino acid sequences of the type-specific NS-4 recom-
binant proteins that we had chosen for our NS-4 IBA were
compared to those published for the HCV prototype strains (6,
9, 15, 22, 23, 45). Each of the proteins used in the NS-4 IBA
shared more than 90% identity at the amino acid level with the
corresponding reference isolate (data not shown).

A comparison between the peptides of the isolates used in
this assay revealed differences that ranged from 18% between
genotypes 1 and 4 to 68% between genotypes 2 and 3. The
amino acid sequences of subtypes of genotypes 1 and 2 differed
by 18 and 20%, respectively (Fig. 1). Of 157 serum samples
from patients with chronic HCV infection, serological typing
was possible for 86% (n = 135) (Table 1). The remaining
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FIG. 1. Comparison of amino acid sequences of recombinant proteins used
for NS-4 IBA. Bars indicate identical amino acids between subtypes la and 1b
and between subtypes 2a and 2b. Asterisks indicate amino acids that are con-
served among all isolates. Dots within the amino acid sequences indicate dele-
tions.

samples which could not be classified by the NS-4 IBA also
exhibited either low antibody titers in the second-generation
ELISA or no reactivity against the NS-4 region at all. The
latter was confirmed by a recently described antibody test con-
taining four recombinant proteins from different regions of
HCV (12).

A positive result by the NS-4 IBA could not be observed for
any of the HCV-negative control samples.

All sera were tested in parallel in their native state and after
absorption, and in all 135 serum samples that reacted in the
NS-4 IBA, the HCV subtype could definitely be determined
(Fig. 2). Serotype 1, with subtypes 1a and 1b, was detected in
78.5% (n = 106) of the serum samples tested. HCV serotype 2,
with subtypes 2a and 2b, was detected by the immunoblot assay
in 7.4% (n = 10) of the serum samples tested. Serotype 3a
could be detected in 6.7% (n = 9) of the serum samples. All of
serotype 3a-positive samples were derived from patients who
were intravenous drug users. HCV serotype 4a was detected in
7.4% (n = 10) of the serum samples tested. The serotype
4a-positive samples were derived from Egyptian patients who
had acquired HCV infection prior to their immigration into
Germany. A comparison of the subtypes obtained by nucleo-
tide sequencing and the immunoblot assay revealed identical
results by either method for 95% (n = 135) of the samples.
Only six samples were serologically assigned to a different
subtype by the immunoblot assay compared to that to which it
was assigned by nucleotide sequencing. Of the serum speci-
mens containing HCV subtype 1a or 1b, two were classified as
subtype 1b by sequencing but as subtype la by NS-4 IBA,
whereas four were classified as subtype 1a by sequencing but as
subtype 1b by immunoblot assay. The serum specimens con-
taining either HCV subtype 2a or 2b were all correctly typed by
the serological assay.

TABLE 1. Comparison of HCV subtypes determined by NS-4 IBA
and nucleotide sequencing”

No. of isolates of the following subtype by
Subtype by nucleotide serotyping:

sequencing

la 1b 2a 2b 3a 4a

la 37 4

1b 2 63 1
2a 5

2b 5

3a 9

4a 9

¢ Of 135 isolates, 128 (95%) had identical results by both methods.
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FIG. 2. Pattern of reactivity by NS-4 IBA with serum samples from patients
infected with different HCV subtypes, as described in the Materials and Methods
section. HCV subtypes are determined by the antibody reactivities against the
respective subtype-specific recombinant protein. Lane 1a/3a, a serum specimen
derived from a patient who was sequentially infected with two strains with
different HCV subtypes (subtypes la and 3a). Antibodies against both subtypes
can clearly be detected. IgG, immunoglobulin G.

Regarding the HCV genotypes, total agreement between the
results obtained by the serological assay and those obtained by
nucleotide sequencing could be observed for all but one sam-
ple (Table 1). The sample with discrepant results originated
from an Egyptian patient and was type 4a by the serological
assay but was type 1b by nucleotide sequencing.

DISCUSSION

Although different methods for determination of HCV sub-
types have been established, determination of HCV subtypes is
still very laborious (1, 18, 21, 23, 25) and hitherto has required
PCR. For the first time we present an immunoblot assay for the
serological differentiation of HCV genotypes and subtypes on
the basis of the use of recombinant proteins derived from the
NS-4 region of HCV. The amino acid sequence of this region
has been shown to contain considerable differences in isolates
of different HCV genotypes and subtypes (2, 32). By following
the classification proposed by Simmonds et al. (33), distinct
HCYV genotypes were found to share sequence identities of no
more than 70%. The more closely related subtypes of a certain
genotype shared identities of 74 to 81%, and different isolates
of the same subtype had identities of 87 to 98%. Although the
percent homology may vary depending on which region of the
HCV genome is examined, the classification into genotypes
and subtypes can readily be obtained by use of sequences from
throughout large parts of the entire genome (36). However,
the amino acid sequence of the region used for the assay
described here is very similar in subtypes 1b and 4a. This might
be the reason for the cross-reactivity that can occasionally be
observed between these subtypes when serum specimens are
tested in their native state. However, preabsorption of sera,
which was necessary to distinguish subtypes, allowed differen-
tiation of subtypes 1b and 4a. It has been described earlier that
a high percentage of viruses which are serologically type 4 can
be classified as type 1b by PCR-based genotyping assays (26).
In our study only one sample determined by serological assay
to contain genotype 4 virus contained a virus of a different type
by nucleotide sequencing. This sample was derived from one of
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the Egyptian immigrants who had acquired HCV infection
before moving to Germany. Since HCV subtype 4a is the most
predominant subtype in Egypt and the Middle East, we cannot
exclude the possibility of sequential infection with different
HCV strains in this patient. Serological assays like the NS-4
IBA have the potential to detect double or sequential infec-
tions. It has been shown that in patients who were known to be
infected with two HCV strains of different subtypes, only the
prevailing strain can be detected by PCR (44). However, even
when one subtype is suppressed, antibodies against both strains
may remain detectable for months. Further studies must be
performed to highlight the value of serological subtyping as-
says for the detection of sequential infections with different
HCYV strains.

One problem with serotyping assays may arise from missing
reactivity due to low levels of antibody production in patients
with immunosuppressing conditions (31). We found no reac-
tivity of the NS-4 IBA with 14% of the samples tested. On the
other hand, the serological assay described here has the ad-
vantage of allowing HCV subtyping of virus in samples with
levels of HCV viremia below the detection limit of PCR. It has
been demonstrated earlier that various PCR-based genotyping
assays fail to determine HCV subtypes in up to 16.5% of
samples due to low-level viremia (16).

Genomic sequence analysis of HCV isolates derived from
447 German patients revealed that more than 90% were in-
fected with HCV subtype la or subtype 1b (14). By the immu-
noblot assay described here, distinct patterns of reactivity be-
tween HCV subtypes la and 1b were obtained. Discordant
results at the subtype level between the NS-4 IBA and nucle-
otide sequencing occurred for only six (5%) samples. One
reason for the discrepancies might be that different genomic
regions share high degrees of homology with different HCV
subtypes. While serotyping is performed with proteins from the
NS-4 region, proteins from the NS-5 region are used for nu-
cleotide sequencing. However, a consistent feature of studies
on this topic is that the sequence relationships between sub-
genomic regions always reflect those of the complete genome
(36, 39). Examination of samples with different results by geno-
typing and serotyping assays revealed only a few amino acid
substitutions in the NS-4 region that might have accounted for
the discrepancies (28).

It has been shown earlier that differences in genotypes be-
tween serological and PCR-based methods are predominantly
found for isolates in samples from individuals with multiple
exposures to different HCV types. It remains unclear whether
the detection of antibodies in such samples corresponds to
double infection or to previous expression of a genotype dif-
ferent from that detected by PCR (28). Double infections with
different HCV genotypes have been found in 1 to 20% of
HCV-infected patients. A higher degree of double infections is
often found by PCR with genotype-specific primers (16, 17),
restriction fragment length polymorphism analysis of PCR
products (21, 22), or PCR followed by hybridization with spe-
cific oligonucleotides (1, 37). However, mutations in the initial
infecting HCV strain or incorrect incorporation of nucleotides
during PCR or reverse transcription could lead to an overes-
timation of the prevalence of coinfection with different HCV
strains when genotyping is performed by the methods men-
tioned above. The results of these tests would more likely be
influenced by point mutations than would the results of geno-
typing by nucleotide sequencing or serological assays. In one
serum sample, antibody reactivity against the subtype 3a and
additionally against the subtype la recombinant protein was
detected by NS-4 IBA. The genotype was determined to be 3a
by nucleotide sequencing. This sample was derived from a
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patient who was an intravenous drug user. It is well known that
both subtypes la and 3a are found in a high percentage of
intravenous drug users (14). This patient had a high risk of
multiple exposures to HCV, and sequential infection with
HCYV strains of different subtypes had to be assumed. There-
fore, serum samples which had been drawn up to 28 months
prior to retrieval of the sample used in the present study were
examined. It could be demonstrated by both sequencing and
serological testing that the patient was initially infected with
HCV subtype 1a. This demonstrates that the NS-4 IBA has the
potential to detect double or sequential infections with differ-
ent HCV strains.

The proteins of genotype 2 share homologies with the other
genotypes of only about 40%. This type is common in Asia, and
a certain percentage of strains in Italy, Spain, and other Eu-
ropean countries are genotype 2 (19). In our collection of
serum samples, genotype 2 seems to occur very seldom, as we
have previously demonstrated (14). Therefore, some sera
which were obtained from the National Reference Center for
HCYV had to be tested to examine the reliabilities of the sub-
type 2a and 2b recombinant proteins. All sera could be cor-
rectly typed as either HCV subtype 2a or HCV subtype 2b;
however, only a small panel of serum specimens containing
genotype 2 was available. The assay described here should be
tested in an area with a high prevalence of HCV subtypes 2a
and 2b to assess its value for determination of these subtypes
in the daily routine.

In conclusion, a reliable assay for serological determination
of HCV subtypes is described. The frequency of discrepant
results between nucleotide sequencing and the immunoblot
assay was very low, and the simplicity and rapidity of this
serotyping assay suggest that it may be a suitable alternative for
subtyping of HCV.
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