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Consistent with other members of the family Flaviviridae, hepatitis C virus (HCV) demonstrates a high
degree of sequence variation throughout the coding regions of its genome. However, there is a high degree of
sequence conservation found within the 5* untranslated region (UTR) of the genome, making this region a
target of choice for most nucleic acid amplification-based detection assays. In this study, the Amplicor HCV
test, a commercially available assay which detects the 5*UTR, was used for the detection of HCV RNA in 669
serum samples obtained from a cohort of liver transplantation patients. Amplification products obtained from
the HCV-positive cases were subjected to direct sequencing and genotyping based upon seven phylogenetically
informative regions within the 5*UTR. Of the 669 specimens, 416 (62.2%) tested positive for the presence of
HCV RNA. Of these, 372 (89.4%) specimens were successfully classified into 11 HCV genotypes and subtypes
after computer-assisted analysis of the sequence data. Forty-four (10.6%) of the HCV RNA-positive specimens
were not classifiable, the majority corresponding to low-titer specimens as determined by the Chiron Quantiplex
HCV RNA 2.0 assay. Additional comparative studies targeting the NS-5 region of the viral genome generally
confirmed the accuracy and sensitivity of the 5*UTR-based classifications, with the exception of the misclassification
of a small number of type 1a cases as type 1b. We conclude that although the high sequence conservation within the
5*UTR results in the misclassification of a small number of HCV subtypes, the overall gains of efficiency, the shorter
turnaround time, the inclusion of contamination control measures, and the low rate of test failure compared to that
of methods based on the NS-5 gene together constitute significant advantages over other techniques.

Infection with hepatitis C virus (HCV) has been identified as
the major cause of posttransfusion non-A, non-B hepatitis (1).
HCV has a linear genome approximately 10 kb in length con-
sisting of positive sense single-stranded RNA (ssRNA) (5).
Consistent with related members of the family Flaviviridae,
HCV demonstrates a high degree of sequence variation
throughout its genome; sequence analysis of multiple strains of
HCV has demonstrated that the nucleotide sequence can differ
by as much as 30% (25). However, the levels of heterogeneity
differ considerably among the various regions of the virus. For
example, sequence variation ranges from as little as 10% in the
59 untranslated region (UTR) to as much as 50% or more
within the E1 region (2, 4).

Further comparison of published sequence data over the
entire HCV genome indicates that the 59UTR of 324 to 341
nucleotides is the most highly conserved region among HCV
strains (3, 14, 23). The high degree of conservation within the
59UTR has made it the target of choice for most reverse
transcriptase (RT)-PCR-based detection assays, including the
Amplicor HCV test (Roche Diagnostic Systems, Inc., Branch-
burg, N.J.) (37). Also, a number of genotyping schemes have
been developed which utilize this region and its component
phylogenetically informative positions for provisional genotype
determination (16, 19, 27, 29–31). Phylogenetic analysis of
sequence information obtained from the 59UTR has been
shown to be consistent with that obtained from other regions
of the virus, including the core, NS-3, NS-4, and NS-5, thus
supporting its use in viral typing (4, 8, 28, 29).

In addition to the determination of the presence or absence
of HCV infection, there has also been increased clinical inter-
est in the genotyping of HCV. These genotyping results can be
useful in viral transmission studies as well as in epidemiological
investigations. Furthermore, in many studies, associations be-
tween viral genotype, interferon responsiveness, the progres-
sion of disease, and the likelihood of developing hepatocellular
carcinoma have been demonstrated (6, 11, 17, 18, 21, 22, 34,
38, 39). Thus, although the basis for these associations is poorly
understood, HCV genotyping is being performed increasingly
in clinical studies of HCV patients. The use of a single ampli-
fication reaction for HCV detection with the potential for
genotype determination from these amplification products is
the most efficient means of genotyping.

In this study, we utilized a commercially available HCV
amplification assay, the Amplicor HCV test, to determine the
presence or absence of HCV RNA in a large patient cohort
from which 669 serum samples were tested. HCV genotyping
of all HCV RNA-positive specimens was attempted by direct
sequencing of the amplification products generated in the de-
tection assay. In addition to these methods, a subset of the
HCV RNA-positive specimens were also subjected to amplifi-
cation and sequence analysis of a 222-bp region within the
NS-5 gene as a means of validating results obtained from the
59UTR (26). Viral load determination was also performed on
all HCV RNA-positive samples as a part of this study.

MATERIALS AND METHODS

Specimens. The samples analyzed in this study were obtained from the Na-
tional Institute of Diabetes and Digestive and Kidney Diseases Liver Transplan-
tation Database (NIDDK LTD), a prospective cohort study of patients evaluated
for liver transplantation at the following three large U.S. transplant centers:
Mayo Clinic Foundation, Rochester, Minn.; University of Nebraska Medical
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Center, Omaha; and the University of California, San Francisco (35). The com-
prehensive results of that study are presented elsewhere by Everhart et al. (10).

A total of 669 frozen serum samples were analyzed as part of our compre-
hensive HCV study performed for the NIDDK LTD. This sample set consisted
of donor as well as pre- and postorthotopic liver transplant serum samples
selected by the NIDDK LTD for analysis and provided to our laboratory in a
blind fashion. In an effort to minimize sample degradation from multiple freeze-
thaw cycles, all samples were thawed on receipt, aliquoted, and stored at 270°C
prior to testing (13).

RNA extraction. (i) 5*UTR extractions. Aliquots, each containing 100 ml of
serum, were thawed and extracted by using a guanidine thiocyanate lysis protocol
with reagents supplied with the Amplicor HCV test kit. RNA was resuspended
in 100 ml of sample diluent in a modification of the Amplicor protocol (33).
Extracts were maintained at room temperature (,3 h) until amplification reac-
tions were assembled and extracts were added. The positive and negative con-
trols supplied with the Amplicor kit were processed in parallel with each batch
of samples in a dedicated extraction area free of amplification products.

(ii) NS-5 extractions. Independent 100-ml serum aliquots were thawed and
extracted by using 1 ml of RNAzol B reagent (Leedo Medical Laboratories,
Houston, Tex.) per specimen. Sample disruption was followed by isopropanol
precipitation of the aqueous phase with 2 ml of pellet paint (Novagen, Madison,
Wis.), an ethanol wash step and, finally, resuspension in 25 ml of RNase-free
water containing 40 U of recombinant RNasin (rRNasin) (Promega, Madison,
Wis.). Extracts were held at 4°C (,3 h) until amplification reactions were as-
sembled. Appropriate positive and negative controls were also processed in
parallel with each batch of samples extracted by this method. These extractions
were also performed in a dedicated extraction area free of amplification products.

RT-PCR amplification. (i) 5*UTR amplification. Nucleotide primer sequences
specific for a 244-bp target located within the 59UTR of the virus were used to
generate amplification products for detection and direct sequence analysis. Com-
bined RT-PCR amplifications were performed by using reagents and protocols
supplied with the Amplicor HCV test kit. Reaction mixtures were assembled in
an amplicon-free work area prior to thermal cycling on a GeneAmp 9600 thermal
cycler (PE Applied Biosystems, Foster City, Calif.).

(ii) NS-5 amplification. Nucleotide primers capable of amplifying a 401-bp
target thought to be highly conserved among various HCV strains were used to
generate amplification products from the NS-5 region for sequence analysis and
genotyping (9). Amplifications were performed by using a combined reverse
transcription-PCR format consisting of a 20-ml reverse transcription reaction
mixture and direct addition of 80 ml of PCR mix, resulting in a final volume of
100 ml. Reverse transcription was performed in a 20-ml reaction mixture con-
sisting of 10 ml of master mix (3.0 mM MgCl2, 13 reverse transcription buffer
[Promega], 1.0 mM [each] deoxynucleoside triphosphate [Roche Molecular Bio-
chemicals, Inc., Indianapolis, Ind.], 2.5 mM antisense primer [59GGC GGA ATT
CCT GGT CAT AGC CTC CGT GAA 39], 20 U of rRNasin [Promega], and 15
U of avian myeloblastosis virus RT [Promega]) and 3 drops of sterile mineral oil,
followed by the addition of 10 ml of RNA extract. Reverse transcription reactions
were set up and performed in an amplicon-free work area under the following
conditions: 42°C for 60 min, 99°C for 5 min, and 5°C for 5 min. Amplification of
HCV cDNA was accomplished through the addition of 80 ml of a PCR master
mix containing 0.81 mM MgCl2, 13 PCR buffer II (PE Applied Biosystems),
13% glycerol, 250 mM dUTP (Roche Molecular Biochemicals, Inc.), 0.625 mM
sense primer (59 TGG GGA TCC CGT ATG ATA CCC GCT GCT TTG A 39),
and 2.5 U of AmpliTaq DNA polymerase (PE Applied Biosystems). The prep-
aration and addition of this second master mix was also performed in an ampli-
con-free work area in order to minimize possible carryover contamination. A
partial dUTP substitution was performed in these amplification reactions to
generate products susceptible to degradation by the enzyme uracil N-glycosylase
yet allow direct sequencing of reaction products. In this study, preamplification
enzymatic degradation was not performed, since no contamination events were
detected. Thermal cycling was performed on a model 480 DNA thermal cycler
(PE Applied Biosystems) under the following conditions: 94°C for 5 min, 50
cycles of 94°C for 1 min, and 58°C for 1 min, followed by a final extension step
at 72°C for 5 min.

Detection. (i) 5*UTR detection. After completion of thermal cycling, 50 ml of
each 100-ml reaction mixture was quickly transferred to a second tube containing
50 ml of chloroform and mixed. This treatment ensures complete inactivation of
uracil N-glycosylase in these aliquots. The aqueous phase was removed from
each tube and stored at 220°C until preparation for direct sequencing could be
completed. The remaining 50 ml of each reaction mixture was denatured in
preparation for detection according to the Amplicor protocol by adding 50 ml of
the denaturation solution provided in the kit. Note that 50 ml of denaturation
solution was used rather than 100 ml, to compensate for the removal of 50 ml of
each reaction mixture for direct sequence analysis. Detection was completed
without further modification of the Amplicor protocol.

(ii) NS-5 detection. Upon completion of thermal cycling, 10-ml aliquots of each
reaction mixture were screened by ethidium bromide agarose gel electrophoresis
(2% SeaKem agarose; FMC Bioproducts, Rockland, Maine) to determine suit-
ability for sequence analysis. Only those reaction mixtures demonstrating the
presence of the appropriate size amplification product (401 bp) were subjected
to further analysis. Previous experience in our laboratory demonstrated that the
minimum amount of DNA required to produce a visible band by ethidium

bromide staining approximates the quantity required to generate direct sequenc-
ing products, thus supporting the use of this screening method.

Direct sequencing. (i) 5*UTR sequencing. Frozen aliquots of all Amplicor-
positive reaction mixtures were thawed and processed in batches. Direct se-
quencing was performed as follows. Six microliters of crude PCR product was
digested for 30 min at 37°C by using 1 U of shrimp alkaline phosphatase (Am-
ersham Life Sciences, Inc., Cleveland, Ohio) and 10 U of Exonuclease I (Am-
ersham Life Sciences, Inc.), followed by heat inactivation at 80°C for 15 min (15,
36). This treatment was performed to eliminate excess deoxyribonucleotides and
amplification primers prior to the dye terminator cycle sequencing. Cycle se-
quencing reactions were completed with the addition of 2 ml (3.2 pmol) of
internal antisense sequencing primer (59 AGT ACC ACA AGG CCT TTC 39 or
59 ACC ACA AGG CCT TTC GC 39), 2 ml of RNase-free water, and 8 ml of dye
terminator premix included in the dye terminator cycle sequencing ready reac-
tion kit (PE Applied Biosystems). Thermal cycling was performed on a Gene-
Amp 9600 thermal cycler (PE Applied Biosystems) by using the following pro-
tocol: 96°C for 10 s, 50°C for 5 s, and 60°C for 4 min, for a total of 25 cycles,
followed by a 4°C soak. Completed reaction mixtures were passed through a
CentriSep gel filtration spin column (Princeton Separations, Adelphia, N.J.) to
remove excess dye terminators. Purified reaction mixtures were vacuum dried
and reconstituted in 25 ml of template suppression reagent (PE Applied Biosys-
tems) prior to analysis on an ABI Prism 310 genetic analyzer (PE Applied
Biosystems), the sequencing platform routinely used in our clinical laboratory.

(ii) NS-5 sequencing. Aliquots of all reaction mixtures demonstrating a band
of the appropriate size were further analyzed by direct sequencing. Crude PCR
products were processed in batches by using the same methods as previously
described for 59UTR products. However, reactions were set up by using the
sense-specific amplification primer (59 TGG GGA TCC CGT ATG ATA CCC
GCT GCT TTG A 39) as the sequencing primer. Analysis of these reactions was
performed with an ABI 377 genetic analyzer (PE Applied Biosystems), the
sequencing platform routinely used in our research laboratories.

Sequence analysis. (i) 5*UTR analysis. The resulting sequence data were
analyzed with the aid of ABI Sequence Navigator software version 1.0.1. All
ambiguous base calls were reviewed, and the overall quality of the sequence
information was assessed. Once these steps were completed, multiple sequence
alignments were generated by using the Sequence Navigator software. Genotype
determinations were based upon the comparison of sequence information from
seven distinct informative regions found within the 59UTR to a previously pub-
lished database (31, 32). The informative regions include R1 (nucleotides 2240
to 2233), R2 (nucleotides 2167 to 2155), R3 (nucleotides 2147 to 2142), R4
(nucleotides 2138 to 2132), R5 (nucleotides 2128 to 2118), R6 (nucleotides
2100 to 292), and R7 (nucleotides 281 to 270). Unique sequence patterns
located within these informative regions were used to assign either a genotype
and subtype or a genotype without a subtype designation if the subtype was not
clearly distinguishable. Assignments were based upon the methods and limita-
tions described by Stuyver et al. (31). The following genotype and subtype
designations were used in this study: 1a, 1b, 1, 2a/2c, 2b, 2, 3a, 3b, 3, 4a, 4b, 4c/4d,
4e, 4f, 4h, 4, 5a, 5, 6a, and 6.

(ii) NS-5 analysis. The resulting sequence data from the NS-5 region were
reviewed for overall quality prior to comparison with previously described con-
sensus reference sequences (26). These 222-bp consensus sequences are repre-
sentative of each of the following genotypes: 1a, 1b, 1c, 2a, 2b, 2c, 3a, 3b, 4a, 5a,
and 6a. Sequence analysis was performed with the aid of the FASTA algorithm
of the Wisconsin package (12), and provisional genotype assignments were based
upon percent identity scores generated by using this program. The percent
identity scores used to define a specific subtype match were 88 to 100%. Scores
used for the differentiation of subtypes within a single genotype ranged from 74
to 86%, while the scores used to distinguish between unique genotypes ranged
from 56 to 72% (26). This provisional classification scheme has been validated by
formal phylogenetic analysis of multiple HCV strains (26).

Phylogenetic analysis. Phylogenetic analysis of a 196-bp segment (nucleotides
2256 to 270) of the 59UTR was performed on a subset of the sequences
generated in this study. Included in this analysis were 16 prototype sequences
obtained from GenBank. The prototype sequences used are presented here
along with their designations and GenBank accession numbers as follows: 1a,
HCV1 (M62321); 1b, HCVJ (D90208); 2a, HC J6 (D00944); 2b, HC J8
(D01221); 2c, HC J5 (D10075); 3a, Th85 (D14307); 3b, HPCENCR (D11443);
3c, NE048 (D16612); 4a, Z4 (M84848); 4b, Z1 (M84845); 4c, Z6 (M84862); 4d,
DK13 (M84832); 4e, Z5 (M84828); 4f, Z8 (M84829); 5a, SA1 (M84860); and 6a,
HK2 (M84827). The complete 59UTR sequence of the 4h prototype (GB438)
was not available from GenBank and therefore was not included in this analysis.

The analysis of these sequences was performed using the Molecular Evolu-
tionary Genetics Analysis (MEGA) computer program, version 1.01 (20). Both
the unweighted pair group method with arithmetic means (UPGMA) described
by Sneath and Sokal (29a) and the neighbor-joining method of Saitou and Nei
(24a) were used to construct trees depicting the relationships between sequences
generated from the 59UTR and the prototype sequences. In each case, the
Jukes-Cantor algorithm was used to estimate the number of nucleotide substi-
tutions between sequences. The branching of both trees was tested by bootstrap
analysis (500 replicates).

Viral quantitation. Independent aliquots of all serum specimens demonstrat-
ing a positive Amplicor HCV result were thawed, and viral load determinations
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were performed by using the Quantiplex HCV RNA 2.0 assay (Chiron Diagnos-
tics, Emeryville, Calif.) according to the manufacturer’s directions.

RESULTS
Direct sequence analysis of the HCV 5*UTR and correlation

with viral titer. A total of 416 of 669 (62.2%) samples tested
positive for the presence of HCV RNA by the Amplicor HCV
test. Performance of the PCR test relative to clinical and se-
rologic criteria has been described elsewhere by Everhart et al.
(10). The amplification products from all positive reactions
were subjected to direct sequencing without further exclusions.
Of these, 372 (89.4%) were successfully sequenced and classi-
fied into 11 distinct types and subtypes. A total of 44 samples
(10.6%) were not classifiable due to the absence of usable
sequence information (42 samples) or to an inability to assign
a genotype based upon the available sequence information (2
samples). Thirty-four of 44 (77%) of the failed sequencing
reactions were disproportionally clustered among those spec-
imens with viral loads of ,0.2 Meq/ml as determined by the
Quantiplex HCV RNA 2.0 assay (Fig. 1). Finally, there were an
additional seven failed sequencing reactions with viral loads of
.0.2 Meq and one in which viral load testing was not per-
formed due to insufficient sample volume (Fig. 1).

Comparison of 5*UTR and NS-5 regions for HCV genotyp-
ing. Of the 372 samples with 59UTR genotyping results, 219
(59%) were also characterized by amplification and sequence
analysis of the NS-5 region. The results of this testing were
compared to the genotyping results obtained from the 59UTR

(Fig. 2). Among these 219 samples, 58 (26.5%) failed to gen-
erate an NS-5 amplification product suitable for sequence
analysis. In 51 (23.3%) of the cases, no NS-5 amplification
products were detectable; 7 (3.2%) samples failed to generate
usable sequence information despite the presence of detect-
able quantities of amplified product. For the 161 remaining
specimens, comparable results were obtained by sequence
analysis of both regions of the viral genome, despite the pres-
ence of a much larger number of phylogenetically informative
positions in the NS-5 region. However, there were several
notable exceptions (Fig. 2). Among those samples classified as
genotype 1a by 59UTR analysis, 80 of 87 (92%) were in agree-
ment with the NS-5 classification, 3 of 87 (3.4%) were discor-
dant, and 4 of 87 (4.6%) were incompletely identified by NS-5
analysis. Comparison of samples classified as genotype 1b by
59UTR analysis indicated that 36 of 48 (75%) of the samples
were in agreement with the NS-5 classification, while 12 of 48
(25%) were discordant; all of the discrepant specimens were
classified as 1b by 59UTR analysis but as type 1a by NS-5
classification. Finally, among those samples classified as geno-
type 4c/4d by the 59UTR analysis, 2 of 4 were discordant, while
the other two samples were incompletely identified by NS-5
analysis.

Phylogenetic analysis of the 5*UTR from a subset of speci-
mens. Representative 59UTR sequences obtained from 77
specimens were selected for phylogenetic analysis. These se-
quences were chosen from the data presented in Fig. 2 and
divided into two groups (type 1 versus non-type 1) prior to the

FIG. 1. Comparison of 59UTR genotype classifications and viral titers as determined by the Chiron Quantiplex HCV RNA 2.0 assay. The results of the direct
sequencing and genotype classification are indicated on the left, while viral quantitations are expressed in Meq/ml (1 Meq 5 106 viral equivalents) across the top of
the chart. Quantitative results were grouped into five distinct ranges as indicated, and the specimen totals for each quantitative range are indicated under the
appropriate columns. The quantitative range of the Quantiplex HCV RNA 2.0 assay extends from 0.2 to 120 Meq/ml.
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analyses. The first analytical set consisted of 47 sequences
which included (i) 12 representative sequences from the 80
sequences concordantly identified as genotype 1a by both
methods, (ii) 3 sequences identified discordantly as genotype
1a (via 59UTR) versus 1b (via NS-5), (iii) 12 sequences iden-
tified discordantly as genotype 1b (via 59UTR) versus 1a (via
NS-5), (iv) 12 representative sequences from a group of 36
identified as genotype 1b by both methods, and (v) 8 sequences
which could not be subtyped by one or both methods used.
Prototype sequences for genotypes 1a and 1b were also in-
cluded in these analyses. The second analytical set consisted of
120 sequences identified as a genotype other than type 1 by the
59UTR classification method. This subset of sequences was
further restricted to those obtained from specimens which

were also analyzed by the NS-5 methods (Fig. 2). A total of 30
sequences were included in this group, including 8 sequences
which could not be definitively classified by NS-5 amplification
or sequencing. The latter were included in the analysis because
of the relatively small number of sequences available from
these genotype groups. Prototype sequences of genotypes 2a,
2b, 2c, 3a, 3b, 3c, 4a, 4b, 4c, 4d, 4e, 4f, 5a, and 6a were included
in the phylogenetic analysis of the second set.

Both UPGMA and neighbor-joining methods were used to
analyze these sets of sequences. In the analysis of the second
analytical set (non-type 1 sequences), the sequences cosegre-
gated with the type strains by both analytical methods; statis-
tical support of the branching order was provided by bootstrap
analysis in which viral types and, to a lesser extent, subtypes

FIG. 2. Comparison of 59UTR and NS-5 genotyping. The 59UTR genotyping classifications are indicated on the left, while the NS-5 genotyping classifications are
presented horizontally above each section. The number of specimens which failed to amplify by the NS-5 protocol or failed to generate sequencing data are also
indicated along with those not tested by the NS-5 protocol. The totals for each column are indicated.
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were supported in .50% of bootstrap replicates (data not
shown). In contrast, similar analysis of type 1 sequences pro-
vided generally good separation of subtypes 1a and 1b (with
the exceptions previously noted), but none of the bootstrap
analyses reached the 50% level of support (data not shown).
This was the result of the small number of phylogenetically
informative positions found within the 59UTR. While the boot-
strap analyses do not strongly support the branching of these
phylogenetic trees, the cosegregation of sequences along with
well-characterized prototype sequences does provide support
of genotype assignment based upon the 59UTR, and these
results were usually corroborated by the NS-5 sequence analysis.

Nucleotide sequence accession numbers. The sequences ob-
tained from these 77 samples have been deposited into Gen-
Bank under accession no. AF141981 to AF142057.

DISCUSSION
Our experience with direct sequence analysis of the Ampli-

cor HCV PCR product indicates that this approach is an effi-
cient means of genotyping HCV. It does not require an addi-
tional specimen-processing step and utilizes products obtained
from a single, nonnested amplification reaction, thus eliminat-
ing the delays and expense involved in performing additional
amplifications. In addition, the direct sequencing of amplifica-
tion products provides more detailed sequence information
than genotyping assays based upon either hybridization or re-
striction analysis. This additional information could prove to
be quite useful in the detection of novel viral types, several of
which may have been already observed in this and other studies
(31).

Using this method, we were able to successfully sequence
and classify 89.4% of those 416 specimens demonstrating a
positive HCV RNA test result. Of those 44 of 416 (10.6%)
HCV RNA-positive specimens which could not be classified
based on the 59UTR, the majority corresponded to low-titer
specimens as determined by the Chiron Quantiplex HCV RNA
2.0 assay (Fig. 2). Despite the fact that there were detectable
levels of amplification products found in these reactions, these
results suggest the lack of sufficient quantities of amplified
material as the primary cause of direct sequencing failure. In
turn, the most likely explanation for lack of amplification prod-
ucts is limited quantities of viral RNA present in the original
specimen. We could have performed nested amplification to
generate sufficient product for sequencing, but this procedure
would add delays, expense, and the risk of carryover contam-
ination to the procedure (24). Ultimately, we decided against
further amplification, since the sensitivity of the procedure
already exceeded that of the NS-5 sequencing protocol (see
below).

We attempted to minimize the occurrence of failed or un-
interpretable sequencing reactions through the use of the same
amplification target for both detection and genotyping. Com-
pared to the current 59UTR protocol, NS-5 amplification, anal-
ysis, and sequencing demonstrated a high failure rate. Failure
rates for NS-5 amplification and genotyping were found to be
26.5% higher than those established for the 59UTR, a total of
58 of 219 specimens which were tested by both methods. This
discrepancy is likely due in large part to a reduction in ampli-
fication efficiency resulting from differential primer binding
efficiencies. Although the primers utilized in the NS-5 ampli-
fications are thought to bind highly conserved sequences (9,
26), primer-target mismatching within this region is still likely
because of inherently high sequence variability. In our experi-
ence, PCR amplifications targeting the 59UTR are consistently
more likely to detect HCV, consistent with the data presented
in this study. Viral quantitation data also suggest a correlation

between low viral titer and failure to amplify or generate usable
sequence information from the NS-5 region (data not shown).

Disadvantages of genotyping schemes based on the 59UTR
may also ironically be related to its high sequence conserva-
tion. Although amplification and genotyping of HCV based
upon the 59UTR appears to be quite sensitive and efficient, the
higher level of conservation found within this region can make
discrimination of all genotypes and subtypes difficult (25, 29,
32). In fact, genotypes 7, 8, and 9 cannot reliably be distin-
guished from genotype 1 based upon the 59UTR and would
therefore be misclassified as genotype 1 if this region alone was
used for classification (31). In other situations, subtype distinc-
tions cannot be made; such is the case between subtypes 2a and
2c. There are also examples in which only one or two minor
nucleotide changes distinguish unique subtypes. An example of
this situation is illustrated by the minor differences seen in the
59UTR sequences of subtypes 1a and 1b. A single base change
at position 299 (A/G) is the only change within the 59UTR
differentiating these two subtypes, thus leading to poor statis-
tical support for their discrimination by phylogenetic analysis
of this region alone (data not shown). In addition, based on
analysis of other regions, it has been shown that this nucleotide
difference is not absolute, and interpretations based upon this
nucleotide position (299) can lead to errors in the determina-
tion of viral subtype (25, 29, 31, 32). The occurrence of both
type 1a and 1b variants was supported by the results of this
study. We found that 3 of 87 (3.4%) of the subtype 1a speci-
mens were actually subtyped as 1b by NS-5 sequence analysis,
while 12 of 48 (25%) of the subtype 1b specimens were shown
to contain subtype 1a sequences by NS-5 analysis. Another
possible explanation for these results could have been prefer-
ential amplification of different subtypes from a mixed popu-
lation. However, the clarity of the NS-5 sequencing data ob-
tained from these samples suggests the presence of single viral
subtypes (data not shown). Finally, although other studies have
suggested that viral recombination appears to be a rare occur-
rence in HCV (4, 8, 28, 29), further sequencing studies of these
isolates could provide evidence for recombination in these
specimens.

Despite the inability to completely resolve all existing HCV
genotypes and subtypes, the use of this 59UTR genotyping
method provided a sensitive and efficient means of HCV geno-
typing in a clinical setting, especially in light of studies which
show that the clinically relevant distinction is between geno-
type 1 and non-type 1 (7). The use of a commercially available
59UTR assay designed for the detection of HCV in clinical
specimens provides the user with a sensitive, standardized am-
plification protocol specifically designed for large-volume test-
ing and rapid turnaround time. In addition to these features,
this method utilizes uracil N-glycosylase as an amplicon car-
ryover prevention method. Together with the use of dedicated
work areas and a nested sequencing primer, this method pro-
vides a reliable means of carryover control in a high-volume
testing facility and still provides an acceptable template for
direct sequence analysis. For these reasons, in addition to
those mentioned above, we have adopted the 59UTR direct
sequencing approach to HCV genotyping as our routine diag-
nostic procedure.
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