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Hepatitis C virus (HCV) genotype 4 (HCV-4) infection is considered to be difficult to treat and has become
increasingly prevalent in European countries, including The Netherlands. Using a molecular epidemiological
approach, the present study investigates the genetic diversity and evolutionary origin of HCV-4 in Amsterdam,
The Netherlands. Phylogenetic analysis of the NS5B sequences (668 bp) obtained from 133 patients newly
diagnosed with HCV-4 infection over the period from 1999 to 2008 revealed eight distinct HCV-4 subtypes; the
majority of HCV-4 isolates were of subtypes 4d (57%) and 4a (37%). Three distinct monophyletic clusters were
identified, with each one having a specific epidemiological profile: (i) Egyptian immigrants infected with
HCV-4a (n � 46), (ii) Dutch patients with a history of injecting drug use infected with HCV-4d (n � 44), and
(iii) Dutch human immunodeficiency virus (HIV)-positive men who have sex with men (MSM) infected with
HCV-4d (n � 26). Subsequent molecular clock analyses confirmed that the emergence of HCV-4 within these
three risk groups coincided with (i) the parenteral antischistosomal therapy campaigns in Egypt (1920 to
1960), (ii) the popularity of injecting drug use in The Netherlands (1960 to 1990), and (iii) the rise in high-risk
sexual behavior among MSM after the introduction of highly active antiretroviral therapy (1996 onwards). Our
data show that in addition to the influx of HCV-4 strains from countries where HCV-4 is endemic, the local
spread of HCV-4d affecting injecting drug users and, in recent years, especially HIV-positive MSM will further
increase the relative proportion of HCV-4-infected patients in The Netherlands. HCV-4-specific agents are
drastically needed to improve treatment response rates and decrease the future burden of HCV-4-related
disease.

Hepatitis C virus (HCV) affects an estimated 170 million
people worldwide. HCV infection persists in 50 to 85% of
those infected and can, over decades, lead to cirrhosis and
hepatocellular carcinoma (11). The HCV genome displays
considerable sequence divergence, and HCV variants have
been classified into seven major genotypes. Genotypes 1, 2, 3,
4, and 6 are further subdivided into numerous subtypes (sub-
types a, b, c, etc.) (27). In the absence of complete genome
sequences, the designation of a subtype is based mainly on
consensus regions in the core/E1 and NS5B regions of the
HCV genome (27). The HCV genotype distribution depends
on the geographical region and the mode of transmission. As
the distribution of HCV genotypes can change over time, geno-
typing provides a powerful tool that may be used to investigate
the spread of HCV within a community (18).

In Europe, North America, and Australia, most HCV-in-
fected patients (�80%) are infected with genotype 1, 2, or 3

(10). HCV genotype 4 (HCV-4) is the most common genotype
in the Middle East and in northern and central Africa, ac-
counting for more than 20% of all chronic HCV infections
worldwide (28). In Egypt, the country with the highest preva-
lence of HCV in the world, more than 90% of patients are
infected with HCV-4 (22). HCV-4 is considered difficult to
treat and has a sustained virological response rate of approx-
imately 60% (28), where the rates are 40 to 50% for genotype
1 and 80 to 90% for genotypes 2 and 3 (17).

Recent studies emphasize that the prevalence of HCV-4 in
Europe has increased in the past few decades due to the
immigration of HCV carriers and the subsequent spread of
HCV-4 in European populations at risk for HCV infection (2,
5, 16, 24, 25, 30). In southern Europe, HCV-4 is responsible for
10 to 24% of chronic HCV infections. In The Netherlands,
HCV-4 accounts for an estimated 10% of chronic HCV infec-
tions (6, 32). Currently, the development of new genotype-
specific antiviral agents is focused mainly on HCV genotype 1.
The emergence of HCV-4 may require agents specific for
HCV-4 to improve the response rates and decrease the future
burden of HCV-4 disease. The population of the region
around Amsterdam, The Netherlands, comprises many eth-
nicities and diverse groups at risk for HCV infection, providing
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the opportunity to explore changes in the epidemiology of
HCV-4. The aim of the study described here was to increase
our understanding of the spread of HCV-4 in The Netherlands
by using a molecular epidemiological approach. To our knowl-
edge, this is the second study to have used phylogenetic anal-
ysis of HCV-4 isolates from a large cohort to investigate the
genetic diversity of HCV-4 in Europe (14) and the first to
include evolutionary analysis to describe the origin and spread
of these subtypes.

MATERIALS AND METHODS

Study population. The participants included all patients who were diagnosed
with HCV-4 infection at the hepatology ward of the Academic Medical Center
(AMC) from 1999 through 2008, as well as persons who were found to be HCV-4
positive at the Amsterdam Health Service (AHS). All AHS participants were
part of surveys performed to monitor the general population or specific risk
groups for the presence of sexually transmitted and blood-borne infections. AHS
establishes the HCV genotype using an in-house PCR targeting the HCV core
region (33). AMC uses a commercial 5� untranslated region-based HCV geno-
typing assay (Trugene 5�NC; Genelibrarian module 3.1.2; Bayer Healthcare,
Berkeley, CA). For this study, we collected data on the age, country of birth,
human immunodeficiency virus (HIV) infection status, and plausible route of
HCV transmission for each HCV-4-infected patient.

RNA isolation, reverse transcription, and PCR. RNA was isolated from the
first RNA-positive serum sample obtained from each patient by using 200 �l
serum and a MagNa Pure total nucleic acid extraction kit (Roche Diagnostics,
Almere, The Netherlands). HCV RNA was eluted in 100 �l of TE (Tris-EDTA)
buffer and was subsequently transcribed to cDNA as described by Beld et al. (3).
This cDNA was used as the input for two separate PCR assays targeting the HCV
nonstructural 5B (NS5B) region, which resulted in the amplification of two
overlapping NS5B fragments with a total length of 669 bp. Sera and RNA isolates
were stored at �80°C.

NS5B PCR 1. NS5B fragment 1 (338 bp, nucleotides 7938 to 8275) was
amplified by a single-round PCR assay, as described by Murphy et al. (13). In
brief, 12.5 �l of cDNA was added to a 12.5-�l reaction mixture containing 1�
PCR �� buffer; 200 �mol/liter each of dATP, dCTP, and dGTP plus 400 �mol/
liter dUTP; 0.1 �g/�l bovine serum albumin; 0.9 �M sense primer (5�-TATGA
YACCCGCTGYTTTGACTC-3�); 0.9 �M antisense primer (5�-TAYCTVGTC
ATAGCCTCCGTGAA-3�); 0.5 U uracil N-glycosylase; and 2.5 U Amplitaq
Gold (Applied Biosystems, Nieuwerkerk a/d IJssel, The Netherlands). The final
MgCl2 concentration was 2.5 mM. The PCR cycling conditions were 5 min at
95°C, followed by 45 cycles, with each cycle consisting of 30 s at 95°C, 30 s at
55°C, and 60 s at 72°C, plus a final period of incubation of 10 min at 72°C.

NS5B PCR 2. NS5B fragment 2 (436 bp, nucleotides 8206 to 8642) was
amplified by a nested PCR assay, as described by van de Laar et al. (33). The
composition of the reaction mixture and the cycling conditions were identical to
those described above, except some modifications were made so that 3 �l cDNA
instead of 3 �l RNA could be used as the input for the first-round PCR. In the
second-round PCR, we used only the reaction mixture containing HCV-4 geno-
type-specific primers 4HCV-IS (5�-CTGAGAGACTGCACSATGYTGGT-3�)
and E1b (5�-AATGCGCTRAGRCCATGGAGTC-3�).

Sequencing and phylogenetic analysis. The sequencing reactions were per-
formed as described earlier (33). The viral genotype was confirmed by phyloge-
netic analysis of the NS5B sequences obtained, in which the sequences were
compared with established reference sequences in the GenBank database (27).
Phylogenetic trees were constructed by the maximum-likelihood approach im-
plemented in PHYML software (9). Evolutionary model selection was per-
formed after comparison of the corrected Akaike information criterion scores of
various models by using PHYML software and the MrAIC script (15). The
Hasegawa-Kishino-Yano substitution model with a � distribution of among-site-
rate heterogeneity (HKY-�) provided the best fit and was subsequently used.
The statistical robustness of the phylogenetic trees was tested by bootstrapping
with 1,000 replicates (bootstrap values of 70% were used as a cutoff point for
cluster analysis; only branching with a bootstrap value of �70% was defined as
robust clustering). For each HCV cluster, we estimated the year of origin of the
most recent common ancestor (TMRCA) using a molecular clock approach,
which places the phylogenetic history of HCV onto a timescale of months and
years. On the basis of previous estimates, the inferred rate of nucleotide evolu-
tion of our NS5B sequences was 5.0 � 10�4 (18). The year of origin for each

cluster was subsequently calculated by using an HKY model with a variable rate
for each codon position, as implemented in the Tipdate program (21).

Statistical analysis. Differences in epidemiological characteristics between
HCV-4-positive patients allocated to phylogenetically distinct HCV-4 clusters
were tested by the 	2 test in the case of sex, country of birth, most plausible route
of HCV transmission, and HIV infection status and by analysis of variance in the
case of age. The STATA statistical software package (StataCorp, College Sta-
tion, TX) was used.

Nucleotide accession numbers and reference sequences. The sequences re-
ported in this study have been submitted to the GenBank database and can be
retrieved under accession numbers FJ807047 through FJ807168.

The GenBank accession numbers of the full-genome reference sequences used
to determine the HCV genotype were as follows: Y11604 (subtype 4a), FJ462435
(subtype 4b), FJ462436 (subtype 4c), DQ516083 (subtype 4d), EU392175 (sub-
type 4f), FJ462432 (subtype 4g), EU392171 (subtype 4k), FJ839870 (subtype 4l),
FJ462433 (subtype 4m), FJ462441 (subtype 4n), FJ462440 (subtype 4o),
FJ462431 (subtype 4p), FJ462434 (subtype 4q), FJ462439 (subtype 4r), and
FJ839869 (subtype 4t). The GenBank accession numbers of the reference se-
quences of the HCV subtypes omitted from the list above were available only for
NS5B fragment 1 and are as follows: L29590 (subtype 4e), L29611 (subtype 4h),
L36437 (subtype 4i), and L36438 (subtype 4j).

RESULTS

Study population. A combined search of the AMC and AHS
databases identified 135 patients infected with HCV-4: 65 who
had attended AMC, 48 who had attended AHS, and 22 who
had attended both institutions. Two patients who had attended
AMC were excluded when amplification and sequencing of the
NS5B region revealed that they were infected with subtypes 1b
and 1g. As shown in Table 1, the remaining 133 HCV-4-in-
fected patients had a median age of 43 years (interquartile
range [IQR], 36 to 48 years), 85% were male, 50% were born
in Europe, and 28% were coinfected with HIV. The predom-
inant underlying risk factors for infection were birth in a coun-
try where HCV is endemic (mostly Egypt and countries in
Africa) (37%), injecting drug use (IDU; 32%), and high-risk
sexual behavior (21%).

Reverse transcription-PCR, sequencing, and genotyping.
Sera were available from 123/133 (93%) patients. Amplifica-
tion and sequencing of NS5B fragment 1 succeeded in 119/123
(94%); the remaining 4 patients had HCV loads below 1,000
IU/ml. NS5B fragment 2 was obtained from 120/123 (98%)
patients. Failure in one sample was due to a low viral load
(
1,000 IU/ml), and in two samples, failure was most likely
due to subtype-specific (HCV-4o and an unrecognized HCV-4
subtype) mutations at the primer locus. For four patients for
whom serum samples were lacking, HCV NS5B fragment 2
sequencing data were available from an earlier study (31).

In total, the combined HCV NS5B fragment was obtained
from 117/133 patients. Moreover, sequence data for at least
one NS5B fragment were available for 126/133 patients. HCV
genotyping of these 126 partial HCV NS5B sequences revealed
eight distinct HCV-4 subtypes. The vast majority of patients
were infected with HCV subtypes 4d (n � 71; 56%) and 4a
(n � 46; 37%). The isolates from the remaining nine patients
(6%) belonged to subtypes 4 h (n � 1), 4k (n � 2), 4n (n � 1),
4o (n � 1), 4r (n � 3), and a subtype not previously recognized
(n � 1).

Phylogenetic analysis. Phylogenetic trees were constructed
for the HCV NS5B fragments combined and separately for
fragment 1 and fragment 2. Figure 1 shows the HCV-4 phy-
logeny of the NS5B fragments combined. It represents the
results for 117 HCV-4-infected patients and their assumed
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mode of HCV transmission, plus the results for 15 available
HCV reference sequences. Phylogenetic analysis revealed
three monophyletic clusters (bootstrap value, �70) containing
116/126 (92%) HCV-4-infected patients for whom a partial
NS5B sequence was available. Table 2 summarizes the epide-
miological characteristics of these patients according to the
phylogenetic cluster to which they were allocated. The clusters
were significantly different by sex, country of birth, HIV infec-
tion status, and plausible route of transmission (P 
 0.001) but
not by age (Table 2). Clearly, each cluster was linked to a
specific epidemiological profile: immigrants from Egypt (clus-
ter 1 [C1]), individuals reporting IDU (C2), and HIV-positive
men who have sex with men (MSM) (C3).

The largest cluster, C1, contained 46 sequences of HCV
subtype 4a. The vast majority of the patients in this cluster
were male (96%), of Egyptian descent (70%), and presumed to
be HIV negative (91%). Within this so-called Egyptian cluster,
phylogenetic analysis revealed one subcluster (C1a) of isolates
from nine patients of non-Egyptian descent: six patients re-
porting IDU (four of them Dutch), two Dutch hemophiliacs,
and one patient from Pakistan for whom information on the
mode of transmission was missing. In addition, we identified a

pair (C1b) of highly similar HCV-4a strains. These two strains
were obtained from a female sex worker born in Suriname and
a heterosexual HIV-positive Egyptian male who reported com-
mercial sex contacts in The Netherlands.

Both C2 and C3 contained sequences of HCV subtype 4d.
C2 comprised isolates from 44 patients; the majority were male
(73%), reported IDU as the primary risk factor for HCV
transmission (80%), and were of European descent (77%). In
C2, 18% of the patients were coinfected with HIV. C3, which
was actually a robust subcluster of C2, consisted of 26 se-
quences obtained from MSM who were diagnosed with acute
HCV infection in The Netherlands after the year 2000. HIV-
HCV coinfection was present in 24/26 (92%) of the MSM in
C3; 1 MSM without HIV infection reported needle sharing
during ketamine use and was therefore allocated to the IDU
risk category.

In addition to these three clusters, phylogenetic analysis
identified 10 unique unrelated isolates, all of which were from
immigrants from areas in Africa or the Middle East where
HCV is highly endemic. The median age of these 10 patients
was 48 years (IQR, 38 to 60 years); 7 of them were male and 1
was coinfected with HIV. The isolates included three strains of
HCV-4r (Somalia, Ethiopia); two strains of HCV-4k (Kenya,
Rwanda); and one strain each of HCV-4d (Eritrea), HCV-4h
(Democratic Republic of Congo), HCV-4n (Egypt), HCV-4o
(Egypt), and a subtype not previously recognized (Egypt).

To gain additional insight into the spread of HCV-4 over
time, we used a molecular clock approach to estimate the year
of origin of TMRCA for each of the HCV-4 clusters identified
(Table 3). For C1, TMRCA was traced back to 1881 (95%
confidence interval [CI], 1833 to 1912), with 42/43 (98%)
strains sharing one ancestor after 1909. Viral spread was re-
flected by the temporal distribution of lineage splits in each
cluster. Within C1, 28/42 (67%) lineage splits occurred over
the period from 1920 to 1955. Virtually no spread occurred
after 1980, suggesting that cluster 1 reflects a random sample
of HCV-4a strains imported by immigrants who acquired their
infections in Egypt.

In contrast, the majority of patients infected with HCV-4d
(C2 and C3) were of Dutch origin. Evolutionary analysis sug-
gests the introduction of HCV-4d in Europe in 1954 (95% CI,
1936 to 1965). However, the exclusion of patients 7, 28, 55, 69,
and 81, all of whom were born and/or infected in Italy or Spain
and who represent old single branches within C2, suggests that
HCV-4d was introduced in southern Europe before it reached
The Netherlands somewhat later. On the basis of the temporal
distribution of the lineage splits, 70% of the spread of HCV-4d
strains among Dutch individuals reporting IDU occurred be-
fore 1980, and 90% occurred before 1990. The two percentages
indicate a withdrawing epidemic, for which rapid transmission
occurred in the past but for which the current incidence is low.
MSM C3 originated from the same HCV-4d strain circulating
among individuals reporting IDU, probably in about 1985
(95% CI, 1977 to 1989). However, C3 could be further subdi-
vided into three distinct subclusters (C3a, C3b, C3c) that var-
ied in origin from 1992 to 1997. The temporal distribution of
the lineage splits of C3 suggests the rapid and ongoing trans-
mission of HCV-4d among MSM, as 90% of the lineage splits
occurred after 1990 and even 57% occurred after 2000.

TABLE 1. Epidemiological characteristics of study populationa

Characteristic No. of
patients

% of
patients

Sex
Female 20 15.0
Male 113 85.0

Ethnic origin
Dutch 52 39.1
European 14 10.5
Egyptian 39 29.3
African 10 7.5
Other 12 9.0
Unknown 6 4.5

Risk factors
IDU 43 32.3
High-risk sexual behavior 27 20.3
Transfusion 4 3.0
Birth in a country where HCV

is endemic
49 36.8

Unknown 10 7.5

HIV coinfection
Positive 37 27.8
Negative 75 56.4
Not tested 21 15.8

HCV-4 subtype
4a 46 34.6
4d 71 53.4
4h 1 0.8
4k 2 1.5
4n 1 0.8
4o 1 0.8
4r 3 2.3
4 (unrecognized subtype) 1 0.8
No PCR fragment 7 5.3

Total 133 100.0

a The median age of the subjects was 43 years (IQR, 36 to 48 years).
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FIG. 1. HCV phylogenetic tree (combined NS5B fragments) and clustering of patients diagnosed with HCV-4 infection in the Amsterdam
region. The risk factors allocated for each patient are listed opposite each sequence: born in Egypt (�), born in other areas where HCV is endemic
area (A), IDU (F), high-risk sexual behavior of MSM (ƒ), blood transfusion in Europe before 1991 (�), and other or unknown (�).
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DISCUSSION

The distribution of HCV-4 in the Amsterdam area showed a
large phylogenetic diversity, with a total of eight subtypes (sub-
types 4a, 4d, 4h, 4k, 4n, 4o, and 4r and an unrecognized sub-
type) being identified by phylogenetic analysis of the NS5B
region. However, two subtypes, HCV-4a and HCV-4d, ac-
counted for 93% of the HCV-4 infections in our population.
Phylogenetic analysis revealed three distinct HCV-4 clusters,
one of subtype 4a and two of subtype 4d, each of which had
a specific epidemiological profile. We consider strains of

HCV-4a to be imported, and they were found mainly among
Egyptian immigrants who were infected in their home country.
On the other hand, HCV-4d has become endemic in The
Netherlands and circulates among individuals reporting IDU
and HIV-positive MSM. Infections with all other HCV-4 sub-
types were linked to immigrants from Africa and the Middle
East.

The first epidemiological profile consists of immigrants from
the Middle East and Africa, mainly Egyptian immigrants in-
fected with HCV-4a in their home country. In the Amsterdam
region, HCV-4a accounts for at least 35% of all HCV-4 infec-
tions. Egypt has the highest prevalence of HCV infections
in the world due to the use of unsterile equipment during mass
treatment of the population with parenteral antischistosomal
therapy from the 1920s to the 1980s (7). Approximately 90% of
Egyptian isolates belong to HCV-4a (22). Earlier analyses of
the NS5B region of Egyptian HCV-4a isolates suggest that
TMRCA existed 115 years ago (22), and due to parenteral
antischistosomal therapy, these preexisting HCV strains un-
derwent rapid exponential growth between 1924 and 1966 (20).
The HCV-4a infections in The Netherlands most likely repre-
sent a random sample of HCV-4a strains imported from Egypt,
given that evolutionary analysis of the HCV-4a strains in The
Netherlands showed a TMRCA of 1881. Moreover, the vast
majority of lineage splits occurred between 1924 and 1966, and
70% of patients were of Egyptian descent. In contrast, 94% of
HCV-4a cases in southwestern France are of French origin,
with IDU most often being reported as the probable mode of
transmission (14). The evolutionary distances among French
HCV-4a isolates are comparable to those observed among
French HCV-4d isolates, suggesting the simultaneous intro-
duction and endemic spread of both subtypes in the French
IDU population. In Amsterdam, we did observe a small sub-
cluster of nine highly related HCV-4a strains, mainly among
Dutch individuals reporting IDU. Hence, in Amsterdam, as in
France, some spillover of HCV-4a to the IDU scene has oc-
curred, either directly through Egyptian immigration or indi-
rectly through the migration of HCV-4a-infected individuals
reporting IDU from regions such as those reported in France
(14). Interestingly, a similar distinction between highly diverse
HCV-4a strains from Egyptian immigrants and a cluster of
highly related strains among individuals reporting IDU was
observed in an urban area near Paris, France (12).

The second risk profile is linked to IDU, which accounts for

TABLE 2. Comparison of epidemiological characteristics of the
patients in the distinct HCV-4 clusters in The Netherlandsa

Characteristic
No. (%) of patients

P value
C1 C2 C3

Sex 
0.001
Female 2 (4) 12 (27) 0
Male 44 (96) 32 (73) 26 (100)

Country of birth 
0.001
The Netherlands 6 (13) 25 (57) 21 (81)
Europe (excluding The

Netherlands)
2 (4) 9 (20) 3 (12)

Egypt 32 (70) 0 (-) 0
Other 4 (9) 7 (16) 2 (8)
Unknown 2 (4) 3 (7) 0

Transmission route 
0.001
IDU 6 (13) 35 (80) 1 (4)
Transfusion 2 (4) 2 (5) 0
Sexual transmission, MSM 0 1 (2) 25 (96)
Sexual transmission, FSWb 1 (2) 0 0
Exposure in a country

where HCV is endemic
34 (74) 0 0

Unknown 3 (7) 6 (14) 0

HIV coinfection 
0.001
Positive 4 (9) 8 (18) 24 (92)
Negative 32 (70) 32 (73) 2 (8)
Not tested 10 (22) 4 (9) 0

Total 46 44 26

a The patients in C1 were infected with HCV-4 subtype 4a, and those in C2
and C3 were infected with HCV-4 subtype 4d. The median ages of the patients
in C1, C2, and C3 were 43 years (IQR, 38 to 48 years), 39 years (IQR, 34 to 45
years), and 41 years (IQR, 36 to 48 years), respectively (P � 0.12).

b FSW, female sex worker.

TABLE 3. Analysis of most recent common ancestor in each cluster

Cluster Genotype No. of
sequences Yr of origin (95% CI)

No. (%)b of lineage splits since:

1980 1990 2000

C1a 4a 43 1881 (1833–1912) 3 (7) 1 (2) 1 (2)
C2 4d 44 1954 (1936–1965) 12 (28) 4 (9) 1 (2)
C2, excluding patients 7, 28,

55, 69, and 81
4d 39 1966 (1952–1974) 12 (32) 4 (11) 1 (3)

C3a 4d 22 1985 (1977–1989) 21 (100) 19 (90) 12 (57)
C3a 4d 12 1992 (1988–1995) 11 (100) 11 (100) 9 (82)
C3b 4d 5 1994 (1989–1997) 4 (100) 4 (100) 0 (0)
C3c 4d 5 1997 (1994–1999) 4 (100) 4 (100) 3 (75)

a Calculations were based on data for patients for whom both PCR fragments were available. For C1, three patients lacked NS5B fragment 1; for C3, four patients
lacked NS5B fragment 1.

b The number of possible lineage splits per cluster (100%) is equivalent to the number of sequences in that cluster minus 1.
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an estimated 70% of newly acquired HCV infections in devel-
oped countries (1). In Europe, the prevalence of HCV-4d
among HIV-HCV-coinfected individuals reporting IDU is rel-
atively high, ranging from 7% in northern Europe to 24% in
southern Europe (30). During the period from 1985 to 2005,
approximately 10% of newly acquired HCV infections among
individuals reporting IDU in Amsterdam were HCV-4, and
virtually all were HCV-4d (34). The extent of homogeneity
between HCV-4d strains across Europe suggests that genotype
4d entered the southern European IDU population relatively
recently through just one or a few introductions (30). Liberal
drug use legislation makes The Netherlands attractive to for-
eign individuals reporting IDU, whose movement within Eu-
rope could have brought HCV-4d to the Amsterdam region.
Our evolutionary analysis of HCV-4d infections in Amsterdam
indicates that HCV-4d entered the European IDU population
as early as 1954, effectively spreading in the Amsterdam area
since the 1960s. It followed the introduction and exponential
growth of HCV-1a and HCV-3a, traditionally associated with
IDU, which entered the European IDU population in the first
half of the 20th century (19). Over the last two decades, the
incidence of HCV infection among Dutch individuals report-
ing IDU has declined drastically, from 27.5/100 person years in
the late 1980s to approximately 2/100 person years after 2000
(36), mainly due to decreased IDU combined with an effective
harm reduction strategy in The Netherlands (35). This major
decline is confirmed by the temporal distribution of the
HCV-4d lineage splits that we found among individuals in
Amsterdam reporting IDU: only 3/42 splits occurred after
1980. Nevertheless, the presence of chronic HCV carriers in
The Netherlands and the less profound declines in the rates of
HCV transmission among individuals reporting IDU in other
European countries keep the prevalence of HCV infection
high among individuals reporting IDU, varying from 50% in
The Netherlands to 90% elsewhere in Europe (23, 36).

The third risk profile, also caused by HCV-4d, consists of
MSM, nearly all of whom are coinfected with HIV. HCV is
emerging as a sexually transmitted infection (STI) and is rap-
idly affecting increasing proportions of HIV-positive MSM in
Europe (4, 8, 26, 29, 31). According to anonymous surveys
conducted in 2007 and 2008, 15 to 21% of HIV-positive MSM
attending the STI clinic in Amsterdam were coinfected with
HCV, whereas the estimate was 1 to 4% before the year 2000
(29). Most of these HCV infections relate to permucosal risk
factors in the context of (traumatic) sexual practices (4, 29).
Rough sexual techniques and ulcerative STIs might favor the
sexual transmission of HCV through mucosal lesions. The use
of recreational drugs (even without injection) to enhance sex-
ual pleasure and to remove inhibition during anal intercourse
also enhances the likelihood of mucosal trauma or bleeding,
especially when substances are applied anally (4, 26, 29, 31). In
Amsterdam, more than 30% of HIV-HCV-coinfected MSM
harbor a variant of the same HCV-4d strain (31). Since 0 to
18% of coinfected MSM in Europe report IDU (29, 31) and
phylogenetic analysis confirms that the HCV-4d strain circu-
lating among MSM originates from the one circulating among
individuals reporting IDU, it is plausible that HCV entered the
MSM population through its overlap with the IDU scene (29).
The timescale of the HCV epidemic among HIV-infected
MSM coincides with the introduction of highly active antiret-

roviral therapy (HAART) and the subsequent rise in the prac-
tice of high-risk sexual behavior and the incidence of STIs
among MSM (4). Using evolutionary analysis, we calculated
that 15/21 (76%) of the lineage splits in the MSM clade oc-
curred after the introduction of HAART in 1996. However,
two of three subclusters of HCV isolates among MSM arose
before 1996, suggesting that the transfer of HCV from indi-
viduals reporting IDU to MSM preceded the introduction of
HAART.

In conclusion, we observed three distinct monophyletic clus-
ters of HCV-4 in Amsterdam that correspond to three distinct
epidemiological profiles: import of HCV-4a mainly by immi-
grants from areas in Africa and the Middle East where HCV is
endemic, the local spread of HCV-4d in individuals reporting
IDU, and its spillover into HIV-positive MSM. Since infections
with HCV-4 are difficult to treat and cause an estimated 10%
of chronic HCV infections in The Netherlands (5, 32), effective
therapy against HCV-4 will increasingly be needed. The need
is heightened as HCV-4d rapidly spreads among HIV-positive
MSM and becomes more prevalent in European individuals
reporting IDU with and without HIV coinfection. Neverthe-
less, most clinical trials are focused on patients infected with
HCV-1, despite the high worldwide prevalence of HCV-4 in-
fections. In our opinion, clinical research and drug develop-
ment programs must be stimulated to further deter the spread
of HCV-4 infection.
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