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A new subtype (subgenotype) Ac (A3) of hepatitis
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Blood samples (n==544) from two different populations (Pygmies and Bantus) in Cameroon,
West Africa, were analysed. Serological tests indicated that the anti-hepatitis C virus (HCV)
prevalence in Bantus (20-3 %) was higher than that in Pygmies (2-3 %, P<0-0001), whereas
the distribution of hepatitis B virus (HBV) serological markers was equally high in both populations:
in total, 9-4, 17-3 and 86-8 % for HBsAg, anti-HBs and anti-HBc, respectively. HBV genotype
A (HBV/A) and HBV/E were predominant (43-5 % each) in both populations, and HBV/D was
found in a minority (13 %). The preS/S region was sequenced in nine cases (five HBV/A and
four HBV/E) and the complete genome in six cases (four HBV/A and two HBV/E). Subsequent
phylogenetic analysis revealed that the HBV/A strains were distinct from the subtypes
(subgenotypes) described previously, Ae (A2) and Aa (A1), and in the preS/S region they
clustered with previously reported sequences from Cameroon. Based on the nucleotide difference
from Aa (A1) and Ae (A2), more than 4% in the complete genome, the Cameroonian strains
were suggested 1o represent a new subtype (subgenotype), designated HBV/Ac (A3). A high
(3-99%) nucleotide divergence in HBV/Ac (A3) strains suggested that the subtype (subgenotype)
has a long natural history in the population of Cameroon. One of the HBV/Ac (A3) strains was found
to be a recombinant with an HBV/E-specific sequence in the polymerase reverse transcriptase
domain. Further cohort studies will be required to assess detailed epidemiological, virological and
clinical characteristics of HBV/Ac (A3), as well as its recombinant form.

Based on a genomic sequence divergence in the entire

genome exceeding 8%, HBV strains have been classified

According to the World Health Organization, hepatitis B
virus (HBV) infection is one of the major global public
health problems. Of the two billion people who have been
infected with HBV worldwide, more than 350 million are at
risk of developing cirrhosis and hepatocellular carcinoma
due to chronic infection (Kane, 1995).

The GenBank/EMBL/DDBJ accession numbers for the nucleotide
sequences determined in this study are AB194947-AB194855.

into seven genotypes, denoted A (HBV/A) to G (HBV/G)
(Norder et al., 1994; Okamoto et al., 1988; Stuyver et al,
2000). A possible eighth genotype has been proposed with
the tentative designation ‘H’ (Arauz-Ruiz et al, 2002),
which is, however, closely related to genotype F phylogen-
etically, with a complete genome difference of around 8 %
(Kato et al, 2005).

Research on HBV genotypes during the last decade has
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demonstrated significant associations between the HBV
genotypes and the severity of liver disease, clinical out-
comes and the response to antiviral therapies (Kramvis &
Kew, 2005). Moreover, it was also demonstrated that the
clinical and virological characteristics may also differ among
patients infected with the same genotype (Miyakawa &
Mizokami, 2003). The existence of different subtypes
(subgenotypes) within same genotype helps to explain this
for HBV/B, where one of the subtypes (subgenotypes)
(widespread in Asia; Ba) possesses a recombination with
genotype HBV/C, while another (indigenous to Japan; Bj)
does not (Sugauchi et al, 2003). Similarly, two subtypes
(subgenotypes) have been reported for HBV/A: one of them,
Aa (A'/A1) prevails in sub-Saharan Africa and South Asia,
while the other, Ae (A2), is widely distributed in Europe and
the USA (Bowyer et al., 1997; Kramvis et al., 2002; Sugauchi
et al., 2004). The subtypes (subgenotypes) of HBV/A show
no evidence of distinguishing recombination; nevertheless,
they are associated with differences in replicative activity,
and in the mechanisms of HBeAg seroconversion as a
result of specific nucleotide substitutions in the core pro-
moter and precore regions (Kimbi et al, 2004; Sugauchi
et al,, 2004; Tanaka et al., 2004).

The characterization of isolates from indigenous popula-
tions, especially in Africa where HBV is hyperendemic, may
assist in revealing the origin of HBV and clarify the many
questions about its evolutionary history (Kramvis et al,
2005). The genetic diversity and distribution of HBV
genotypes in Central West Africa, particularly in Cameroon,
are poorly documented. No data were available for the HBV
strains from Pygmies in this region. The objectives of the
present study were to assess the prevalence of HBV and
hepatitis C virus (HCV) markers among Bantus and Pyg-
mies, to compare the distribution of HBV genotypes and
to analyse the genomic characteristics of the HBV/A strain
in Cameroon. Six full genome sequences, including four
representing a new subtype (subgenotype) of HBV/A and
two HBV/E strains from the Cameroonian Pygmies, were
analysed.

METHODS

Blood serum samples. Blood serum samples were collected in 1994
from 544 voluntary donors, including representatives of two relatively
isolated populations (Bantu and Pygmies) in Cameroon, Central West
Africa. The Pygmies enrolled were from two forest encampments in
the East province, and the Bantu were enrolled from five provinces
across the country (Central, South, North, West and East). None of
the donors had clinical symptoms of liver disease. Written informed
consent was obtained from all subjects enrolled. After isolation of the
serum fraction from whole blood, the samples were stored at —40°C
until use. The number of subjects studied in each group, their ages
and sexes are summarized in Table 1.

Serological assays for hepatitis virus markers and HBY
genotyping. HCV (anti-HCV) and HBV serological markers
(HBsAg, HBeAg, anti-HBs and anti-HBc) were examined using a
chemiluminescent immunoassay (Ortho Clinical Diagnostics).

HBsAg-positive samples were subjected to HBV genotyping using an

Table 1. The distribution of HBY and HCV serological
markers and HBVY genotypes among two populations in
Cameroon

Population Bantu Pygraies P
(n=370) (n=174)
Male/Female* 177/188 87/82 Nst
Age (years); mean+Sp 34-2+14-5 299+92 <0-05
Anti-HCV 75 (20:3%) 4 (2:3%) <0-0001
HBsAg 33 (89%) 13 (7-5%) NS
HBeAg 5(152%) 0 NS
Anti-HBs 77 (20-8%) 17 (9-8%) 0-001
Anti-HBc 322 (87-0%) 150 (86-29%) NS
HBV/A 15 (45-5%) 5 (38-5%) NS
HBV/E 13 (39-4%) 7 (53-8%) NS
HBV/D 5(15-1%) 1(77%) NS

*Gender and age data were not available for some of the specimens.
NS, Not significant.

enzyme-ﬁnked immunoassay (EIA) with monoclonal antibodies to
type-specific epitopes of the preS2 region (Usuda ez al, 1999), using
commercial kits (HBV Genotype ElA; Institute of Immunology Co.).

Ampilification, quantification of HBY DNA and nucleotide
sequencing. DNA was extracted from 27 serum samples, in which
HBV/A and HBV/E had been identified by genotyping EIA: 20 (15
from Bantu and five from Pygmies) and seven (only from Pygmies),
respectively. Total DNA was extracted from 100 pl serum using a
QIlAamp DNA mini kit (Qiagen) and suspended in 100 pl storage
buffer (supplied by the kit manufacturer). A real-time PCR assay,
allowing detection of up to 100 viral DNA copies ml™ (Abe et al,
1999), with slight modifications (Tanaka et al, 2004), was used for
HBV DNA screening.

Two overlapping HBV DNA fragments covering the entire genome
sequence were amplified using specific primers and PCR conditions
that have been described previously (Sugauchi et al, 2001). Amplified
HBV DNA fragments were sequenced directly using a Prism Big
Dye v3.0 kit (Applied Biosystems) on an ABI 3100 DNA auto-
mated sequencer (Applied Biosystems). All sequences were analysed
in both the forward and reverse directions. Complete and partial
HBV genomes were assembled using GENETYX v11.0 (Software
Development). The nucleotide sequence data reported in this paper
appear in the GenBank/EMBL/DDB] nucleotide sequence databases
with the accession numbers AB194947-AB194955.

Sequence analysis. Sequences were aligned using the CLUSTAL W
software program (Thompson et al, 1997). Phylogenetic trees were
constructed using neighbour-joining (NJ) analysis incorporating the
six-parameter distance correction method (Gojobori et al, 1982)
with bootstrap test confirmation performed on 1000 resamplings
using the Online Hepatitis virus database (http://s2as02.genes.nig.
acjp/). Preliminary trees were constructed for Cameroonian HBV
strains obtained in this study and corresponding data of 632 HBV
genome sequences available from the GenBank/DDB] databases (the
trees are available from the authors). The final trees presented
herein were constructed for Cameroonian strains together with the
selected GenBank/DDB]J references including the HBV/A strains of
various geographical origins, and representatives of other known
human HBV genotypes.
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Nucleotide divergence over complete genomes was calculated vsing
the CLUSTAL method implemented in the MEGALIGN software (Clewley

& Arnold, 1997).

Detection of recombination. All Cameroonian strains’ complete
genome sequences were examined for the presence of recombination
with other HBV genotypes, as described previously (Robertson et al,
1995). Bootscan analysis implemented in the SimPlot software pro-
gram (Lole et al., 1999) was performed for each of the strains.

Statistical analysis. All statistical values were calculated using the
Mann-Whitney U test, Fisher’s exact test and the #° test with Yate’s
correction, implemented in the STATA v8.0 software program (Stata).
Differences were considered significant for P values less than 0-05.

RESULTS

Hepatitis virus serological markers and HBY
genotypes in Cameroon

Table 1 surnmarizes results of the serological screening and
HBYV genotyping. The overall anti-HCV seroprevalence was
very high (14+5 %), and was significantly higher in Bantus
(20-3 %) than in Pygmies (2-3 %, P<0-0001), demonstrat-
ing that transmission networks of the infection are relatively
isolated between two populations (blood transfusion and
medical procedures probably contributed to transmission
in the Bantus but not in the Pygmies; Kowo et al, 1995).
Nevertheless, HBsAg prevalence was equally high in both
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populations (8-9-7+5%). HBeAg examined among HBsAg-
positive carriers was determined in 10-9 % of cases, all of
which were in the Bantus infected with HBV/E (mean age
21-2 years, range 1-30 years). The mean age of HBeAg-
negative carriers in the Bantus was 31-6 years, range 17—
90 years. All HBsAg-positive carriers among the Pygmies
were negative for HBeAg (mean age 29-5 years, range
27-38 years). Thus, the mean age of the HBeAg-negative
group was relatively young for HBsAg carriers in both
populations in Cameroon, suggesting early HBeAg sero-
conversion. Anti-HBc seroprevalence was very high in both
populations (mean 86-7 %), with no significant difference
(86-2 vs 87 %), concordant with a previous report (Ndumbe
et al., 1993) and indicating a high incidence of HBV infec-
tion in both populations, probably attributable to effective
horizontal transmission at a young age, as reported pre-
viously in African countries (Kramvis et al, 2005). There

was no significant difference in the distribution of the
examined viral markers among the Bantu population in
different provinces, or among the Pygmies population in
the different encampments. A total of 46 serum samples
found to be positive for HBsAg were subjected to HBV
genotyping using the EIA method. Genotypes A and E
identified in 43-5% of cases were equally predominant in
both of the populations, and genotype D was found in a
minority (13 %) of cases. No significant difference in dis-
tribution of the genotypes was found within the same
population in different provinces or between the two
populations.

In order to study the molecular genetic characteristics of
the prevalent HBV genotypes in Cameroon, 20 HBV/A
and seven HBV/E samples, for which sufficient volume was
available, were subjected to further investigation. Of the

AF536524{USA)

AB014370{Japan)
AJ30936%(France)
AY128092(Canada)
Z72478(Germany)
AJ012207(Garmany)
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AF297625(South Africa)

M57763(Phikppines)

_[_————ABHGDBS(NepaI)
AB116083(Bangladesh)
UB7742(South Africa)

100

-HBVIA—55
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- 100 CHMR936
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HBV/D-12] A0S
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HBV/B ___."_JQI-———— D23678(HBV-B)(B1)
I AF121251(HBV-Ba)(B2)

Fig. 2. A phylogenetic NJ tree constructed
using the complete HBV genome. Six strains
from Cameroon isolated in this study are indi-
cated in bold. Accession numbers are given
for reference sequences retrieved from
GenBank/EMBL/DDBIJ. The origins of the pre-
viously published HBV/A strains are indicated
in parentheses. Bootstrap values are indicated
in the tree roots. The strain from Cameroon
with the recombination between HBV/A and
HBV/E is marked with an asterisk (*).
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samples, only 1/27 was HBeAg-positive (HBV/E by EIA),
which was obtained from a 1-year-old child, and the rest
(26/27) of the HBsAg-positive carriers had undergone
HBeAg seroconversion.

HBV DNA quantification, sequencing,
phylogenetic relation and genetic diversity of
HBY/A subtypes (subgenotypes) -

HBV DNA was detected in only 10/27 serum samples: 5/15
Bantus and 5/12 Pygmies. The highest HBV DNA level
(34 x 10" copies ml™’) was detected in the sample
obtained from a 1-year-old child. The rest of the nine
positive samples were obtained from (mean) 26-year-old
carriers (range 21-30 years), with HBV DNA levels ranging
from 1-1x10° to 7-8x 10° copies ml~!. HBV DNA-
negative carriers were (mean) 30-4 years old, range 17—
50 years, showing a general tendency of HBV DNA level
to decline with age (not statistically significant, probably

due to small numbers). HBV large S coding region sequen-
ces were successfully amplified from 9/10 samples. The
sequences were subjected to a similarity search throughout
GenBank/DDBJ using the BLAST search engine, and the most
similar strains were used for phylogenetic analysis together
with the reference sequences of all known human HBV
genotypes. The phylogenetic relationship of the ~800 nt
(positions 31-835) preS2/S sequences of the HBV strains
is represented in Fig. 1. Within the HBV/A phylogenetic
cluster, the HBV/Aa (Al) and HBV/Ae (A2) strains
separated out into two clusters and the five Cameroon-
ian strains sequenced in this study together with other
Cameroonian strains retrieved from GenBank/DDB]
clustered separately. The Cameroonian strains retrieved
from GenBank/DDBJ were previously designated A" cluster
according to partial (Large S) genome sequence (Mulders
et al, 2004). The Cameroonian and HBV/Aa (A1) sub-
clusters, however, did not have significant bootstrap
indexes.

(a)
PCR fragment A

PCR fragment B

100%

80

20

Ba(AF121251)(82)
Bi(D23678)(B1)
An(AF207626)
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The complete genome of six strains (four HBV/A and two
HBV/E) were sequenced successfully (marked by asterisks
in Fig. 1). The lengths of the complete genomes corres-
ponding to HBV/A and HBV/E were 3221 and 3212 nt,
respectively. The phylogenetic analysis of the complete
genome sequences (Fig. 2) revealed three distinct bootstrap
test supported groups within the HBV/A cluster: HBV/Aa
(A1), HBV/Ae (A2), and the third group formed by sam-
ples from Cameroon. We denoted the third phylogenetic
group as ‘HBV/AC’, where ‘¢’ stands for Cameroon and
Central Africa. The distinctive grouping of HBV/Ac (A3)
strains was also confirmed when preS1/62, preC/C, and

complete Pol genes were analysed phylogenetically. S and
X genes were phylogenetically related between the HBV/Aa
(A1) and HBV/Ac (A3) groups. Estimated inter-group
percentage nucleotide divergence over complete genome
sequences consisted of [mean +SD (range)]: 4-94-0-4
(4-2-6-1), Aa (A1) versus Ae (A2); 5:140-5 (4:0-6-0), Aa
(A1) versus Ac (A3); and 52403 (4-7-5-8), Ae (A2)
versus Ac (A3). On the other hand, intra-group percentage
nucleotide divergence was similar for HBV/Aa (A1) and
HBV/Ac (A3) [mean =-5D (range)}: 3-6+0-8 (4:0~4-6) and
3-94+1-1 (1-8-4-8), respectively, and lowest for Ae (A2):
0-9+40-3 (0-4-1-6) (P<0-0001).
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Fig. 3. (a) SimPlot analysis demonstrating the recombination in the non-overlapping part of the polymerase coding region of
the CMR151 strain. The strain was subjected to bootscan analysis over the entire genome using the SimPlot program (Lole
et al,, 1989) with a window size of 300 bp and a step size of 30 bp, under the F84 (ML) mode!, with bootstrap resampling
performed 1000 times. Initially, consensus sequences of each human HBV genotype were used as references; after manual
confirmation of the sequence alignment, the final plot was constructed using the consensus of the HBV/A, HBV/E and HBV/D
genotypes only. The sequences were obtained from two overlapping PCR fragments, indicated by two lines (A’ and 'B"). HBV
genome coding regions are indicated by standard abbreviations (S2, S, Pol, X, preC, C and preS1). (b) The phylogenetic
NJ tree constructed using the recombinant segment. Six strains from Cameroon in this study are indicated in bold. Accession
numbers are given for reference sequences retrieved from GenBank/EMBL/DDBI. (c) Alignment of all human HBV genotype
genome nucleotide sequences in the region corresponding to the recombination in the Cameroonian strain CMR161 (shaded
in grey). Nucleotide positions correspond to the HBV genome reference sequence, GenBank accession no. NC_003977.

Dashed lines at 882 and 1060 represent the breakpoints.
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Recombination

Evidence of recombination between HBV/A and HBV/E
was observed in one of the Cameroonian strains (CMR151,
marked by an asterisk in Fig. 2). The result of the bootscan
analysis for the complete genome sequence of the strain is
presented in Fig. 3(a). The phylogenetic tree constructed
using the corresponding sequence segment confirmed
the grouping of the CMRI151 strain together with the
HBV/E strains, with strong bootsirap support (Fig. 3b).
The recombinant segment corresponded to a part of
the non-overlapping HBV DNA polymerase in the reverse
transcriptase (RT) domain and a part of the enhancer
I-X promoter. (Fig. 3c). The breakpoints at nucleotide
positions 882 and 1060 were estimated by mapping the

informative sites and using y* confirmation (Robertson
et al., 1995).

Enhancer/promoter elements and amino acid
characteristics of the HBV/Ac (A3) strains

A comparison of the nucleotide substitutions within the
cis-acting elements among the four HBV/Ac (A3) strains
and the consensus sequences of the HBV/Aa (Al) and
HBV/Ae (A2) subtypes (subgenotypes) as well as the other
HBV genotypes (including HBV/Ba, Bj, B2, B1) are sum-
marized in Table 2. Nine specific nucleotide substitu-
tions were found in HBV/Ac (A3) strains: G''”>A (enhancer
I-X promoter), C'*”°G, G'*2A and C7*T (enhancer II-
core promoter), A*#*G (Si-promoter), C*%2!T, C042T,

Table 2. Subtype (subgenotype) specific sites (bold) within enhancers and promoter regions of HBV/Aa (A1), HBV/Ac (A3)

and HBV/Ae (A2)

Nucleotide positions correspond to the HBV genome reference sequence, GenBank accession no. NC_003977. Consensus sequences were
cormposed according to 60% or higher incidence at the corresponding nucleotide position.

Region

Position (nt) HBV/Aa (Al)

HBV/Ac (A3) HBV/Ae (A2)

CMR711 CMRS82 CMR983 CMRI51

Enhancer I-X promoter (950-1350) 963
1041
1173
1320
1350
Enhancer Il-core promoter (1400-1850) 1404
1464
1473
1484
1511
1512
1703
1727
1740
1809-1812 T

Encapsidation signal (1846-1908) 1888

S1-Promoter (2716-2806) 2720
2742

2744
2777
3013-3014
3021
3042
3052

S2-Promoter (2999-3219)

3069
30723073
3076
3111
3118
3121
3124
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T2078C and C*MT (S2-promoter). Interestingly, three
of four strains had substitutions in the Kozak sequence
(1809~1812) (Ahn et al, 2003; Tanaka et al.,, 2004), and
two had a basal core promoter double mutation (1762/
1764).

Although HBV/Ac (A3) amino acid motifs in general were
more similar to HBV/Aa (A1) than to HBV/Ae (A2) motifs,

HBV/Ac (A3) strains had some specific sites: Thr® in
preS1, Ala'*® in Pol/terminal protein, Ser”®, Trp**®, Ser®™’
in Pol/spacer, Asp>®, Arg>"!, Ser’" in Pol/RT, and Thr? in
X proteins when compared with consensus sequences com-
posed according to 60 % or higher incidence at the corres-
ponding amino acid position (Table 3). Pre-core/core
amino acid patterns had no specific substitutions among
HBV/A subtypes (subgenotypes).

Table 3. Subiype (subgenotype) specific sites (bold) in amino acid sequences of HBV/Aa (A1), HBV/Ac (A3) and HBV/Ae

(A2)

Consensus sequences were composed according to 60% or higher incidence at the corresponding amino acid position.

ORF Position (aa) HBV/Aa (A1)

HBV/Ac (A3) HBV/Ae (A2)

CMR711

CMR82 CMR983 CMR151

54
67
74
84
86
89
90
91
32
47
209
17
33
74
102
120
146
236
239
246
257
269
271
273
308
334
338
348
356
501
607
617
619
666
11
31
34
47
146
147

PreS1

PreS2

S
Pol/terminal protein

Pol/spacer

Pol/RT

X region
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DISCUSSION

A previous study carried out in Cameroon among the
Bantus and the Pygmies (Kowo et al., 1995) demonstrated a
high (18-6%) overall seroprevalence of HCV, which was
significantly higher in Bantus (31:7%) than in Pygmies
(11-1%). The results of the present study also indicate the
very high HCV seroprevalence (14-5 %), and support the
difference between the two populations. However, in our
study, HCV seroprevalence among the Pygmies was lower
(2-3 %), which might be attributed to the younger age of
examined subjects compared with the cohort previously
studied (Kowo et al., 1995). The difference in HCV sero-
prevalence between the two populations might be explained
by exposure of the Bantus to transmission routes such as
medical procedures and blood transfusion, to which the
Pygmies are not exposed. However, HBV seroprevalence
(HBsAg and anti-HBc) was equally high among the two
populations and different regions of the country, which is
concordant with previous data (Ndumbe et al, 1993).
Further epidemiological investigation is required to evaluate
factors contributing to the difference in HBV and HCV
transmission in the Pygmies, in contrast with neighbouring
Bantus.

The only data available on HBV genotypes in Cameroon
demonstrated the predominant prevalence of HBV/A in
human immunodeficiency virus-positive cohort (Mulders
et al., 2004). The present study revealed that both HBV/A
and HBV/E are distributed equally in both native popula-
tions in Cameroon. The phylogenetic analysis revealed a
close relationship in the large S coding region among the
Cameroonian strains sequenced in this study and those from
the same country available from previous reports (Mulders
et al., 2004; Nozder et al., 1992). Based on phylogenetic
analysis of the complete genome, including four sequences
in this study, the presence of a third phylogenetic cluster
was confirmed within HBV/A in this study. The cluster
was distinct from known HBV/Aa (A1) and HBV/Ae (A2)
subtypes (subgenotypes), and designated HBV/Ac (A3)
(where ‘¢’ stands for Cameroon and Central Africa). The
inter-subtype (subgenotype) nucleotide divergence over the
complete genome sequences falls within the 4-8 % range
that justifies the classification of HBV/Ac (A3) into a distinct
subtype (subgenotype) according to the recent proposals on
HBV nomenclature (Kato et al., 2005; Kramvis et al., 2005).
The high intra-subtype (subgenotype) nucleotide diver-
gence of four HBV/Ac (A3) complete genomes suggests a
long natural history of this subtype (subgenotype) within
the native population of Cameroon, as has been reported for
subtype (subgenotype) HBV/Aa (Al) in southern African
Blacks (Kimbi et al, 2004). On the other hand, HBV/E
strains obtained from the Pygmies did not group together
separately from the strains isolated in different geographical
regions, even though the Pygmies represent an isolated
population in Africa. The presence of low divergent HBV/E
genotype among the Pygmies might not support the
hypotheses proposed previously that HBV/E has a very
short history in humans (Mulders et al., 2004).

The newly described subtype (subgenotype) HBV/Ac (A3)
possesses a combination of the sites specific for either
HBV/Aa (A1) or HBV/Ae (A2) within the corresponding
enhancer/promoter elements and amino acid motifs (Kimbi
et al., 2004; Sugauchi et al, 2004; Tanaka et al, 2004).
Moreover, the subtype (subgenotype) also has HBV/Ac (A3)
unique substitutions. The recombination affecting a short,
non-overlapping segment of the polymerase RT domain
found in one of the Cameroonian strains is the first event
documnented to have occurred between HBV/A and HBV/E.
The sequencing data generated in the present study could be
used to design assays that can discriminate between HBV/Ac
(A3) and the other subtypes (subgenotypes) of HBV/A
in order to characterize its clinical-virological features.
Cohort studies are required to investigate a possible
association of HBV/Ac (A3) infection with early HBeAg/
anti-HBe seroconversion and low HBV DNA levels in
carriers indicated by the tendencies observed on the small
number investigated in present study.

At the present time, investigation of HBV molecular
heterogeneity, global distribution of HBV genetic forms,
including recombination and mutations as well as efficient
implications of the data, is one of the major directions in
the field of virus research (Kramvis et al, 2005). In this
respect, further standardization of the HBV nomenclature
and, an efficient and logical classification should be based
on a consensus of the accumulated data including recent
studies.

In conclusion, the complete genome of the third subtype
(subgenotype) of HBV/A, identified in Cameroon, has been
analysed and unique nucleotide/amino acid substitutions
have been identified within this subtype (subgenotype). The
high intra-group divergence suggests that this subtype
(subgenotype) represents an indigenous HBV strain with a
long natural history. Recombination between this subtype
(subgenotype) and genotype E is described.
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In order to understand primate lentivirus evolution, characterization of additional simian
immunodeficiency virus (SIV) strains is essential. Here, an SIV from a black mangabey (Lophocebus
aterrimus) originating from the Democratic Republic of Congo was analysed phylogenetically.
The monkey had cross-reactive antibodies against human immunodeficiency virus type 1
(HIV-1) and HIV-2. The viral pol region sequence was amplified by nested PCR and sequence
analysis confirmed that it was related to known SIV sequences. This is the first report to
characierize genetically an SIV from the monkey genus Lophocebus. Phylogenetic analysis

of the pol region revealed that this novel SIV, designated SIVbkm, fell into the SIVsyk and Sivgsn
virus group, containing viruses isolated from the genus Cercopithecus, and suggests that
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Accepted 29 March 20056 Cercopithecus.

cross-species transmission has occurred between species of the genera Lophocebus and

Simian immunodeficiency viruses (SIVs) naturally infect a
wide range of wild African non-human primates (Hahn
et al., 2000; Hayami et al., 1994; Peeters et al, 2002). On the
basis of their genomic sequences, SIVs are currently classi-
fied into six major phylogenetic lineages: (i) SIVcpz in
chimpanzees (Pan troglodytes), which clusters with human
immunodeficiency virus type 1 (HIV-1) (Corbet et al, 2000;
Gao et al., 1999; Huet et al, 1990); (ii) SIVsm in sooty
mangabeys (Cercocebus atys), which clusters with HIV-2
(Chen et al., 1996; Hirsch et al., 1989); (iii) SIVagm in four
species of African green monkeys (Chlorocebus aethiops)
(Allan et al.,, 1991; Fukasawa et al., 1988); (iv) SIVmnd-1 in
mandrills (Mandrillus sphinx), which forms a cluster with
SIVlhoest in I’'Hoest monkeys (Cercopithecus lhoesti) and

The GenBank/EMBL/DDBJ accession number for the nucleotide
sequence determined in this work is AY518534.

SIVsun in sun-tailed monkeys (Cercopithecus solatus) (Beer
et al., 1999; Hirsch et al, 1999; Tsujimoto et al., 1988, 1989);
(v) SIVsyk in Sykes’ monkeys (Cercopithecus albogularis)
(Hirsch et al, 1993); and (vi) SIVcol in guereza colobus
monkeys (Colobus guereza) (Courgnaud et al, 2002).
SIVmus from moustached monkeys (Cercopithecus cephus)
and SIVmon from mona monkeys (Cercopithecus mona)
are relatives of SIVgsn from greater spot-nosed monkeys
(Cercopithecus nictitans), which carry the vpu gene in their
genome (Barlow et al., 2003; Courgnaud et al., 2002, 2003a).
They have been designated as a new SIV lineage, although
Biollei-Ruche et al. recently suggested that the clusters of
SIVgsn and SIVsyk including SIVdeb should be considered
as one ancestral SIV lineage that infected monkeys of the
genus Cercopithecus (Bibollet-Ruche et al., 2004; Courgnaud
et al., 2003a; Verschoor et al., 2004). In addition, some novel
SIV strains such as SIVtal from talapoins (Miopithecus

0008-0697 © 2005 SGM Printed in Great Britain

1967



T. Takemura and others

talapoin), SIVwrc from western red colobus (Piliocolobus
badius) and SIVolc from olive colobus monkeys (Procolobus
verus) have been reported, although their sequences have
only been partially characterized (Courgnaud et al., 2003b;
Peeters et al., 2002).

It is now widely accepted that HIV-1 originated from SIVcpz
(Gao et al., 1999; Hahn et al, 2000). Bailes et al (2003)
suggested that SIVcpz could be a recombinant virus between
SIVrcm from red-capped mangabeys (Cercocebus torquatus)
and SIVgsn. Furthermore, viruses of the above-mentioned
six major lineages may also have complex mosaic genomes
(Salemi ez al., 2003). To understand better the evolutionary
relationships among primate lentiviruses, a search for addi-
tional SIVs from other non-human primate species is essen-
tial. Thus, our research efforts have focused on non-human
primates whose habitats are adjacent to or overlap the
habitat of common chimpanzees in the forests of central
Africa. In the present study, we genetically characterized a
new SIV strain from a black mangabey (Lophocebus ater-
rimus) originally isolated in the Democratic Republic of

Congo (DRC).

The animal was caught in the wild in 2001 in the Bas-Congo
region, in the south-eastern part of the DRC, and kept in a

separate cage for 1 year at the Kinshasa Zoo. Peripheral
blood was collected in 2002 using acid citrate glucose anti-
coagulant solution. A plasma sample was initially tested for
antibodies using a commercial particle agglutination kit
(Genedia HIV-1/2, Fujirebio) and showed positive reactiv-
ity, with an antibody titre of 1:64. We then conducted a
Western blot assay using commercial Western blot kits
(HIV-1 and -2 LAV blot; Bio-Rad) and demonstrated strong
reactivity against p18 and p25 (HIV-1 core antigens), p26
(HIV-2 core antigens) and gpl05 (HIV-2 glycoprotein)
(data not shown). These data suggested that this monkey
was infected with an SIV strain related to HIV-1 or -2.

We carried out nested PCR to amplify the viral pol region
using chromosomal DNA extracted from peripheral blood
mononuclear cells. DNA was extracted using the QIAamp
Blood DNA mini kit (Qiagen) according to the manufac-
turer’s instructions. We first amplified a fragment of 150 bp
in the pol region using oligonucleotide primers DR1 (5'-
TRCAYACAGGRGCWGAYGA-3') and DR2 (5'-AIADRT-
CATCCATRTAYTG-3') for the first round and primers
DR4 (5'-GGIATWCCICAYCCDGCAGG-3') and DR5 (5'-
GGIGAYCCYTTCCAYCCYTGHGG-3') for the second
round (Clewley et al, 1998; Courgnaud et al., 2002). Ampli-
fication was carried out with an initial denaturation at
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94 °C for 3 min, followed by 40 cycles of 94 °C for 30 s, 45 °C
for 30 s and 72 °C for 1 min, with a final extension at 72 °C
for 5 min. We succeeded in amplifying a 150 bp fragment
from this seropositive sample. The PCR product purified
from an agarose gel was subcloned into the pUC119 (Takara
Bio) vector and sequenced using a cycle sequencing kit
and automated sequencers (BigDye Terminator Cycle
Sequencing Ready Reaction, ABI 373 and 3100; Applied
Biosystems). We then performed a semi-nested PCR to
amplify a 1800 bp fragment using the primers DR1 and
Unipol2 (5'-CCCCTATTCCTCCCCTTCTTTITAAAA-3")
for the first-round PCR and bkmpoll (5'-GGATAT-
GAAAGATGCTTACTATTCAG-3') and Unipol2 for the
second-round PCR (Miura et al, 1990). The primer
bkmpoll was specifically designed on the basis of the
sequence of the 150 bp fragment. PCR was carried out as
described above but with cycle conditions of 94°C for
1 min, 45 °C for 1 min and 72 °C for 3 min. The sequence of
the obtained fragment was determined as described above.

The SIV derived from the black mangabey was designated
SIVbkm strain CDM201. We constructed a phylogenetic
tree to compare the sequence of SIVbkm CDM201 with
sequences of representative isolates of SIVs and HIVs.
Sequences were aligned using CLUSTAL W with minor
manual modifications and a phylogenetic tree was con-
structed using the maximum-likelihood method with the

MOLPHY program (Higgins & Sharp, 1989; Adachi &
Hasegawa, 1996; Yamaguchi-Kabata & Gojobori, 2000;
Yamaguchi-Kabata et al.,, 2004). A phylogenetic tree based
on 1930 bp fragments of the polregion showed that STVbkm
was divergent from other SIV strains, but relatively close to
SIVgsn and SIVsyk group isolates (Fig. 1). Subsequently, we
carried out a distance plot analysis to investigate the extent
of sequence differences (Takehisa et al, 1999). The reference
strains used were HIV-1 groups M (strain HXB2), O
(ANT?70), SIVcpz (US), SIVsm (SL92L), SIVagm (TYO-1),
SIVmnd-1 (GB1), SIVsyk (syk173), SIVcol (CGU-1),
SIVgsn (99CM71), SIVrcm (Ngm), SIVmon (NGI1) and
SIVmus (01CM1085). The genetic distance (estimated using
Kimura’s two-parameter method) between each selected
pair of sequences was determined by moving a window of
300 bp along the genome alignment in 10 bp increments
and the distance was plotted at the midpoint. SIVmon
exhibited a relatively close distance to SIVbkm throughout
the pol reverse transcriptase (RT) to integrase (IN) region
and, interestingly, HIV-1 group O strain ANT70 showed a
close relationship to SIVbkm, with the shortest distance in
the RNase H region (Fig. 2). At the amino acid level,
SIVbkm CDM201 showed moderate similarities with three
other primate lentiviruses, SIVgsn (62-5%), SIVmon
(62:0%) and SIVsyk (59-:3%) (Table 1). However, in the
RNase H region, SIVbkin CDM201 showed relatively high
similarities to HIV-1 group O (ANT70) (686 %), SIVrcm
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Fig. 2. Distance plots comparing S!Vbkm CDM201 with representative primate lentiviruses. The sequences used were HIV-1
groups M (HXB2) and O (ANT70), SiVcpzUS, SlVrem, SIVsm, SIVagm, SIVmnd-1, SlVsyk, SIVcol, SiVgsn, SlVmon and
SiVmus. The genstic distance was estimated using Kimura's two-parameter method (Kimura, 1980). The alignment was
sectioned into 300 bp fragments, which were moved along the genome in 10 bp increments. The distance value for each

segment was plotted at the midpoint.
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Table 1. Percentage amino acid identity in the pol region
between SlVbkm CDM201 and representatives of other

HIV/SIV lineages

Numbers in bold indicate the three highest identities in each
respective region.

HIV/SIV strains Amino acid identity (%)
RY-IN RT RNase H IN
HXB2 55-7 52-2 653 557
YBF30 55-4 52-2 62-8 563
ANT70 56-0 49-6 68-6 59-6
SiVepz 55-4 51-0 636 579
SIVrem 57-4 51-3 70-3 60-1
SIVmnd-2 57-1 50-7 68-6 612
HIV-2 D205 536 46-8 62-8 60-1
SIVsm 55-0 48-4 66+9 59-6
SIVagm 55-0 47-8 636 62-8
SIVmnd-1 53-8 481 62-0 59-0
SIVsyk 59-3 55+ 620 645
SIVcol 46'5 47-2 39-7 49-7
SIVole 47-1 44-0 53-7 48-6
SIVgsn 62'5 582 636 70-0
SIVmon 62-0 58-4 67-8 65-0

(70-3 %) and SIVmnd-2 (68-6 %). In the RT and IN regions,
the similarities between SIVbkm CDM201 and these three
viruses were relatively low.

In the present study, we have described a novel primate
lentivirus, STVbkm, from a black mangabey in the DRC. This
is the first report to characterize genetically an SIV from
monkeys of the genus Lophocebus. STVbkm was found to be
related to the SIVgsn and SIVsyk lineages, all of which were
isolated from monkeys of the genus Cercopithecus (Barlow
et al., 2003; Courgnaud et al., 2002, 2003a; Bibollet-Ruche
et al., 2004). These relationships were supported by high
bootstrap values. Bibollet-Ruche et al. (2004) stated that the
SIVsyk and SIVgsn lineages have the same ancestor and
evolved with host-species specialization. The phylogene-
tic relationships between SIVbkm and the SIVsyk/SIVgsn
cluster suggest that cross-species transmission occurred
between species of the genus Cerocopithecus and a species of
the genus Lophocebus. Clarifying the cross-species trans-
mission between black mangabeys and Cercopithecus mon-
keys and the spread of the ancestral virus of this cluster
may lead to an understanding of the origin of the vpu gene,
since the SIVgsn lineage carries vpu, whereas the SIVsyk
lineage does not. A better understanding of these events may
also help to understand the origin and evolution of HIV-1.
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Abstract It has been reported that high-pressure (over 600
MPa) treatment at room temperature inactivates human im-
munodeficiency virus type 1 (HIV-1), and it has recently
been shown that the high pressure generated by the ex-
pansion of water due to freezing (freeze pressure generation
method, or FPGM) has an inactivating effect on bacteria
and fungi. In this study, we examined the effects of treat-
ment by FPGM on HIV-1. A sturdy vessel filled with water
and securely closed with a lid was kept at 0°C to —30°C.
High pressures of 200 MPa and 250 MPa were generated
at —20°C and —30°C, respectively. When T-cell-tropic and
macrophage-tropic laboratory strains of HIV-1 were kept
at —10°C, the virus infectivity decreased to approximately
1/100, and was completely lost at —20°C and —30°C. Four
T-cell-tropic and four macrophage-tropic laboratory strains
and clinical isolates of HIV-1 became completely inacti-
vated at —30°C. Treatment by FPGM at —20°C to —30°C
reduced HIV-1 reverse transcriptase activity to approxi-
mately one tenth. In addition, treatment by FPGM at —20°C
was found to destroy the ability of HIV-1 to bind to CD4+
cells. In conclusion, this study showed that treatment by
FPGM at —20°C to —30°C destroyed the infectivity of a
wide range of HIV-1 strains, and suggested that the mech-
anisms of HIV-1 inactivation were the reduction in viral
enzyme activity and the loss of the cell-binding ability of a
viral envelope protein.
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Introduction

High pressure is known to inactivate bacteria (Hite 1899;
Timson and Short 1965). Pasteurization and processing of
food products by high pressure has been in practical use for
a long time (Cheftel 1995; Dumoulin and Hayashi 1998;
Messens et al. 1997). High pressure has also been reported
to inactivate several enveloped viruses such as influenza
and herpes (Nakagami et al. 1992; Overman and Lewis
1959; Silva et al. 1992). We previously discovered the
phenomenon that treatment at high hydrostatic pressures at
room temperature of more than 400 MPa inactivates hurnan
immunodeficiency virus type 1 (HIV-1) (Nakagami et al.
1996; Otake et al. 2000), and proposed the application of
this technique to the production of blood preparations
presenting a low risk of infection. However, high hydro-
static pressure treatment requires a large-scale high-pres-
sure generator. Recently, the phenomenon was reported
that high pressure is generated when water, filling a sealed
vessel and cooled below 0°C, expands as it freezes (freeze
pressure generation method, or FPGM). FPGM has an in-
activating effect on yeast, bacteria, and fungi (Hayakawa
et al. 1998) and enables the generation of high pressures,
using a simpler apparatus than a high-hydrostatic pressure
generator. We investigated the effects of FPGM on HIV-1
and its action mechanisms.

Materials and methods
FPGM in the chamber

To obtain the theoretical pressure, we developed a pressure
vessel that could withstand the high pressure generated by
freezing water. The vessels were sealed with a screw cap
with water leakage-preventing packing, and their walls
were sufficiently thick enough to withstand a pressure of
300 MPa. A chamber was equipped with a pressure gauge
on the cap. The chamber volume was 1,000 ml. The cham-
ber was tightly sealed and kept under sub-zero temperatures



in a temperature-controlled freezer for 24 h. The pressure
generated was measured by a pressure gauge.

To test virus inactivation, a 100-ml pressure vessel with
no pressure gauge was used. A 3-ml plastic tube containing
a virus suspension was placed in a pure-water-filled vessel,
which was left in a freezer for 24 h, and then immersed in

tap water.

Preparation of virus samples

HIV-1 strains used in this study were four T-cell-tropic
strains (two laboratory strains, LAI and RF, and two clinical
isolates, KK-1 from an AIDS patient and KK-2 from an
asymptomatic carrier) and four macrophage tropic strains
(a laboratory strain, HTLV-1IIBa-L; two clinical isolates,
KK-20, KK-23; and a drug-resistant strain to reverse tran-
scriptase inhibitors and protease inhibitors, KK-86-4).

T-cell tropic strains were inoculated into the CD4+ cell
line (MT-4 cells). The cells were maintained in RPMI-1640
medium, containing 10% fetal calf serum (FCS), and
incubated at 37°C in the presence of 5% CO,. After 5 days,
the supernatant of the cell culture was collected as a viral
solution.

Macrophage tropic strains inoculated into PHA-stimu-
lated peripheral blood mononuclear (PBM) cells from
healthy donors. Then PBM cells were incubated in RPMI-
1640 medium containing 20% FCS and 200 U/ml of
interleukin-2 (Shionogi Laboratories). After 10 days, the
supernatant of the cell culture was collected as a viral
solation.

Measurement of viral infectivity

The infectivity of T-cell tropic strains was determined based
on the measurement of the 50% tissue culture-infectious
doses (TCIDsp) in MT4 cells. Serial tenfold dilutions of
virus samples were allowed to infect MT-4 cells in 96-well
microtiter plates. Five days later, the cytopathic effects of
HIV-1 were observed under a microscope, and the TCIDs,
was calculated.

The infectivity of macrophage-tropic strains was mea-
sured using MAGIC-5 cells. MAGIC-5 (MAGI-CCRS cell
line) was developed from MAGI (HeLa-CD4-LTR-{3-gal)
cells and was kindly supplied by Dr. M. Tatsumi. MAGIC-5
cells were plated in 96-well microtiter plates in Dulbecco’s
modified Eagle medium (DMEM), supplemented with
2.5% FCS the day before infection. The cells were infected
with serial dilutions of viral samples for 2 h at 37°C. Then,
the virus solution was removed and 200 pl DMEM con-
taining 2.5% FCS was added. After 2 days of culture, the
medium was removed, and the cells were fixed at room
temperature with 50 pl of a solution of 1% formaldehyde
and 0.2% glutaraldehyde in phosphate-buffered saline
(PBS), pH 7.2, for 5 min. The cells were washed twice
with PBS and incubated for 1 h at 37°C in 100 pl of the
staining solution, consisting of 4 mM potassium ferrocya-
nide, 4 mM potassium ferricyanide, 2 mM MgCl, and 40
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mg/ml X-gal. Cells stained blue were counted under a
microscope and the infectivity was indicated as blue focus
units.

Reverse transcriptase activity

The reverse transcriptase (RT) activity in the samples
was measured using an RT assay kit (Asahi Chemical
Industry, Japan). This kit was based on a highly sensitive
RT assay using primer-templates that were immobilized
on microplates.

Measurement of the HIV core protein p24

An HIV-1 p24 antigen capture EIA kit (RetroTec, Zepto-
Metrics, Buffalo, N.Y., USA) was used for the measure-
ment of virus antigenicity.

Measurement of the cell-binding ability
of viral envelope protein

FPGM-treated or untreated HIV-1 LAl strain samples were
concentrated 100-fold by ultracentrifugation. The result-
ing samples were allowed to react with MT-4 cells at 37°C
for 30 min, and then washed with PBS to remove unre-
acted viruses. A pair of MT-4 cells and the anti-HIV-1
gp120 (V3) monoclonal antibody (0.5f) were reacted at
37°C for 30 min. The cells were washed and then reacted
with anti-mouse IgGl antibody labeled with FITC (Re-
search Diagnostics, Flanders, N.J., USA) at 37°C for 30
min. The cells were washed and then re-suspended in PBS
containing 3% formaldehyde. The fluorescence intensity
of the suspension was measured using a flow cytometry
(Epics XL, Beckman Coulter, Fullerton, Calif., USA.), and
the percentage fluorescence intensity of the cells was
calculated.

Results
Generation of high pressures in the vessels

The chamber was filled with water, tightly sealed, and
stored at sub-zero temperatures in a temperature-controlled
freezer for 24 h.

The relationship between the pressure generated in the
vessel and the temperature of the freezer is shown in Fig. 1.
The pressure in the vessel decreased approximately linearly
in the range of 0°C to —30°C, reaching 250 MPa at —30°C.
The curve precisely fitted the equilibrium curve of water
and type I ice in the range of 0°C to —22°C. However, the
pressure generated increased with decreasing temperature
in the range of —22°C to —30°C, reaching 250 MPa at
—=30°C, indicating that super-cooling had occurred in the
range of —22°C to —30°C.
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Fig. 1 Relationship between pressure generated in the pressure
chamber and temperature of the cooling bath. The pressure chamber
was kept in the cooling bath at different temperatures for 2 h, and the
pressure generated in the chamber was read on the pressure gauge.
= Observed pressure, - - - equilibrium curve of water and type I or
type HI ice (from Bridgman 1912)

Effect of the treatment by FPGM on viral infectivity

The relationship between cold treatment temperature and
virus inactivation was examined. The infectivities of the
T-cell-tropic HIV-1 strain, LAI, and the macrophage-tropic
HIV-1 strain, Ba-L, decreased to approximately 1/100 at
—10°C, and became inactivated below the lower limit of
detection at —20°C and —30°C (Table 1).

To examine the effects of treatment by FPGM in a wide
range of virus strains, we used four T-cell-tropic and four
macrophage-tropic strains. Treatment by FPGM at —30°C
destroyed the infectivity of all HIV-1 strains, including
clinical isolates and strains resistant to anti-AIDS drugs

(Fig. 2).

Effect of treatment by FPGM on RTactivity

The effect of treatment by FPGM on RT activity of HIV-1
samples was measured (Fig. 3). Treatment by FPGM at

Table 1 Effects of freeze pressure generation on human immuno-
deficiency virus type 1 (HIV-1) infectivity. T-cell tropic strain (LA[)
and macrophage-tropic strain (HTLV-Il[Ba-L) of HIV-1 were kept in
open vessel or sealed vessel at —10, —20 and —30°C for 24 h, then
warmed to 4°C, and viral infectivity was measured. Data are mean
values for two separate experiments

Strain of HIV-1 -10°C -20°C -30°C
Open Sealed Open Sealed Open Sealed
vessel vessel vessel vessel vessel vessel

LAI (log TCIDsy/ml) 525 3.5 525 <05 55 <05
HTLV-HIBa-L (log ~ 6.69 445 672 <10 6.11 <10
BFU%/ml)

3BFU Blue focus units

TCTCTCTCTC

=

Infectivity (log BFUM 00pL)

LAl RF KK-2 KK-1 Ba-L KK-20KK-23 KK-86-4

Fig. 2 Effects of the freeze pressure generation method (FPGM) on
human immunodeficiency virus type 1 (HIV-1) infectivity. Four T-
cell-tropic strains and four macrophage-tropic strains of HIV-1 were
kept in an open or sealed vessel at —30°C for 24 h, then warmed to
4°C, and viral infectivity was measured. 7 Sample was kept in the
sealed vessel, C sample was kept in the open vessel, BFU blue focus
units, dotted line is limitation of detection. Data are mean values for
two separate experiments

120
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Fig. 3 Effects of FPGM on the reverse transcriptase (R7) activity of
HIV-1. Relative RT activity is the ratio between the RT activity of
the sample in the open vessel and the sealed vessel. Data are mean
values for two separate experiments

900
8004

p24 (ng/mL)

T ¢C T C€C T C T C T C
LAl RF KK-2 KK-1 HiBa-L

Fig. 4 Effects of FPGM on viral core values. The level of the HIV-1
core protein p24 in viral samples was measured using antigen-
detecting EIA methods. T" Sample was kept in the sealed vessel, C
sample was kept in the open vessel. Data are mean values for two
separate experiments
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