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Abstract
AIM: To determine whether one genotype (A or non-A
genotypes of HBV) predominated over the other during the
course of HBV infection.

METHODS: Four baboons were inoculated with HBV. DNA
was extracted from serum obtained at monthly intervals post-
inoculation for 52 weeks and HBV DNA was amplified using
primers specific for the core region containing an insert
characteristic of genotype A (nt 2 354-2 359, numbering
from the EcoRI site). The amplicons were cloned into PCR-
ScriptTM and a minimum of 15 clones per time point were
sequenced in both directions.

RESULTS: Both genotypes persisted for the entire follow-
up period of 52 weeks. Genotype non-A predominated in
two baboons and genotype A in one baboon. Neither
genotype predominated in the fourth baboon, as shown at
a 5 % level of testing.

CONCLUSION: No conclusions concerning the dominance
of either genotype or the natural progression or replication
rates of HBV could be drawn because the pattern of the
genotypes found may have been caused by sampling
fluctuations at the time of DNA extraction and cloning as a
result of the very low viral loads in the baboon sera.
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INTRODUCTION
Xenografts from closely related non-human primates or pigs
have been suggested as one way to alleviate the chronic
shortage of donor organs for human liver transplantation.
Baboons (Papio species) which are phylogenetically close to
humans, have reasonably large livers, and are not endangered.
They have already been the source of xenografts for two
humans undergoing liver transplantation[1-3] (as well as for a
few patients receiving kidney or heart transplants[2, 4-6]). The
use of liver xenografts would, however, be precluded if they

were infected by zoonotic pathogens. In addition, because
chronic hepatitis C and B virus infections are now the most
frequent causes of end-stage liver disease requiring
transplantation in humans[7], the donor livers should be resistant
to infection with these viruses. Our study has previously shown
that Chacma baboons (Papio ursinus orientalis) are resistant
to infection of hepatitis C virus[8] but are susceptible to infection
of hepatitis B virus (HBV)[9].
      In the latter study[9], pooled serum from three patients with
acute hepatitis B (the serum of all three was HBV surface
(HBsAg)- and e antigen (HBeAg)-positive and had high titers
of HBV DNA) had been injected into the baboons. Direct
sequencing of HBV DNA amplified at various times post-
inoculation indicated that the baboons had been inoculated with
a mixed population of HBV. Cloning of the HBV DNA
amplified from the inoculum revealed that it fortuitously
contained approximately equal proportions of A and non-A
genotypes of HBV. HBV has been classified into genotypes
A-H, with an intergenotypic diversity of at least 8 %[10-13].
Genotype A accounts for 80 % and genotype D for 10 % of the
genotypes found in southern Africa, with the other genotypes
being either absent or present in very few isolates[14]. HBV
genotypes have a characteristic geographical distribution[15],
which help in tracing the route of HBV infection[16], and may
influence the severity and outcome of infection with this
virus[17]. However, little is known about the natural progression
and severity of the infection when more than one genotype is
present[18].
    Co-infection with two or more genotypes may be the
consequence of multiple exposures to infection at an early age
when immune responses are immature or in older individuals
with immune disorders[19], or the result from genotype changes
during seroconversion from e antigen positivity to negativity[20].
Documented cases of co-infection with more than one genotype
of HBV were rare[18,19,21,22], and the natural progression of HBV
infection in this circumstance has not been thoroughly
evaluated. In one patient studied recently, infection with
genotypes D and A (with D predominant) was serologically
“silent” (HBsAg-negative but HBV DNA-positive), although
with pathological consequences because the patient was
cirrhotic and died of liver failure[18]. This patient may be of
particular interest in view of our failure to detect HBsAg in
the serum of our HBV DNA-positive inoculated baboons[9].
Therefore, the opportunity was taken in the present study to
monitor the changes over time in the relative proportions of
genotypes A and non-A in the inoculated baboons and to
ascertain if the two genotypes differed in their rate of replication
or in their ability to persist in the inoculated baboons.

MATERIALS AND METHODS
Samples
For this study, serum samples which were collected at 4-weekly
intervals from 4 baboons infected by inoculated HBV[9] were
analyzed which was started at week 8,. Because the initial
phases of the study included the housing and inoculation of
the baboons, the collection of serum samples were carried out
at the Medical University of Southern Africa, this study was
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undertook with the permission given by the Animal Ethics
Committee of that institution. The Committee approved the
procedures, and the care of the baboons according to its
guidelines and those of the South African Medical Research
Council. Each of the baboons had received intravenous
injection of 1 ml pooled serum obtained from 3 HBV surface
antigen (HBsAg) and HBV e antigen (HBeAg)-positive patients
with clinically-overt acute hepatitis B. The concentration of
HBV DNA in the pooled sera was 2 133 pg/ml (which was
2 982 pg/ml in another laboratory) using the Digene Hybrid
Capture System (Digene Diagnosis Inc., Beltsville, MD, USA);
the values in the individual isolates were 2 870 pg/ml, 6 660
pg/ml and 692 pg/ml, respectively. Using methods of
amplification and cloning (see below), the HBV DNA amplfied
from the pooled inoculum was shown to contain equal
proportions of genotype A and non-A of HBV. All of the
baboon sera were tested for HBsAg, anti-HBc, and anti-HBs
using commercially available assays (Abbott Laboratories,
Chicago, IL, USA). All serum samples were stored at -20 .

PCR assay of HBV
HBV DNA levels were assessed with a quantitative PCR assay
(AmplicorTM HBV monitor test, Roche Diagnostics). Briefly,
50 µl of serum were prepared with pre-treatment with
polyethylene glycol, alkaline lysis of the pelleted viral particles,
and neutralization of the lysate. After adding a fixed amount
of internal standard and a PCR mix, 30 cycles of PCR
amplification were performed according to the manufacturer’s
instructions. Biotinylated amplicons were captured on
strepavidin-coated microwells and hybridized with specific
dinitrophenyl-labelled oligonucleotide probes. It was incubated
with alkaline phosphatase conjugated anti-DNP antibodies and
a colorimetric substrate, then a kinetic of O.D. determination
of HBV DNA levels was performed. The limit of detection of
this PCR assay was 400 copies of viral genome per ml, and
quantitation was linear up to 4×107 copies per ml[23,24].

DNA extraction
DNA was extracted from serum using the QIAamp blood kit
(Qiagen Inc., Hilden Germany), according to the manufacturer’s
instructions and as previously described[25]. Known positive
and negative sera, as well as best quality water were used as
controls for the extraction procedure.

PCR of HBV DNA
HBV DNA in the core region was amplified using primers
designed to amplify all the HBV genotypes (Table 1A and
1B). PCR was performed in 25 µL and 50 µL final reaction
volumes for the first and second rounds, respectively. The
reaction for the first round of the PCR consisted of 0.02 U/µL
DynazymeTM Taq DNA polymerase (version 2.0, Finnzymes
OY, Espoo, Finland), 200 µmol/L of each of the nucleotide
triphosphates, 1 µmol/L of each of the primers, 4 mmol/L
MgCl2 and 10 mmol/L Tris-HCl (pH 8.8 at 25 ), 50 mmol/L
KCl, and 0.1 % Triton® X-100. The reaction mixture for the
second round of the PCR was the same as for the first round
except that 1.5 mmol/L MgCl2 was used. A third round of PCR
was used on the serum from those time points that were
negative after 2 rounds of PCR. The reaction mixture was the
same as for the second round of PCR except that concentrations
of MgCl2  of 1.0 mmol/L, 1.5 mmol/L, and 1.5 mmol/L, were
used for the first, second, and third rounds of PCR, respectively.
All PCR assays were performed in a programmable thermal
cycler (Perkin Elmer, Norwalk, CT, USA) with the 3-step
cycling profile shown in Table 1B. Sera positive for HBsAg,
HBeAg, and HBV DNA detected by slot-blot hybridization
were used as positive controls and best quality water instead

of DNA as negative controls. To avoid cross-contamination
and false-positive results, the precautions and procedures
recommended by Kwok and Higuchi[26] were strictly adhered
to DNA extraction, the various stages of PCR amplification,
and gel electrophoresis were performed in physically separate
venues.

Table 1A  Oligonucleotide primers

Primer Positiona      Sequence

1687(+) 1687-1706   5’CGA CCG ACC TTG AGG CAT AC 3’

Double- PCR1 2498(-) 2498-2477   5’AAG CCC AGT AAA GTT TCC CAC C 3’

round 2267(+) 2267-2284   5’ GGA GTG TGG ATT CGC ACT 3’

PCR PCR2 2436(-) 2436-2419   5’ TGA GAT CTT CTG CGA CGC 3’

1687(+) 1687-1706    5’CGA CCG ACC TTG AGG CAT AC 3’

Triple- PCR1 2498(-) 2498-2477    5’AAG CCC AGT AAA GTT TCC CAC C 3’

round 1795(+) 1795-1812    5’ TGG TCT GTC GAC CAG CAC 3’

PCR PCR2 2436(-) 2436-2419    5’ TGA GAT CTT CTG CGA CGC 3’

2267(+) 2267-2284    5’ GGA GTG TGG ATT CGC ACT 3’

PCR3 2400(-) 2400-2382    5’ CTG CGA GGC GAG GGA GTT 3’

Table 1B  Polymerase chain reaction cycling profiles

           Amplification conditions
Sizeb

Denaturation    Annealing      Extension

Double-round PCR1   94oC 30 sec      62oC 40 sec     72oC 80 sec       812bp

PCR

PCR2   94oC 30 sec      57oC 50 sec     72oC 50 sec       170bp

Triple-round PCR1   94oC 30 sec      62oC 40 sec     72oC 80 sec        812bp

PCR

PCR2   94oC 30 sec      48oC 60 sec     72oC 50 sec        642bp

PCR3   94oC 30 sec      50oC 60 sec     72oC 50 sec        134bp

Notes: PCR1: the first round polymerase chain reaction; PCR2:
the second round polymerase chain reaction; PCR3: the triple
round polymerase chain reaction. (+) sense; (-) anti-sense.
aDenotes the nucleotide position of hepatitis B virus adw ge-
nome (GenBank accession #V00866) where the EcoRI cleavage
site is position 1. bSize of the amplicons in base pairs.

Detection of amplified products
A 5 µl aliquot of the amplified PCR product was electrophoresed
in a 2 % agarose gel. Bands of the appropriate size (Table 1A
and 1B) were visualised under ultraviolet light after ethidium
bromide staining.

Cloning and nucleotide sequencing
Following the double or triple round PCR, amplicons were
cloned using PCR-Script (Stratagene, La Jolla, CA, USA).
Plasmid DNA was extracted using the QIAprep spin miniprep
kit (Qiagen Inc., Hilden, Germany) and restricted with Pvu II
to confirm the presence of the correct insert (Table 1A and
1B). Sequencing of positive clones was performed using the
T7 Sequenase Version 2.0 DNA sequencing kit (Amersham
Life Science Inc., Cleveland, OH, USA). Sequences were
analyzed in both forward and reverse directions with primers
T3 and T7 on 8 % glycerol-tolerant acrylamide gels and
autoradiographed. The number of clones of A and non-A
genotypes obtained at each time point was used as a measure
of the relative proportions of the two genotypes in the serum
at that time.

Statistical analysis
Fisher’s Exact test and the Chi-squared tests were used for
statistical analysis, where appropriate.



RESULTS
HBV DNA was detected in the serum using either double or
triple round PCR in the four inoculated baboons at various
time points during the 52-week follow up period. For baboons
1 and 13 HBV DNA concentration was determined at various
time of post-inoculation using the Amplicor HBV MonitorTM

Test (Table 2). When serum was available for further analysis
and HBV DNA was successfully amplified, the amplicons were
cloned and sequenced. Genotype A was distinguished from
the other genotypes by the sequence 5’CGGGAC3’ (nt 2 354
-nt 2 359, numbering from the Eco R1 site) that is specific to
this genotype (Figure 1). Depletion of inoculum serum
prevented us from amplifying the S region and carrying out
restriction fragment length polymorphisms in order to assign
the non-A genotype to one of genotypes B to H. Although we
could not preclude the possibility that the non-A isolates were
comprised of more than one genotype, the most likely genotype
would be genotype D, the genotype besides A commonly found
in South Africa[14].

Figure 1  Sequence profiles of the core region (nucleotides 2 340-
2 368 numbering from the EcoRI site) showing the insertion of
5’CGGGAC3’ (nucleotide 2 354-2 359) found in genotype A and
its absence in genotypes non-A.  Tracks G, A, T and C are labelled.

Table 2  HBV DNA levels measured by the amplicor HBV moni-
tor test

HBV DNA Levels (genomes/ml)
Time of post-
inoculation (months)

          2          3         4         5        6     7        8           9        10       10

Baboon 1        <400   <400   4 338   3 711   ns   ns    <400       ns   <400   <400

Baboon 13        <400      ns       ns       ns      ns   ns   2 6216  1 003    ns      ns

Notes: ns: no serum available.

     Figure 2 showed the relative concentration of genotypes A
and non-A at the various time points represented as a percentage
of the total number of clones obtained and sequenced at that
time point. The hypothesis of equal proportions of the genotypes
over time was rejected for all four baboons (P<0.002 in each
instance). For each specific time/baboon combination, the
hypothesis that the proportions of genotype A and non-A were
equal was rejected in all but 4 cases, namely, at 10 months for
baboons 2 and 12, and at 11 months for baboons 1 and 13.

      Genotype non-A predominated in two baboons (baboon 2
and 13) and genotype A in one baboon (baboon 1); neither
genotype predominated in the fourth baboon (baboon 12), as
shown at a 5 % level of testing. In the three baboons in which
one or other genotype predominated, there was at least one
time-point at which the non-dominant genotype was present
in the highest concentration at a proportion significantly
different from zero.

Figure 2  The change of genotype of hepatitis B virus at various
time of post-infection which was represented as a percentage.
The number of clones sequenced at each time point was showed
in brackets. *ino: inoculum.
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DISCUSSION
Neither HBsAg nor antibody to HBsAg (anti-HBs) was
detected by conventional tests in the serum of the four
inoculated baboons at any time during the 52 weeks they were
monitored[9]. HBV DNA identical to either the A or non-A
HBV genotypes inoculated was, however, detected in each
baboon throughout the follow-up period, and the presence of
anti-HBc and Dane particles, small spherical particles and
tubular particles was demonstrated in the serum at 16 weeks[9].
The viral titers in the baboons were low (Table 2), as shown
by the need to use nested PCR amplification to detect HBV
DNA at all time points and three rounds of amplification at
some time-points. No biochemical evidence of liver injury was
evident at any stage and liver histology was normal at 52 weeks.
These findings together suggested that the animals had become
chronic asymptomatic carriers of the virus.
    We had hoped that a clear pattern of different rates of
replication of the two genotypes would be evident. However,
no uniform pattern could be discerned in the relative
concentration of genotypes A and non-A during the 52 weeks
(Figure 2). Other explanations of a technical nature for the
varying concentrations of the genotypes were needed therefore
to be considered. One possibility was that the number of clones
sampled at each time-point was too small to accurately assess
the relative proportions of the genotypes in the serum at that
time. This explanation was not supported by statistical analysis
of the numbers of clones involved at each time point. A more
likely explanation was that the low copy number of the
genotypes resulted in sampling error at the time of HBV DNA
extraction and cloning. This explanation was particularly
apposite for the genotype pattern in baboon 13, in which
genotype A alone was found in a single sample, whereas at all
other time-points on either side of this sample, genotype non-
A either predominated or was the sole genotype cloned (Figure
2A). It was also relevant that the conditions created in the study
were artificial on two counts: the approximately equal
concentrations of the two genotypes inoculated into the
baboons resulted from the pooling of three serum samples from
different patients, and we were assessing the effects of a human
virus injected into a non-human primate.
    Jeantet and co-workers were able to clone and sequence
entire HBV genomes and found a number of mutations in the
surface, precore and other regions affecting expression of the
surface gene in both genotypes[18]. The A genotype was fully
replication competent, although, surprisingly, this was not true
of the predominant D genotype. Sequencing of the subgenomic
amplicons of HBV from our infected baboons did not reveal
any mutations in the core region of the HBV isolates. Full
genome analysis was impossible in our study because the study
was carried out retrospectively. Either the serum samples were
depleted or when serum was available full genome amplification
did not work, possibly because of the low viral load.
     The very low concentrations of HBV in the serum of the
infected baboons (Table 2) and the resulting likelihood of
sampling error during viral DNA extraction and cloning
prevented us from drawing firm conclusions about the natural
progression over time of genotypes A and non-A replication
in baboons. The study did however show that both genotypes
persisted for the entire period of 52-week of follow-up.
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