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Occult Hepatitis B Virus Infection in
Chacma Baboons, South Africa

Caroline Dickens, Michael C. Kew, Robert H. Purcell, and Anna Kramvis

During previous studies of susceptibility to hepatitis B
virus (HBV) infection, HBV DNA was detected in 2/6 wild-
caught baboons. In the present study, HBV DNA was am-
plified from 15/69 wild-caught baboons. All animals were
negative for HBV surface antigen and antibody against HBV
core antigen. Liver tissue from 1 baboon was immunohisto-
chemically negative for HBV surface antigen but positive for
HBV core antigen. The complete HBV genome of an isolate
from this liver clustered with subgenotype A2. Reverse tran-
scription PCR of liver RNA amplified virus precore and sur-
face protein genes, indicating replication of virus in baboon
liver tissue. Four experimentally naive baboons were inject-
ed with serum from HBV DNA-positive baboons. These 4
baboons showed transient seroconversion, and HBV DNA
was amplified from serum at various times after infection.
The presence of HBV DNA at relatively low levels and in the
absence of serologic markers in the baboon, a nonhuman
primate, indicates an occult infection.

Hepatitis B virus (HBV) is a 3.2-kb partially double-
stranded virus belonging to the family Hepadnaviri-
dae. The outcome of infection with this virus is determined
mainly by the immune response of the host and can be
acute, chronic, or occult. HBV is divided into 9 genotypes
(A-I); an additional genotype, J, has also been proposed
(1-3). Several genotypes are further divided into subgeno-
types. In sub-Saharan Africa, subgenotypes Al and D3 and
genotype E circulate (4).

Hepadnaviruses can infect avian and mammalian hosts
but have a limited host range, infecting only their natural
hosts and a few closely related species. Naturally occurring
infections have been found in several Old and New World
nonhuman primates, such as chimpanzees (5), gorillas
(6), gibbons (7), orangutans (8) and woolly monkeys (9).
HBYV, whose natural host is humans, also infects chimpan-
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zees (10); Barbary macaques (//); and tree shrews (/2), in
addition to humans.

Baboons (Papio species) have been proposed as a pos-
sible animal model of HBV infection. Phylogenetically,
baboons are close to humans, showing *96% homology at
the DNA level, and they have an immune system similar
to that of humans (/3). Early studies involving injection
of baboons with HBV-positive serum failed to detect any
clinical or biochemical signs of infection in these primates,
and initial serologic surveys failed to detect HBV surface
antigen (HBsAg) in serum, leading to the conclusion that
baboons were not susceptible to HBV infection (/4). This
supposed lack of susceptibility of baboons to infection with
HBYV, and the fact that unlike chimpanzees, baboons are
not an endangered species, intimated that baboons were
good candidates for sources of liver for xenotransplants.
The use of xenotransplants from pigs and nonhuman pri-
mates to humans was considered to overcome the donor
shortage and to bridge patients with terminal hepatic failure
until a human donor organ became available (15).

To confirm that baboons were not susceptible to HBV
infection, Kedda et al. injected 6 wild-caught Chacma ba-
boons (Papio ursinus orientalis) with pooled HBV-positive
serum and analyzed the baboons for 52 weeks by using sen-
sitive molecular techniques to detect evidence of transmis-
sion (/6). HBV DNA was detected by nested PCR in serum
and liver of 4 of the baboons <52 weeks after injection.
Liver function and histologic results were within reference
ranges, and HBsAg was not detected in serum (/6). How-
ever, during that study, HBV DNA was detected by using
nested PCR in serum of 2 of the 6 baboons at baseline,
before injection with HBV. The presence of HBV DNA
was confirmed by retesting samples in independent labo-
ratories. This finding raised the possibility that baboons
were naturally infected with a hepadnavirus. The aims of
the present study were to determine the prevalence of HBV
in wild baboons, molecularly characterize the virus isolated
from these baboons, determine whether the virus replicates
in the baboon liver, and demonstrate viral transmission to
experimentally naive baboons.
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Methods

Serum samples obtained from 49 adult and 20 juve-
nile Chacma baboons caught in the Western Cape, Eastern
Cape, and Limpopo Provinces of South Africa were stored at
—70°C. Liver tissue (fresh frozen and formalin-fixed) was ob-
tained from 1 of the adult wild-caught baboons (hereinafter
referred to as baboon 9732), which was euthanized for medi-
cal and ethical reasons. Permission for this study was ob-
tained from the Animal Ethics Committee of the University
of the Witwatersrand. All procedures were approved by this
Committee. Baboons were provided care according to the
guidelines of the South African Medical Research Council.

Serologic and Immunohistochemical Analysis

Baboon serum samples were tested for HBsAg and for
antibodies against HBV core antigen (anti-HBc) by using
commercially available assays (Abbott Laboratories, Ab-
bott Park, IL, USA). Alanine and aspartate aminotransfer-
ase levels were measured by using a 747 Automatic Ana-
lyzer (Hitachi, Tokyo, Japan).

Formalin-fixed liver tissue from baboon 9732 was
used for histologic and immunohistologic preparations.
Liver tissue was embedded in paraffin and sectioned. The
sections were stained with hematoxylin and eosin for his-
tologic examination or with immunoperoxidase and poly-
clonal antibodies to HBsAg and HBV core antigen (HB-
cAg) to detect HBsAg and HBcAg in hepatocytes.

Hepatitis B Virus Infection in Chacma Baboons

Southern Hybridization Slot Blot

Baboon serum samples were blotted onto a nylon mem-
brane by using a slot-blot manifold according to the protocol
described by Zaaiger et al., which has a detection limit of 2.5
x 107 HBV genomes/mL (/7). HBV DNA was detected by
Southern blot hybridization with a 32P-labeled HBV DNA
probe (HBV DNA in pBV325 vector, adr subtype).

DNA Extraction and Amplification and
Phylogenetic Analysis

DNA was extracted from 200 pL of baboon serum by
using the QIAamp DNA Blood Mini Kit (QIAGEN, Hilden,
Germany) according to the manufacturer’s instructions.
DNA was also extracted from baboon liver tissue by us-
ing a phenol-chloroform extraction method (/8). Extracted
DNA was quantified by using spectrophotometric analysis
with a NanoDrop ND-1000 Spectrophotometer (NanoDrop
Technologies Inc., Wilmington, DE, USA).

Subgenomic nested PCR amplifications of the precore/
core (nt 1732-2045 and nt 1765-1968), core (nt 1687—
2498 and nt 2267-2436), polymerase (nt 2540-2896 and
nt 2566-2858), and surface (nt 255-759 and nt 459-710)
regions were used to confirm the presence of HBV DNA in
the serum extracts by using 40 cycles (/6). The sensitivity
of these amplifications is 40400 HBV genomes/mL (/9).

The complete viral genome was amplified by using 8
overlapping subgenomic fragments (Figure 1). Thermocycling
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Figure 1. Amplification of the hepatitis B virus (HBV) genome by using overlapping subgenomic fragments. Shown are 8 overlapping
subgenomic fragments amplified by nested PCR, These fragments were used to generate the complete HBV sequence isolated from
liver tissue of Chacma baboon 9732, South Africa. Dashed gray boxes indicate first-round PCRs, and white boxes indicate second-round
PCRs. Values along the 2-headed arrow at the top are in basepairs from the EcoRl site of the circular genome of HBV. Small arrows within

boxes indicate the direction of amplification.
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conditions and sequences for primers 58, 409, 730, 1101, 1450,
1860, 2440, and 2853 were obtained from Hu et al. (20). Ad-
ditional primers used were 1575 (5'-CCGGCAGATGAGA-
AGGCACAGACGG-3"), 1528 (5'-ACCTCTCTTTACGCG-
GTCTC-3'), 1552 (5'-TCTGTGCCTTCTCATCTGCC-3"),
1800 (5'-AGACCAATTTATGCCTACAGCCTCCTA-3"),
1803  (5'-CGCAGACCAATTTATGCCTAC-3"), 1898
(5'-GGCATGGACATTGACCCGTA-3"), 1921 (5'-TT-
TATACGGGTCAATGTC-3"), 2800 (5'-CAGGTAGC-
GCCTCATTTTGTGGGTCACCATATTCT-3'), and 2898
(5'-GAGGATTGGGAACAGAAAGATT-3'). All nucleotide
numbering refers to the position from the EcoRI site as posi-
tion 1.

Amplicons were sequenced directly by using the Big-
Dye Terminator version 3.1 Cycle Sequencing Ready Re-
action Kit (Applied Biosystems., Foster City, CA, USA)
and sequenced on an ABI3130x/ Genetic Analyzer with 16
capillaries (Applied Biosystems) and the same primers that
were used for amplification. The sequence has been depos-
ited in GenBank under accession no. JX507080. The HBV
genomic sequence obtained from the baboon was compared
with corresponding sequences of HBV from GenBank as
described (4).

RNA Extraction, Reverse Transcription,
and Amplification

RNA was extracted from varying amounts of baboon
liver tissue by using the guanidinium-acid-phenol method
(21) and digested with RNase-free DNase I (Fermentas,
Waltham, MA, USA) to remove any contaminating DNA.
The RNA concentration was determined by spectropho-
tometry with the NanoDrop ND-1000 Spectrophotometer.
cDNA was generated by using SuperScript Il reverse tran-
scriptase (Invitrogen, Carlsbad, CA, USA) and oligo(dT),,
primers (Invitrogen) in accordance with the manufacturer’s
instructions. Non-reverse transcribed negative controls
were prepared in an identical manner except that diethy-
lopyrocarbonate—treated water (Invitrogen) was added to
each reaction instead of reverse transcriptase. The suc-
cess of the reverse transcription reaction was confirmed
by PCR amplification of a portion of the glyceraldehyde-
3-phosphate dehydrogenase gene (22). Subgenomic nested
PCR amplifications of the precore/core (nt 1732-2045 and
nt 1765-1968) and surface (nt 255-759 and nt 459-710)
regions were also performed.

Detection of Covalently Closed Circular DNA

DNA was extracted from baboon liver tissue by us-
ing the QIAamp DNA Mini Kit (QIAGEN). DNA extracts
were treated with Plasmid-Safe ATP-Dependent DNase
(Epicenter Biotechnologies, Madison, WI, USA) to se-
lectively hydrolyze linear double-stranded chromosomal
DNA while leaving HBV covalently closed circular DNA
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(cccDNA) intact. The cccDNA was detected by real-time
PCR (23) with the Power SYBR Green PCR Master Mix
(Applied Biosystems).

Transmission of HBV to Experimentally
Naive Baboons

Transmission of HBV to experimentally naive ba-
boons was performed at the National Institutes of Health
(Bethesda, MD, USA). Animals were housed and main-
tained at Bioqual, Inc. (Rockville, MD, USA). Housing
and care of animals complied with all relevant guidelines
and requirements, and the animals were housed in facili-
ties that are fully accredited by the Association for As-
sessment and Accreditation of Laboratory Animal Care
International. All protocols were reviewed and approved
by the Institutional Animal Care and Use Committees of
the National Institute of Allergy and Infectious Diseases
of the National Institutes of Health and Bioqual, Inc. Ex-
perimentally naive, domestically raised baboons were ob-
tained from a domestic breeder (Mannheimer Foundation,
Homestead, FL, USA). Before inclusion of animals in
the study, serum was free of all markers of HBV repli-
cation when tested serologically and by nested PCR as
described above. A liver biopsy to detect HBV DNA was
not performed.

Four experimentally naive baboons were each inocu-
lated with 500 pL of serum obtained from HBV DNA—pos-
itive wild-caught baboons from South Africa. Each baboon
was injected with serum from a single wild-caught baboon.
After injection, serum was obtained from each of the 4
newly injected baboons at weekly intervals. Serum was
used to measure levels of alanine aminotransferase, iso-
citrate dehydrogenase, y-glutamyltranspeptidase, HBsAg,
HBYV e antigen, antibodies against HBV e antigen, antibod-
ies against HBsAg, and anti-HBc.

DNA extracted from serum samples was used for nest-
ed PCR amplification of a region of the surface gene (nt
459-710). Twenty-five weeks after injection, the study was
terminated and the baboons were euthanized. At necropsy,
liver tissue and serum was obtained from each baboon for
further testing to confirm that virus extracted from experi-
mentally naive baboons was the same as that found in the
original baboons.

Results

Prevalence of HBV in Wild-caught Baboons
in South Africa

The prevalence of HBV in the baboon (P. ursinus ori-
entalis) population in South Africa was determined by ex-
tracting DNA from serum of 69 wild-caught baboons and
amplifying 4 regions of the viral genome (the precore/core,
core, polymerase, and surface regions) by nested PCR.
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HBV DNA could not be amplified with a single-round
PCR, indicating that HBV DNA was present at low levels
in baboon serum.

Using the criterion of >3 of the 4 regions being PCR
positive, we found that 11 (22.4%) of 49 adult and 4
(20.0%) of 20 juvenile wild-caught baboons were positive
for HBV. The overall prevalence of hepadnaviral DNA in
baboons was 21.7% (15/69). Furthermore, the presence and
specificity of the HBV DNA was confirmed when detected
directly in the serum of 5 of the 69 baboons by using South-
ern blot analysis. Only 5 of the 15 PCR-positive serum
samples were positive by Southern hybridization because
of the relatively lower sensitivity of this method.

Serologic, Liver Function, and Immunohistologic Tests
Serum samples from 4 of the 15 HBV DNA—positive
baboons, for which additional serum was available, were
tested and found to be negative for HBsAg and anti-HBc.
Alanine and aspartate aminotransferase levels were within
reference ranges, and after high-speed centrifugation and
treatment with antibody against HBsAg, no viral particles
were observed in the serum by electron microscopy. His-
tologic examination of liver tissue from 1 of these baboons
(9732) showed mild focal lobular hepatitis but no evidence
of interface hepatitis, bridging necrosis, dysplasia of he-
patocytes, cirrhosis, or hepatocellular carcinoma (Figure
2, panel A). Immunohistochemical staining of liver tissue
showed HBcAg in nuclei of some hepatocytes with a patchy
distribution (Figure 2, panel B). HBsAg and 42-nm envel-
oped (Dane) particles were not detected in the cytoplasm.

Amplification, Sequencing, and Phylogenetic Analysis
of HBV Genome from Baboon Liver

The low viral loads indicated that the complete HBV
genome could only be amplified subgenomically and
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Hepatitis B Virus Infection in Chacma Baboons

because of the small volumes of serum available, liver tis-
sue obtained from baboon 9732 was used to further char-
acterize HBV in baboons. The complete HBV genome was
amplified by nested PCR of 8 overlapping subgenomic
fragments (Figure 1).

Phylogenetic analyses of the complete genome
showed that HBV from the baboon was closely related
to HBV subgenotype A2 (Figure 3). This finding was
confirmed by comparison of mean + SD nucleotide di-
vergence calculations compared to subgenotype A2 (1.00
+ 0.55) and to subgenotype Al (4.52 + 0.42). Similar re-
sults were obtained for each of the 4 open reading frames.
The baboon HBV had mutations in the basic core pro-
moter and precore regions not found in subgenotype A2.
These mutations included the G1809T/C1812T double
mutation in the Kozak sequence preceding the precore
protein start codon and G1888A in the precore region.
G1809T/C1812T mutations are characteristic of sub-
genotype Al, and G1888A is unique to subgenotype Al
(4,24). Translation of the 4 open reading frames showed
them to be well conserved relative to the consensus se-
quence of subgenotype A2 with the following exceptions:
T380C resulting in an rtV84A in conserved region A of
the polymerase and a C76R in HBsAg; A2019G resulting
in an E40G in the core protein; and C1470T resulting in
a P33G in the X protein and T1765C resulting in a P145S
in the X protein.

Expression of HBV RNA in Baboon Liver Tissue

RNA extracted from liver tissue of baboon 9732
was reverse transcribed and amplified in precore/core
(nt 1765—-1968) and surface (nt 459-710) open reading
frames (Figure 4). Sequences of these amplicons were
identical to sequences of the DNA isolated from liver of
baboon 9732.

Figure 2. Liver tissue from Chacma baboon 9732, South Africa, showing lobular hepatltls Liver tlssue was obtained at necropsy, fixed
in formalin, embedded in paraffin, and sectioned. A) Hematoxylin and eosin staining, showing a focus of mild lobular hepatitis but no
evidence of interface hepatitis or bridging necrosis. Portal tracts are normal. B) Immunoperoxidase staining with polyclonal antibody
against hepatitis B core antigen. Core antigen was detected in the occasional hepatocyte nucleus. Arrows indicate selected positive nuclei.
Original magnifications x400.
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Figure 3. Dendogram of the complete hepatitis B virus (HBV)
genome isolated from Chacma baboon 9732, South Africa. Samples
representative of all 8 HBV genotypes and primate hepadnaviruses
are included. Samples are numbered according to their GenBank
accession numbers, followed by their country of origin. The
sample from baboon 9732 (boldface) clusters strongly with the
subgenotype A2 isolates (bootstrap value 100). Letters along the
right indicate genotypes. Values along branches are bootstrap
values. Scale bar indicates nucleotide substitutions per site.

Identification of cccDNA in Baboon Liver Tissue

cccDNA was detected in liver tissue of baboon 9732
by using real-time PCR. DNA from HBV DNA-—positive
tumorous and nontumorous human liver and plasmid DNA
containing a greater than full-length HBV genome were
used as positive controls, and DNA from rat liver tissue
was used as a negative control. HBV cccDNA—positive
controls had melting temperatures of 82.7°C-84.0°C, and
negative controls had melting temperatures <80.0°C. Sam-
ples from the baboon liver tissue showed similar melting
temperatures as positive controls (82.7°C—83.1°C) indicat-
ing that HBV cccDNA was present.

Transmission of HBV from Wild-caught Baboons to
Experimentally Naive Baboons

Each of 4 experimentally naive, domestically raised
baboons was injected with serum from 1 of 4 wild-caught
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HBV DNA-positive baboons. Serum samples from the
experimentally naive baboons were HBV DNA negative
before injection, and baseline levels of aspartate amino-
transferase, alanine aminotransferase, and IgG were also
determined. The baboons were transiently positive for sev-
eral of these markers and were intermittently positive for
HBV DNA in serum. Results for a representative sample
(baboon 2) infected with serum from baboon 9732 are
shown in Figure 5. DNA extracted from liver tissue ob-
tained at necropsy from baboon 2 was used to amplify and
sequence a portion of the surface gene (nt 409—1101). The
sequence of virus extracted from liver tissue of baboon 2
six months after injection was identical to the HBV se-
quence of this region found in original baboon 9732.

Discussion

Detection of HBV DNA in serum samples of 2 Chacma
baboons before injection with human HBV (/6) suggested
that baboons might be chronically infected with HBV. Our
objective was to determine the prevalence of HBV in wild-
caught Chacma baboons and to characterize the virus iso-
lated from these animals. The overall prevalence (21.7%)
of HBV in the baboons is similar to the HBV prevalence in
other nonhuman primates in areas to which HBV is highly
endemic, including sub-Saharan Africa (295).

The baboons were serologically negative, and the 1
baboon examined histologically had mild focal lobular hepa-
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Figure 4. Nested PCR amplification of a subgenomic region of cDNA
for baboon hepatitis B virus, South Africa. Reverse transcribed,
DNase |-treated cDNA products were amplified by PCR, and
amplicons were resolved by electrophoresis on a 1% agarose gel
containing ethidium bromide. Non-reverse transcribed samples
(in which diethyl pyrocarbonate [DEPC]-treated water was added
instead of enzyme during reverse transcription) were included as
negative controls. Top panel: nested PCR 1: 255F-759R; PCR
2: 459F-710R. Bottom panel, 550-bp region of glyceraldehyde-
3-phosphate dehydrogenase gene amplified to assess quality of
mRNA. Lanes 1 and 8, 100 mg of baboon liver tissue used for RNA
extraction; lanes 2 and 9, RNA extraction negative control; lanes
3 and 10, 200 mg of baboon liver tissue used for RNA extraction;
lanes 4 and 11, RNA extraction negative control; lane 5, DNase |
treatment negative control in which DEPC-treated water was added
instead of RNA; lane 6, reverse transcription negative control in
which DEPC-treated water was added instead of cDNA; lanes 7
and 12, double-round nested PCR negative control containing
best-quality water instead of cDNA; lane 13, single-round PCR
negative control containing best-quality water instead of cDNA,;
lane 14, PCR-positive control containing DNA extracted from liver
tissue of baboon 9732 as template.
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titis, and HBcAg was detected in liver tissue by immunohis-
tochemical staining. Detection of low levels of HBV DNA in
baboon liver tissue and in serum in the absence of HBsAg and
at relatively low levels of HBV DNA classifies this infection
as occult (26). Lack of any serologic markers of HBV infec-
tion further distinguishes this infection as a seronegative oc-
cult HBV infection (26). This finding is analogous to a sec-
ondary occult infection in the woodchuck (27). Furthermore,
HBYV DNA was detected in juvenile and adult baboons, sug-
gesting lifelong persistence of the virus, which was success-
fully transmitted to experimentally naive baboons. Detection
of HBV DNA alone does not necessarily correspond to an
HBYV infection (28). Thus, detection of cccDNA and viral
RNA in liver tissue of baboon 9732 showed that HBV was
replicating. The low levels of viral nucleic acids detected in
baboon liver are a further characteristic of occult infections
(27). This study demonstrates a naturally occurring occult
HBYV infection in a nonhuman primate.

Phylogenetic analysis of the baboon HBV genome
showed that it belonged to genotype A, clustering with
subgenotype A2. This finding is an unexpected result be-
cause subgenotype Al predominates in South Africa (24).
However, in the basal core promoter/precore region, the
baboon HBV had distinct characteristics of subgenotype
Al. Four additional mutations in the polymerase, surface,
X, and core regions of the baboon HBV strain differenti-
ated the baboon isolate from most subgenotype A2 iso-
lates. These mutations are not known to cause any major
functional or conformational changes.

Paradoxical identification of subgenotype A2 in the
baboon when subgenotype Al predominates in Africa
might indicate that subgenotype A2 is an older strain that
previously circulated in Africa, which has been replaced by
other strains, including subgenotype Al and genotypes D
and E (29). An analogous trend might have occurred in the
Mediterranean region where genotype D now predominates
over genotype A (30). Similarly, a change in the prevalent
HBYV genotype in central and western Africa has been pos-
tulated to have occurred over the past 200 years, and geno-
type E, originally restricted to the west coast of Africa, now
spreads over a large crescent stretching from The Gambia,
through Nigeria and the Democratic Republic of the Congo
into Namibia and Mozambique (37). There is a paucity of
sequencing data for subgenotype A2 from Africa. Only
4 complete subgenotype A2 genomes from South Africa
have been deposited in GenBank. Shorter subgenomic se-
quences of subgenotype A2 from South Africa (32), Tuni-
sia (33), and Kenya (34) have also been deposited. More
extensive molecular epidemiologic studies in Africa might
uncover a higher circulation of subgenotype A2 in more
remote regions.

Another explanation for the paradoxical finding of
subgenotype A2 in the baboon could be that in Africa, as
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Figure 5. Levels of alanine aminotransferase (ALT) and hepatitis
B virus (HBV) serologic markers and detection of HBV DNA in
baboon 2. Serum obtained from baboon 2 (which was injected
with serum from baboon 9732), and ALT and HBV serologic
marker levels were measured at weekly intervals after injection.
Serum for week O levels was obtained just before injection.
OD:CO indicates optical density:cutoff value ratios. An OD:CO
>1 indicates a positive result. HBV DNA was detected by nested
PCR amplification (255—761 in the first round and 459-710 in the
second round) of a 252-bp region of the virus surface gene by using
DNA extracted from serum obtained from the infected baboon at
weekly intervals. HBsAg, HBV surface antigen; Anti-HBs, antibody
against HBV surface antigen; Anti-HBc, antibody against HBV core
antigen; HBeAg, HBV e antigen; Anti-HBe, antibody against HBV
e antigen. + indicates that the sample amplified successfully at this
time point, and — indicates no amplification of virus DNA. The week
26 time point indicates the result of amplification by using DNA
extracted from serum at necropsy, and the final time point indicates
successful amplification of the virus product from DNA extracted
from liver tissue obtained from baboon 2 at necropsy.
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shown in India, subgenotype A2 isolates are confined to
peripheral blood leukocytes (PBLs). In India, subgenotype
Al and genotype D circulate, but actively replicating HBV
subgenotype A2 isolates have been detected in PBLs (35).
These subgenotype A2 isolates were confined to PBLs and
were not detected in serum. Differential immune pressures
are believed to compartmentalize HBV to different parts of
the body in which different strains evolve independently
(35). Further study will be needed to determine whether
subgenotype A2 is compartmentalized to PBLs in Africa.

In sub-Saharan Africa, most human HBV carriers are
negative for HBV e antigen, and in these persons, spread
of HBV is mainly horizontal (36). In baboons, their natural
habits indicate that horizontal baboon-to-baboon transmis-
sion of HBV is highly probable. Baboons are social ani-
mals, and bonds are strengthened by daily grooming with
several related and unrelated partners, including offspring
(37). Young baboons, like their human counterparts, spend
much of the day playing together. The games can become
quite physical, often leading to mock fights. Physical fights
among male and female adult baboons are rare. Alpha
males tend to be aggressive, and displays of dominance and
chases occur daily.

The well-documented interactions between humans
and baboons make cross-species transmission of this vi-
rus extremely plausible (37). Baboons are the most widely
distributed nonhuman primates in Africa and are found in
virtually all parts of sub-Saharan Africa. They often appear
in ancient Egyptian mythology and art, depicted as captives
brought from southern Africa or as pets on leashes (37).
In southern Africa, baboons have been kept as pets and
trained to work as oxcart drivers, railway laborers, and as
goat herders on farms (37). However, more common are re-
ports of conflict between humans and baboons. In the rural
areas, baboons raid orchards, destroy irrigation pipes, and
kill sheep and goats. Because baboons can become aggres-
sive when challenged, they are often killed by farmers for
being pests. Slaughter of baboons for bush meat could be
another source of exposure to the virus (38).

From the results of the present study, it is impossible
to determine whether baboons were infected with HBV
by humans, as has been hypothesized (39), or whether hu-
mans were infected by baboons. However, as noted by Mi-
chael Lai, a virus expert, “When we expose ourselves to
exotic animals, there is always a risk of being exposed to
something unknown... When we perturb the existing peace
between human beings and nature, we are opening a Pan-
dora’s box, which may contain surprises” (40).

Acknowledgments

We thank C. Brechot for providing the HBV DNA probe
and Allan Paterson for performing serologic and immunohisto-
chemical analysis.

604

M.C.K. was supported by a grant (NRF2K421) from the Na-
tional Research Foundation, South Africa. A.K. was supported by
a grant (00/52) from the Polio Research Foundation, South Africa.
C.D. was supported by bursaries from the National Research Foun-
dation and the Polio Research Foundation. R.H.P. was supported
by the Intramural Research Program of the National Institute of
Allergy and Infectious Diseases, National Institutes of Health.

Dr Dickens is a researcher in the Department of Internal
Medicine, University of the Witwatersrand, Johannesburg, South
Africa. Her main research interests include molecular virology
and cancer.

References

1. Kramvis A, Kew M, Francois G. Hepatitis B virus geno-
types. Vaccine. 2005;23:2409-23. http://dx.doi.org/10.1016/].
vaccine.2004.10.045

2. Yu H, Yuan Q, Ge SX, Wang HY, Zhang YL, Chen QR, et al. Mo-
lecular and phylogenetic analyses suggest an additional hepatitis
B virus genotype “I”. PLoS ONE. 2010;5:¢9297. http://dx.doi.
org/10.1371/journal.pone.0009297

3. Tatematsu K, Tanaka Y, Kurbanov F, Sugauchi F, Mano S, Maeshiro
T, et al. A genetic variant of hepatitis B virus divergent from known
human and ape genotypes isolated from a Japanese patient and pro-
visionally assigned to new genotype J. J Virol. 2009;83:10538-47.
http://dx.doi.org/10.1128/JV1.00462-09

4. Kramvis A, Arakawa K, Yu MC, Nogueira R, Stram DO, Kew MC.
Relationship of serological subtype, basic core promoter and precore
mutations to genotypes/subgenotypes of hepatitis B virus. J Med Vi-
rol. 2008;80:27—46. http://dx.doi.org/10.1002/jmv.21049

5. Zuckerman AJ, Thornton A, Howard CR, Tsiquaye KN, Jones DM,
Brambell MR. Hepatitis B outbreak among chimpanzees at the Lon-
don Zoo. Lancet. 1978;2:652—4. http://dx.doi.org/10.1016/S0140-
6736(78)92761-7

6. Grethe S, Heckel JO, Rietschel W, Hufert FT. Molecular epide-
miology of hepatitis B virus variants in nonhuman primates. J Vi-
rol. 2000;74:5377-81. http://dx.doi.org/10.1128/JV1.74.11.5377-
5381.2000

7. Noppornpanth S, Haagmans BL, Bhattarakosol P, Ratanakorn P, Ni-
esters HG, Osterhaus AD, et al. Molecular epidemiology of gibbon
hepatitis B virus transmission. J Gen Virol. 2003;84:147-55. http://
dx.doi.org/10.1099/vir.0.18531-0

8.  Warren KS, Heeney JL, Swan RA, Heriyanto, Verschoor EJ. A new
group of hepadnaviruses naturally infecting orangutans (Pongo pyg-
maeus). J Virol. 1999;73:7860-5.

9. Lanford RE, Chavez D, Brasky KM, Burns RB III, Rico-Hesse R.
Isolation of a hepadnavirus from the woolly monkey, a New World
primate. Proc Natl Acad Sci U S A. 1998;95:5757-61. http://dx.doi.
org/10.1073/pnas.95.10.5757

10. Maynard JE, Berquist KR, Krushak DH, Purcell RH. Experimen-
tal infection of chimpanzees with the virus of hepatitis B. Nature.
1972;237:514-5. http://dx.doi.org/10.1038/237514a0

11. Gheit T, Sekkat S, Cova L, Chevallier M, Petit MA, Hantz O, et al.
Experimental transfection of Macaca sylvanus with cloned human
hepatitis B virus. J Gen Virol. 2002;83:1645-9.

12. Cao J, Yang EB, Su JJ, Li Y, Chow P. The tree shrews: adjuncts
and alternatives to primates as models for biomedical research. J
Med Primatol. 2003;32:123-30. http://dx.doi.org/10.1034/j.1600-
0684.2003.00022.x

13.  Murthy KK, Salas MT, Carey KD, Patterson JL. Baboon as a nonhu-
man primate model for vaccine studies. Vaccine. 2006;24:4622—4.
http://dx.doi.org/10.1016/j.vaccine.2005.08.047

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 19, No. 4, April 2013



20.

21.

22.

23.

24.

25.

26.

27.

28.

Deinhardt F. Hepatitis in primates. Adv Virus Res. 1976;20:113-57.
http://dx.doi.org/10.1016/S0065-3527(08)60503-5

Luo Y, Taniguchi S, Kobayashi T, Niekrasz M, Cooper DK. Screen-
ing of baboons as potential liver donors for humans. Transplant
Proc. 1996;28:855.

Kedda MA, Kramvis A, Kew MC, Lecatsas G, Paterson AC, Aspinall
S, et al. Susceptibility of chacma baboons (Papio ursinus orientalis)
to infection by hepatitis B virus. Transplantation. 2000;69:1429-34.
http://dx.doi.org/10.1097/00007890-200004150-00037

Zaaijer HL, ter Borg F, Cuypers HT, Hermus MC, Lelie PN. Com-
parison of methods for detection of hepatitis B virus DNA. J Clin
Microbiol. 1994;32:2088-91.

Sykes BC. DNA in heritable disease. Lancet. 1983;2:787-8. http:/
dx.doi.org/10.1016/S0140-6736(83)92314-0

Kew MC, Kramvis A, Yu MC, Arakawa K, Hodkinson J. Increased
hepatocarcinogenic potential of hepatitis B virus genotype A in Ban-
tu-speaking sub-Saharan Africans. J Med Virol. 2005;75:513-21.
http://dx.doi.org/10.1002/jmv.20311

Hu X, Margolis HS, Purcell RH, Ebert J, Robertson BH. Iden-
tification of hepatitis B virus indigenous to chimpanzees. Proc
Natl Acad Sci U S A. 2000;97:1661-4. http://dx.doi.org/10.1073/
pnas.97.4.1661

Chomczynski P, Sacchi N. Single-step method of RNA isolation
by acid guanidinium thiocyanate-phenol-chloroform extraction.
Anal Biochem. 1987;162:156-9. http://dx.doi.org/10.1016/0003-
2697(87)90021-2

Weinberg M, Passman M, Kew M, Arbuthnot P. Hammerhead
ribozyme-mediated inhibition of hepatitis B virus X gene expres-
sion in cultured cells. J Hepatol. 2000;33:142-51. http://dx.doi.
org/10.1016/S0168-8278(00)80171-3

Bowden S, Jackson K, Littlejohn M, Locarnini S. Quantification
of HBV covalently closed circular DNA from liver tissue by real-
time PCR. In: Hamatake RK, Lau JY, editors. Methods in molecular
medicine: hepatitis B and D protocols. Totowa (NJ): Humana Press
Inc.; 2004. p. 41-50.

Kimbi GC, Kramvis A, Kew MC. Distinctive sequence characteristics
of subgenotype Al isolates of hepatitis B virus from South Africa. J
Gen Virol. 2004;85:1211-20. http://dx.doi.org/10.1099/vir.0.19749-0
Sa-Nguanmoo P, Rianthavorn P, Amornsawadwattana S, Poovo-
rawan Y. Hepatitis B virus infection in non-human primates. Acta
Virol. 2009;53:73-82. http://dx.doi.org/10.4149/av_2009 02 73
Raimondo G, Allain JP, Brunetto MR, Buendia MA, Chen DS, Co-
lombo M, et al. Statements from the Taormina expert meeting on
occult hepatitis B virus infection. J Hepatol. 2008a;49:652—7. http://
dx.doi.org/10.1016/j.jhep.2008.07.014

Michalak TI, Pham TN, Mulrooney-Cousins PM. Molecular di-
agnosis of occult HCV and HBV infections. Future Virology.
2007;2:451-65. http://dx.doi.org/10.2217/17460794.2.5.451
Hollinger FB, Sood G. Occult hepatitis B virus infection: a covert
operation. J Viral Hepat. 2010;17:1-15. http://dx.doi.org/10.1111/
j-1365-2893.2009.01245 x

without charge.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Hepatitis B Virus Infection in Chacma Baboons

Hannoun C, Soderstrom A, Norkrans G, Lindh M. Phylogeny of Af-
rican complete genomes reveals a West African genotype A subtype
of hepatitis B virus and relatedness between Somali and Asian Al
sequences. J Gen Virol. 2005;86:2163—7. http://dx.doi.org/10.1099/
vir.0.80972-0

Norder H, Hammas B, Lee SD, Bile K, Courouce AM, Mushahwar
IK, et al. Genetic relatedness of hepatitis B viral strains of diverse
geographical origin and natural variations in the primary structure
of the surface antigen. J Gen Virol. 1993;74:1341-8. http://dx.doi.
0rg/10.1099/0022-1317-74-7-1341

Andernach IE, Hubschen JM, Muller CP. Hepatitis B virus: the
genotype E puzzle. Rev Med Virol. 2009a;19:231-40. http://dx.doi.
org/10.1002/rmv.618

Bowyer SM, Sim JG. Relationships within and between genotypes
of hepatitis B virus at points across the genome: footprints of recom-
bination in certain isolates. J Gen Virol. 2000;81:379-92.

Meldal BH, Moula NM, Barnes IH, Boukef K, Allain J-P. A
novel hepatitis B virus subgenotype, D7, in Tunisian blood
donors. J Gen Virol. 2009;90:1622-8. http://dx.doi.org/10.1099/
vir.0.009738-0

Mwangi J, Nganga Z, Songok E, Kinyua J, Lagat N, Muriuki J, et al.
Molecular genetic diversity of hepatitis B virus in Kenya. Intervirol-
ogy. 2008;51:417-21. http://dx.doi.org/10.1159/000205526

Datta S, Panigrahi R, Biswas A, Chandra PK, Banerjee A, Ma-
hapatra PK, et al. Genetic characterization of hepatitis B virus in
peripheral blood leukocytes: evidence for selection and compart-
mentalization of viral variants with the immune escape G145R
mutation. J Virol. 2009;83:9983-92. http://dx.doi.org/10.1128/
JVI1.01905-08

Kramvis A, Kew MC. Epidemiology of hepatitis B virus in Af-
rica, its genotypes and clinical associations of genotypes. Hepa-
tol Res. 2007;37(s1):S9-19. http://dx.doi.org/10.1111/j.1872-
034X.2007.00098.x

Cheney DL, Seyfarth RM. Baboon metaphysics: the evolution of a
social mind. Chicago: The University of Chicago Press; 2007.
Robertson BH. Viral hepatitis and primates: historical and molecu-
lar analysis of human and nonhuman primate hepatitis A, B, and
the GB-related viruses. J Viral Hepat. 2001;8:233-42. http://dx.doi.
org/10.1046/j.1365-2893.2001.00295.x

Holmes EC. Evolutionary history and phylogeography of hu-
man viruses. Annu Rev Microbiol. 2008;62:307-28. http://dx.doi.
org/10.1146/annurev.micro.62.081307.162912

Lovgren S. HIV originated with monkeys, not chimps, study finds.
June 12, 2003 [cited 2010 Feb 19]. http://news.nationalgeographic.
com/news/pf/60650625.html

Address for correspondence: Anna Kramvis, Hepatitis Virus Diversity

Research Programme, Department of Internal Medicine, University
of the Witwatersrand Medical School, 7 York Rd, Parktown, 2193,
Johannesburg, South Africa; email: anna.kramvis@wits.ac.za

PHIL collections illustrate current events and articles, supply visual content for health
promotion brochures, document the effects of disease, and enhance instructional media.

PHIL Images, accessible fo PC and Macintosh users, are in the public domain and available

Visit PHIL at http://phil.cdc.gov/phil.

The Public Health Image Library (PHIL)

The Public Health Image Library (PHIL), Centers for Disease Control and Prevention,
contains thousands of public health-related images, including high-resolution (print quality)
photographs, illustrations, and videos.

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 19, No. 4, April 2013

605



