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Abstract
More than 40 species of primates and over 20 species of cats harbor antibodies that sero-react to
lentiviral antigens. In nearly all cases where viral genetic analysis has been conducted, each host
species is infected with a unique lentivirus. Though lentivirus clades within a species can be
substantially divergent, they are typically monophyletic within that species. A notable significant
departure from this observation is apparent cross-species transmission of FIV between bobcats (Lynx
rufus) and pumas (Puma concolor) in southern California that has occurred at least three times;
evidence from one bobcat sequence suggests this cross-over may have also occurred in Florida
between bobcats and the endangered Florida panther. Several other isolated reports demonstrate
cross-species transmission of FIV isolates among captive animals housed in close proximity, and it
is well established that HIV-1 and HIV-2 arose from human contact with SIV-infected nonhuman
primates. Using an experimental model, we have determined that domestic cats (Felis catus) are
susceptible to FIVs originating from pumas or lions. While infections are initially replicative, and
animals seroconvert, within a relatively short period of time circulating virus is reduced to nearly
undetectable levels in a majority of animals. This diminution of viral load is proportional to initial
viral peak. Although viral reservoirs can be identified in gastrointestinal tissues, most viral genomes
recovered peripherally are highly mutated, suggesting that the non-adapted host successfully inhibits
normal viral replication, leading to replication incompetent viral progeny. Mechanisms possible for
such restriction of cross-species infections in natural settings include: 1. Lack of contact conducive
to lentiviral transmission between infected and shedding animals of different species; 2. Lack of
suitable receptor repertoire to allow viral entry to susceptible cells of a new species; 3. Cellular
machinery in the new host sufficiently divergent from the primary host to support viral replication
(ie passive unfacilitated viral replication); 4. Intracellular restriction mechanisms present in the new
host that is able to limit viral replication (i.e. active interrupted viral replication. These include factors
that limit uncoating, replication, packaging, and virion release); 5. Unique ability of new host to raise
sterilizing adaptive immunity, resulting in aborted infection and inability to spread infections among
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con-specifics; or, 6. Production of defective or non-infectious viral progeny that lack cellular
cofactors to render them infectious to conspecifics (i.e. particles lacking appropriate cellular
components in viral Env to render them infectious to other animals of the same species). Data to
support or refute the relative importance of each of these possibilities is described in this review.
Insights based on our in vivo cross-species model suggest intracellular restriction mechanisms
effectively inhibit rapid inter-specific transmission of lentiviruses. Further, limited contact both
within and between species in natural populations is highly relevant to limiting the opportunity for
spread of FIV strains. Studies of naturally-occurring SIV and innate host restriction systems suggest
these same two mechanisms are significant factors inhibiting widespread cross-species transmission
of lentiviruses among primate species as well.
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Introduction
FIV infection has many analogies to HIV infection; the virus has emerged relatively recently,
targets similar cell types, and the disease state demonstrates a similar time course, clinical signs
and outcome (Bendinelli et al., 1995; Burkhard and Dean, 2003; Dias et al., 2006; Dunham,
2006; Kanzaki and Looney, 2004; Siebelink et al., 1990). Concurrently, FIVs which are
endemic to the non-domestic cat population parallel SIVagm and other naturally occurring
SIVs in that they are minimally pathogenic in their natural host (VandeWoude and Apetrei,
2006). Species-specificity of lentiviral infection, viral and host factors leading to establishment
of naturally-occurring virulent versus avirulent infections, and emergence of new strains are
areas with high relevance for understanding the current HIV epidemic. Studies of FIV have
contributed to elucidating possible mechanisms for restriction of cross-species infections in
natural settings as described below.

Lack of contact conducive to lentiviral transmission between infected and
shedding animals of different species

Lentiviruses that naturally occur in pumas (Puma concolor, also known as the cougar, mountain
lion, Florida panther) are among the most widely studied in nondomestic feline species. Several
large surveys of conserved regions of the puma lentivirus genome (FIVPco ) identify two unique
viral clades. The most common, FIVPco clade B, is detected in hundreds of isolates ranging
throughout North and South America and is highly diverse, whereas FIVPco clade A was
originally identified as a divergent strain found only in Florida panthers, who did not seem to
harbor clade B, and in one animal in California (Biek et al., 2003; Brown et al., 1994; Carpenter
et al., 1996; Troyer et al., 2005). Lentiviral proviral sequences isolated from blood cells of
bobcats from Southern California demonstrate strong phylogenic identity to FIVPco clade A
in a 500-bp region of pol. All bobcat FIV (FIVLru) sequences fell within this clade, along with
5 of 12 proviral sequences isolated from pumas in three geographically distinct populations
from Southern California (Fig. 1). An historical bobcat FIV sequence obtained from an animal
captured in Florida in 1984 also clustered with FIVPco clade A sequences. Interestingly,
FIVPco clade A of bobcats and pumas clustered most closely when geographic proximity of
the hosts were considered—in other words, FIVPco clade A sequences isolated from bobcats
and pumas north of Los Angeles (Ventura County) were more closely related than FIVPco
Clade A isolates from pumas and bobcats south of Los Angeles, and the bobcat isolate from
Florida was more closely related to Florida panther FIVPco clade A than to bobcat isolates from
California (Franklin et al., 2007). Seven of twelve pumas from California harbored FIVPco
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Clade B that also clustered based upon geographic proximity of hosts; to date no bobcat has
harbored an FIVPco Clade B isolate. These findings strongly suggest that FIV has been
transmitted between bobcats and pumas in Southern California and in Florida on at least three
occasions, likely in the direction of transmission from bobcats to pumas.

Why this phenomenon has been observed in isolated geographic regions when habitat overlap
between pumas and bobcats occurs across most of western North America and in Florida is
unknown. One possibility is that interactions between these species are heightened in Southern
California and Florida. This is plausible in that both of these regions have been under intense
development pressure over the last century, which has had substantial impact on habitat
connectivity for species with large home range requirements (Dobson et al., 1997; Harris and
Atkins, 1991; Hoctor et al., 2000; Myers, 1990). Competition between these two species for
remaining resources may result in increased inter-specific interactions leading to increased
opportunities for transmission. Another contributing factor is that, at least in Southern
California, bobcat FIVLru infection rates appear to be significantly higher than other cohorts
whereby nearly 60% of bobcats in Orange County and 30% of animals from Ventura County
are seropositive (Franklin et al., 2007). In contrast, seroprevalence reported in other bobcat
populations are less than 10% (Barr et al., 1989) (Olmsted et al., 1992), including a report of
0% in a population of 25 animals from Northern California (Riley et al., 2004). It is plausible
that habitat degradation has therefore also lead to increased intra-specific interactions among
bobcats in Southern California, resulting in higher local rates of FIVLru, which therefore may
be more likely to be transmitted to pumas in disrupted patches of habitat.

While the example presented above document cross-species transmission events between
bobcats and pumas, several other reports suggests that sustained contact between felid species,
typically in a zoo setting, may result in cross-species transmission of FIV (Table 1). This
includes domestic cat FIVFca infection of a captive puma in an Argentinian zoo (Carpenter et
al., 1996) and in a Tsushima Japan leopard cat (Nishimura et al., 1999), and African lion
(Panthera leo) FIV infection (FIVPle) in a captive tiger and snow leopard in Asian zoos (Troyer
et al., 2005).

Other instances of enhanced inter-specific contacts resulting in lentiviral cross species
transmission have been noted to occur in ruminants and primates. Sheep and goats are each
infected with lentiviruses, Maedi Visna Virus (MVV), and Caprine Arthritis Encephalitis Virus
(CAEV). Serologic and genetic evidence suggests that transmission of species-specific strains
has occurred on multiple occasions under natural conditions (Table 1). Dual infection of goats
from a large herd were naturally infected with both MVV and CAEV (Pisoni et al., 2007).
Control measures were not taken to prevent transmission of lentiviral infections in this herd,
and it is likely high population density and management practices contributed to cross-species
transmissions. Both of the contemporary human lentivirus infections, HIV-1 and HIV-2, arose
following cross-species infection events (Apetrei et al., 2004;Hahn et al., 2000;Korber et al.,
2000). Genetic diversity within circulating strains of HIV-1, and to a lesser extent HIV-2,
suggest several cross-species transmission events from the respective primate hosts, the
chimpanzee (Pan troglodytes), and sooty mangebey (Cercocebus atys) (Chen et al., 1997;Gao
et al., 1999;Hahn et al., 2000). It has been postulated that the emergence of HIV-1 occurred as
a result of convergence of anthropological factors including: 1. Increased human populations
in areas inhabited by infected chimpanzees in the Democratic Republic of Congo, associated
with development of commerce in rubber trade, and the general explosive population growth
in this region; 2. The prevalence of bushmeat as an alternative food source and the availability
of guns to facilitate ape capture; and, 3. Enhanced viral adaptation and accelerated spread
during vaccine campaigns that may have exposed otherwise low risk individuals via use of
practices such as re-used needles (Chitnis et al., 2000) (Drucker et al., 2001;Hahn et al.,
2000;Korber et al., 2000).

VandeWoude et al. Page 3

Vet Immunol Immunopathol. Author manuscript; available in PMC 2011 March 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



These observations suggest that opportunities for cross-species transmission of lentiviruses are
very likely enhanced by environmental and anthropogenic influences, and in instances when
such transmissions have occurred, it is useful to evaluate population structure and ecological
influences to determine underlying predisposing factors for development of new epidemics.

Lack of suitable receptor repertoire to allow viral entry into susceptible cells
of a new species

Though the previous section outlines instances where lentiviral cross-species transmissions
have occurred successfully, such observations are rare relative to the number of inter-species
exposures that are likely to occur. Epidemiologic surveys of 1800 persons from nine villages
in Cameroon suggested very high (>60%) exposure to primate blood and body fluids and
demonstrated that 1% of exposed individuals were seropositive for Simian Foamy Virus of
three different nonhuman primate origins (Wolfe et al., 2004). Despite the fact that these events
clearly demonstrate that human-primate contact occurs commonly, and can result in primate
to human retroviral transmissions, human exposure to SIVs resulting in patent infections has
been extremely rare. Therefore, exposure of humans to SIVs does not a priori result in
successful cross-species infection as would be the case for a classic zoonotic disease
transmission such as rabies (Apetrei and Marx, 2004). Mechanisms underlying the low cross-
species transmission rate are explored further below.

An initial barrier that must be overcome when an individual is exposed to a mature lentiviral
particle originating from a different host species is efficient Env binding to the cellular receptor
of a new host. While FIVs of lion and puma origin can productively infect domestic cats
(Terwee et al., 2008; Terwee et al., 2005; VandeWoude et al., 2003; VandeWoude et al.,
1997a), or domestic cat cells (Brown et al., 1994; VandeWoude et al., 1997b), receptor blocking
studies have indicated that different receptor repertoires are used by FIVPco clade B and
FIVPle Clade B viruses (Smirnova et al., 2005). Lion subtypes B and E are monophyletic across
all gene regions except env, where the SU and TM regions vary substantially (Pecon-Slattery
et al., 2008). Subtype E env is somewhat more related to domestic cat sequences than to lion
subtype B, likely reflecting a recombination event during superinfection with two FIV strains
of highly divergent origin resulting in a mosaic virus able to propagate successfully in lion
cells (Pecon-Slattery et al., 2008). The recombination event leading to subtype heterogeneity
has resulted in divergent receptor usage between clades; clade E subtype uses a CD134/CXCR4
receptor repertoire, similar to domestic cat FIV, whereas as noted above, subtype B uses an as
yet undefined cellular entry mechanism (McEwan et al., 2008).

Primate lentiviruses primarily bind CD4 via gp120, triggering conformational rearrangements
that allow binding to a co-receptor, typically one of the seven-transmembrane chemokine
receptors CCR5 or CXCR4. It is well-established that initial HIV infection occurs via CCR5
binding, but that end-stage isolates are more likely to use CXCR4 as a co-receptor. SIVs
typically utilize CCR5 binding, and correlates between CCR5 expression on CD4+T cells
suggest that expression patterns of CCR5 on these cells can influence the pathogenicity of SIV
for the host. Certain HIV and SIV isolates, particularly those isolated from non-lymphoid
tissues, or host-adapted strains, may lose the requirement for either primary or co-receptor
presence to infect tissues (Reeves et al., 1999; Willey et al., 2003). This is also true for FIV
(Elder et al., 2008; Willett and Hosie, 2008), though FIV strain pathogenicity is not clearly
related to receptor binding affinity (de Rozieres et al., 2008). The apparent high rate of
adaptation of lentiviruses to utilize alternative receptor repertoires depending upon host
presentation suggest that discordant virus-receptor interactions are relatively easily overcome,
and that this factor is likely not a primary determinant limiting cross-species transmission.
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Cellular machinery in the new host sufficiently divergent from the primary
host to support viral replication (ie passive unfacilitated viral replication)

While no published studies have reported that species-specificity of host cellular enzymes limit
lentiviral replication, it is possible that this factor may limit completion of the viral lifecycle
within a new host. This phenomenon has been most well studied in the family Polyomaviridae.
SV40 viral replication occurs efficiently in vitro in the presence of human, but not murine,
DNA polymerase α-primase, as the human enzyme is specifically required for initiation
complex formation (Schneider et al., 1994; Stadlbauer et al., 1996); (Fanning and Zhoa,
2009; Pipas, 2009; Smith and Nasheuer, 2003). The fact that lentiviral integration, LTR-
mediated gene transcription, viral transport and assembly are all influenced or mediated by
cellular factors suggests that host- and cell-specific expression patterns or functional
differences between these enzymes in different species could substantially impact the rate and
success of viral replication. However, differences in the structure and function of essential
cellular machinery between cat species are likely to be minimal, since the order Felidae
represents a recent and rapid evolutionary radiation (on the order of 10 MYA in contrast to the
80 million years that separate mice and men; Johnson et al., 2006). Highly conserved genes
involved in cell maintenance are unlikely candidates for species-specific evolution on such a
short timescale without extreme selective pressure. In contrast, cell factors involved in viral
restriction and innate and adaptive immunity may evolve much more rapidly resulting in
species-specific restriction.

Intracellular restriction mechanisms present in the new host that is able to
limit viral replication (ie active interrupted viral replication)

Apolipoprotein B mRNA-editing enzyme catalytic polypeptide (APOBEC) has been identified
as a restriction factor limiting lentiviral replication that can be overcome by lentiviral vif in a
species-specific manner (see review Munk et al this issue). The cytidine deamination activity
of some APOBEC subtypes (APOBEC-3G in primates) results in C to U editing during single
stranded DNA synthesis, resulting in G to A mutations in the positive sense DNA viral genome
(Huthoff and Towers, 2008). Feline analogues of the APOBEC family have been identified in
the cat (Lochelt et al., 2005; Munk et al., 2008).

Our previous work indicates that infection of domestic cats with a lentivirus native to the puma
(FIVPco Strain PLV-1695, subsequently referred to as PLV) results in mild lymphadenopathy
and only a slight, transient decrease in CD4+ T-cell count. PBMC viral burden gradually
decreases over the course of several months of infection and is ultimately virtually eliminated
by the host without evidence of adaptive immune activation that procedes viral diminution. In
late infection, proviral burden persisted in gastro-intestinal versus lymphoid compartments
(Terwee et al., 2005), and viral replication was not enhanced following immunosuppressive
doses of corticosteroids. Full length proviral genome sequences recovered from circulating
PBMC at various times post-infection revealed increased frequency of PLV G-to-A
substitutions and accumulation of defective genomes following replication in a domestic cat
host. Infection persisted despite the high frequency of errors in the viral genome. These findings
provided evidence for DNA editing by a host cytidine deaminase (Poss et al., 2006). However,
infection persisted despite the high frequency of errors in the viral genome. Five sites in PLV
RT-pol were shown to be under positive selection; also significantly, virus recovered from cats
that contained one of these selected sites in RT had measurable evolutionary rates and
phylogenetic evidence of recombination (Poss et al., 2007). Thus, virus persistence in this
cross-species infection correlates with selection on RT and enhanced viral recombination.
Studies in primates have demonstrated that cytidine deamination, possibly in conjunction with
cytokine activation, restricts nonadapted primate lentiviral replication in vitro, and one recent
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report documents construction of a ‘simian tropic’ HIV-1 by substitution of SIV vif on an HIV
backbone (Hatziioannou et al., 2009).

TRIM5α is an intracellular factor that interferes with viral uncoating following binding and
fusion events in the viral replication cycle in a species-dependent manner. The TRIM protein
family consists of members with a “TRIpartate Motif” that are involved in a diverse set of
cellar processes ranging from cell proliferation to apoptosis (Huthoff and Towers, 2008; Nisole
et al., 2005)(see also Munk et al. this issue). TRIM5α of rhesus was shown to inhibit HIV-1
replication, and subsequently was shown to be equivalent to previously described Fv1 of mice
and REF1 of humans—host genes that were associated with species-specific restriction of
retroviral replication. The last intron of TRIM5α has been substituted with cyclophilin A by
retrotransposition in several species, including owl monkeys and old world species. The
resulting gene, called TRIMCyp has been shown to inhibit HIV replication, and to restrict
viruses whose capsids bind CypA, including FIV (Huthoff and Towers, 2008). The FIV-Gag
motif in this binding region is highly conserved among feline lentiviruses, demonstrating that
it is a critical region for viral function, and potentially susceptible to TRIMCyp interference
(Burkala and Poss, 2007). The mechanism by which TRIM5α inhibits viral replication is not
completely understood, though capsid binding and interference with uncoating in the
proteosome have been associated with TRIM5α anti-HIV activity. Analysis of gene loci reveal
that TRIM5α is a pseudogene in the cat, and the SPRY domain associated with viral restriction
in primates is truncated (Troyer et al., 2008). However, it is possible that a different TRIM
family protein can restrict retroviral replication as has been determined in cattle. The role of
Tripartite Motif proteins in restriction of feline lentiviral replication is therefore currently under
investigation (Troyer et al., 2008).

Unique ability of new host to raise sterilizing adaptive immunity, resulting in
aborted infection and inability to spread infections among con-specifics

In studies mentioned above, inoculation of cats with a strain of FIV that originated in pumas
resulted in aborted infections. While evidence of cytidine deamination in proviral genomes
was documented, measures of adaptive immune response (ie development of neutralizing
antibodies or cytotoxic T cells) failed to detect protective responses (Terwee et al., 2005).

Co-infection with avirulent and virulent lentiviral strains further illucidates protective
immunity developed during avirulent infection. When cats infected with PLV-1695 were
challenged with a virulent strain of FIV, co-infection resulted; however, CD4+ T-cell depletion
was prevented, and significant differences in cytokine profiles and immunocytes were noted
over time (Terwee et al., 2008). By 24 days after FIVFca subtype C infection, the dual infected
cats had a unique immunological profile compared to that of the other three groups; this profile
was characterized by elevated levels of CD8, CD25, and FAS expressing cells, increased
numbers of lymphocytes and neutrophils, and elevated IL4 and IFNγ (Poss, M. L.,
unpublished). However, evidence of adaptive immune responses (ie neutralizing antibody,
cytotoxic T cell responses) against the virulent FIV strain were again lacking. This study
demonstrates that co-infection with distinct strains of lentivirus results in dynamic differences
in innate immune responses, resulting in distinct disease phenotypes and immunological
profiles during dual vs. single infection, but sterilizing adaptive immunity to either strain is
lacking.

While many studies have been conducted using an attenuated strain of HIV or SIV to afford
protection against virulent SIV in nonhuman primates, the consequences of co-infection are
not consistent. Typically, apathogenic infections with SHIV or SIV result in complete to partial
protection against virulent strains, but it has been difficult to determine the mechanisms
underlying these observations (Dunn et al., 1997; Petry et al., 1995; Putkonen et al., 1995;
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Stephens et al., 1997). A recent set of experiments have demonstrated that SIV isolated from
the red-capped mangabey (SIVRcm), which has limited pathogenicity in rhesus macaques,
affords partial protection against superinfection with pathogenic SIVmac251 by undefined
mechanisms (Ling et al., 2008). These studies support observations made in feline infections
described above, and further dissection of the mechanisms underlying partial protection is
warranted.

Production of defective or non-infectious viral progeny that lack cellular
cofactors to render them infectious to conspecifics

Retroviral budding from the cell membrane to form intact virions results in the incorporation
of host cell membranes into the viral envelope. MHC II may be ‘preferentially’ incorporated
into HIV Env during budding as HIV interacts specifically at several points of viral replication
with MHC II expression on the cell surface (Saifuddin et al., 2000a; Saifuddin et al., 2000b).
Vaccination-induced sterilizing immunity has been achieved in rhesus macaques immunized
with whole inactivated SIV (WIV) preparations (Warren and Dolatshahi, 1993); however, the
mechanism of neutralization appeared to be antibodies raised against xenogeneic cell
membrane proteins incorporated by the challenge SIV stocks grown in human cell culture
systems, in particular MHC II antigens (Cranage et al., 1993; Goldstein et al., 1994; Mills et
al., 1992; Stott, 1991). Recent reports suggest that the glycosphigolipid composition of HIV-
Env can mediate interactions with immature and mature dendritic cell binding (Hatch et al.,
2009), also demonstrating that the cell surface phenotype of a virus-producing host cell can
influence the subsequent host range of progeny virions.

Other contributions of host cell constituents to lentiviral pathogenicity and/or species-
specificity have not been examined, and may play an as yet unrecognized role in lentiviral
pathogenicity. These components may be yet another mechanism that limits cross-species
transmission of lentiviruses, particularly if highly immunogenic molecules such as MHC II
affect the capacity for mature virions to infect susceptible cells.

Conclusions
This review of current literature suggests that the two most important factors resulting in
opportunities for lentiviral cross-species transmission are enhanced contact rates between
different species, and the ability to overcome intracellular restriction factors limiting viral
replication. Viral Env-receptor specificity and the capacity of the new host species to develop
a neutralizing adaptive immune response would appear to be less relevant to prevention of
successful cross-species transmission events. Viral replication dependent upon host cellular
machinery and incorporation of host components into mature virions are potential steps in the
lentiviral life cycle that may be limited during cross-species transmission due to functional or
structural incompatibilities, but these features have yet to be studied in feline or other lentivirus
systems. Progress in understanding features of host-lentiviral adaptation and cross-species
restriction has been greatly facilitated by studies of FIV.
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Figure 1.
Unrooted maximum likelihood (ML) tree of a 500bp region in polRT demonstrating the
relationship between FIV sequences from pumas and bobcats. Minimum evolution (ME),
maximum parsimony (MP), and Bayesian analyses (random starting trees; burn-in values set
at 45,000 generations; two simultaneous runs with four Markov chains each were run for one
million generations and sampled every 20 generations) produced trees with similar topologies.
Bootstrap values and posterior probabilities are included for nodes discussed in the text (ML/
MP/ME/Bayesian). Colors represent the species of origin (blue=bobcat, red=puma). Viral
sequences isolated from animals in California (CA) are highlighted and each sequence is
identified by a location consisting of a country name or a state abbreviation followed by a
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specific site in parentheses for the CA samples (OC=Orange County, VC=Ventura County,
SDRC=San Diego and Riverside Counties). Analyses used empirical base frequencies, an
estimated shape parameter of 0.7495, and an estimated substitution matrix as follows: A/C =
2.8733, A/G = 12.0716, A/T = 0.8769, C/G = 4.8937, C/T = 16.8913, and an estimated
proportion of invariant sites of 0.3419.
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Table 1

Naturally occurring lentiviral transmissions between adapted and nonadapted/new species reported in the
literature.

“Adapted” Host Nonadapted/New Host Lentivirus Transmitted Comment and Citation

Bobcat, Lynx rufus Puma, Puma concolor FIVPco Clade A, (FIVLru) It is hypothesized that the
route of transmission is
from bobcat to puma,
though this has not been
definitively proven.
(Franklin et al., 2007)

Domestic cat, Felis catus Puma, Puma concolor FIVFca (domestic cat
FIV)

Recorded in one captive
puma housed in a zoo in
Argentina. (Carpenter et
al., 1996)

Domestic cat, Felis catus Tsushima leopard cat,
Felis bengalensis
euptilura

FIVFca (domestic cat
FIV)

(Nishimura et al., 1999)

African lion, Panthera leo Tiger, (Panthera tigris)
Snow Leopard, (Uncia
uncia)

FIVPle (African lion FIV) All three animals (lion,
tiger and snow leopard)
were in the same zoo in
Asia. (Troyer et al.,
2005)

Sheep, Ovis aries Goat, Capra hirus Maedi-Visna Virus;
Caprine Arthritis
Encephalitis

(Pisoni et al., 2007;
Ravazzolo et al., 2001;
Rolland et al., 2002;
Zanoni, 1998)

Chimpanzee, Pan troglodytes Human, Homo sapiens SIVCpz; HIV-1 (Gao et al., 1999; Hahn et
al., 2000); for review see
(VandeWoude and
Apetrei, 2006)

Sooty mangabey, Cercocebus
atys

Human, Homo sapiens SIVSmm; HIV-2 (Chen et al., 1997); for
review see
(VandeWoude and
Apetrei, 2006)
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