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Animal models for HIV infection and AIDS:
Memorandum from a WHO Meeting*

Animal models may be used for the study of HIV (human immunodeficiency virus)
infection and AIDS (acquired immunodeficiency syndrome). Three major animal models
that reproduce many aspects of HIV infection in man are available: infection by simian
immunodeficiency viruses (SIV) and by non-primate lentiviruses, and HIV infection ofnon-
human primates. The use ofprimate and non-primate lentivirus models is critical for the
continued development of vaccines and therapeutics for AIDS.

This Memorandum describes the present situation in this area ofresearch, as reported
by the participants at a WHO Consultation in Geneva, Switzerland, in March 1988, and
includes their recommendations.

INTRODUCTION

General description of the retrovirus family (I)
HIV (human immunodeficiency virus) is a member

of the lentivirus subfamily of the retroviruses. Mem-
bers of the Retroviridae family, or retroviruses, pos-
sess enveloped virions containing an RNA genome.
The distinctive feature of these viruses, which gave
the name to the family, is the presence in the virus
particle of a virus-coded RNA-dependent DNA poly-
merase, or reverse transcriptase; upon infection, this
enzyme transcribes the RNA genome into a DNA
provirus, which then becomes integrated into the
host chromosomal DNA where it may complete the
replication cycle by directing the synthesis of
infectious virions, or it may express none or only
part of its genetic information in a covert infection.
Retroviruses are widely distributed in nature and for
many years have been known to exist and to infect
numerous vertebrate species. Human retroviruses
have only been recognized since the late 1970s, and
now include the human T-lymphotropic virus types I

* This Memorandum is based on the report of an informal WHO
Consultation held in Geneva, Switzerland, on 28-30 March 1988.
The names of the participants are given on page 573. A summary in
French appears on pages 573-574. Requests for reprints should be
sent to Global Programme on AIDS, World Health Organization,
1211 Geneva 27, Switzerland.

and II (HTLV-I, HTLV-ll) and the human immuno-
deficiency virus.
The Retroviridae family is divided into three

subfamilies (Oncovirinae, Spumavirinae, and Lenti-
virinae), according to their different biological
characteristics, which also coincide with different
genomic organization. The Oncovirinae subfamily
(onco= "tumour" in Greek), the largest one, includes
viruses most commonly associated with lympho-
proliferative disorders in many animal species. The
Oncovirinae genome consists of the structural genes,
gag, pol, and env. The gag gene (for group-specific
antigen) codes for the internal proteins that constitute
the "core" ofthe virion; thepol gene (for polymerase)
codes for the reverse transcriptase; and the env gene
codes for the glycoproteins found in the virus
envelope. These three genes are flanked by sequences
repeated on both ends of the genome, known as long
terminal repeats (LTR), which contain regulatory
elements for transcription. Morphologically, onco-
viruses have been subdivided into three groups,
referred to as type B, C and D particles. Type C
oncoviruses include among others, the murine, avian
and feline leukaemia/sarcoma viruses. Type B onco-
viruses are represented by the mouse mammary
tumour virus. The Mason-Pfizer monkey virus is the
prototype of type D retroviruses, and more recently
other type D viruses (simian retroviruses, SRV) have
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been identified as the etiological agents of a fatal
AIDS (acquired immunodeficiency syndrome)-like
disease in rhesus macaques, known as simian AIDS
or SAIDS. The two other known human retroviruses
(HTLV-I and HTLV-ll), as well as bovine leukaemia
virus (BLV) and the simian T-lymphotropic virus
type I (STLV-I) are generally considered as members
of the oncovirus subfamily, but perhaps they should
be placed into a new subfamily, based on their unique
genomic organization that includes the presence of at
least two regulatory genes.
The spumaviruses (spuma = "foam" in Latin) com-

prise a number of viruses from many animal species,
including man, which are not associated with any
pathological entity and are frequently recognized by
their ability to induce the formation of foamy vacuo-
lated syncytia in tissue culture.

Lentiviruses (lenti="slow" in Latin) are non-
oncogenic retroviruses that induce chronic debili-
tating diseases following long-term persistent infec-
tions. The lentivirinae subfamily at present includes
viruses from ungulates (maedi-visna virus of sheep,
caprine arthritis-encephalitis virus (CAEV) from
goats, equine infectious anaemia virus (EIAV) from
horses, and bovine immunodeficiency virus (BIV)
from cattle), felines (feline immunodeficiency virus
(FIV)), and human and non-human primates (HIV
and simian immunodeficiency viruses (SIV)). The
most outstanding characteristic of the genome of the
lentivirus subfamily is the presence of a number of
accessory genes with regulatory functions. In addition
to gag, pol, and env, at least five other genes (tat, rev,
vif, vpr and nef) have been identified. Some of these
accessory genes are required for virus infectivity and
they regulate the expression of the viral structural
proteins.

Animal models (2, 3)
Several animal model systems for HIV infection and

AIDS are now available and they can be grouped as
follows:

(a) infection of non-human primates with lenti-
viruses (simian immunodeficiency viruses);

(b) HIV infection of non-human primates;
(c) infection of nonprimate mammalian hosts with

species-specific lentiviruses;
(d) infection with non-lentiretroviruses that induce

immunodeficiency; and
(e) new potential models.

SIMIAN IMMUNODEFICIENCY VIRUSES (SIV) (2, 4)

The simian immunodeficiency viruses are a diverse

group of non-human primate lentiviruses. Based on

their antigenic, genetic and biological characteristics,
they represent the closest known relatives to HIV.
SIV was first isolated in 1985 from diseased captive

rhesus macaques in a primate centre in the USA. The
original isolate was called simian T-lymphotropic
virus type IH (STLV-Ill), but it is now designated
SIVmac. A serological survey conducted in 1986-87
in this primate centre showed that only three animals
(two rhesus and one cynomolgus macaque) were in-
fected among the 848 monkeys investigated. This low
prevalence of SIV infection raises questions as to
whether the isolated viruses actually originated from
macaques in the wild or whether, perhaps, captive
macaques may have acquired their SIV from some
other species in the process of importation or while in
captivity.

Known SIV isolates (4-7)
Following the discovery of SIVmac, a number of

other non-human primate lentiviruses were isolated
from:
- multiple species of macaques (Macaca) = SIVmac;
-sooty mangabey (Cercocebus atys) = SIVsm;
-African green monkey (Cercopithecus aethiops) -
SIVagm; and
-mandrills (Papio sphinx) =SIVmnd.

Natural infection of macaques is rare in captivity
and has not been documented in nature, although
more extensive serological surveys need to be con-
ducted to clarify this point. Several isolates of
SIVmac have now been obtained in different primate
centres, from cynomolgus (M. fascicularis) and pig-
tailed (M. nemestrina) and stump-tailed (M. arcto-
ides) macaques. Some of these isolations were made
from animals experimentally inoculated with tissue
samples from a different species of macaque and their
precise origin remains to be elucidated. Macaques
from which SIV was isolated very often died with
clinical signs and necropsy findings reminiscent of
AIDS, including lymphomas and lymphoproliferative
diseases.
SIV from sooty mangabeys (SIVsm) was originally

identified when rhesus macaques developed im-
munodeficiency after experimental inoculation with
materials obtained from sooty mangabeys. Approxi-
mately 75% of sooty mangabeys in a colony were
found to be persistently infected with SIVsm, with
few manifestations of disease that might be attributed
to a lentivirus. On the other hand, infection of man-
gabeys in their natural habitat in Africa has not been
documented, again raising the question as to the
origin of this virus.

Early serological surveys for SIV-reactive anti-
bodies demonstrated that 30% to 50% of green mon-
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keys from Africa harbour a related virus, although
a systematic evaluation of the geographical distri-
bution of these antibodies has not been conducted.
Curiously, green monkeys present in some islands in
the Caribbean, descendants of animals brought to
America during the 17th and 18th century, have been
found to be seronegative. An early putative isolate for
African green monkey (STLV-IIIagm) now appears
to be a contaminant of SIVmac, but a number of
authentic isolates of SIVagm have now been obtained
from animals from Kenya and Ethiopia.

Mandrills also appear to be infected in nature, and
SIVmnd have been recently isolated from mandrills
in Gabon. Natural or experimental infection with
SIVagm or SIVmnd does not seem to result in dis-
ease, suggesting a lack of pathogenicity in these
viruses.

Antibodies that cross-react with HIV or SIV have
been found in several other Old World monkey
species, suggesting the existence of other primate
lentiviruses that remain to be isolated.

Genetic relatedness ofSIV isolates (7, 8)
SIVmac is more closely related to HIV-2 than to

HIV-1. It shares 75% overall nucleotide identity with
HIV-2, and only 40% with HIV-1. Nucleotide con-
servation between HIV-1 and HIV-2 is approximately
40%, mostly within the gag and pol genes.
SIVmac derived from a single primate colony dis-

play some degree of variation on their nucleotide
sequence. Restriction endonuclease mapping of
SIVmac derived from five rhesus and one cyno-
molgus macaques showed that all isolates were
closely related, but nevertheless distinguishable from
each other, with the isolate from the cynomolgus
macaque being the most different.

Antigenic and genetic analysis of SIVagm and
SIVmnd have indicated that they are newly identified
members of the HIV/SIV group of primate
lentiviruses. SIVagm gag products are antigenically
related to those of HIV-1, HIV-2 and SIVmac. On the
other hand, their env products are related to those of
HIV-2 and SIVmac, but not (or scarcely) with those
of HIV-1. Nucleotide sequence analyses have indi-
cated that SIVmac and SIVagm are related, but quite
distinct from each other and distinct from HIV-1 and
HIV-2.
SIV from mandrills appears to be approximately

equidistant from HIV-1, HIV-2, SIVagm and SIV-
mac. SIV from mangabeys appear distinct from
SIVmac and SIVagm, but precise information is
lacking. Likewise, little information is available on
the heterogeneity of isolates from a given species or
genus made at different locations.

Experimental inoculations (2, 5, 6, 9)
SIV infection in macaques induces an immunodefi-

ciency syndrome similar to that of human AIDS and
is becoming increasingly important as a model not
only of infection but also of disease. The two systems
that have been most explored are infection of rhesus
macaques with SIVmac or with SIVsm.

Infection of rhesus macaques with SIVmac results
in persistent infection leading to death in the majority
of inoculated animals. The median time of death was
266 days, with a range of 62 to 1061 days. No cor-
relation has been observed between the dose of virus
and clinical outcome, but the ability of macaques to
survive correlated directly with the strength of the
antibody response. Macaques that died displayed
clinical symptoms and necropsy findings similar to
AIDS in humans. They exhibited diarrhoea, wasting,
and decreases in the number ofperipheral T4 lympho-
cytes and mitogen proliferative responses. Oppor-
tunistic infections (Pneumocystis carinii, cytomega-
lovirus, Cryptosporidium, Candida, adenovirus and
Mycobacterium avium intracellulare) have been a
common feature. Fifty percent ofmacaques have died
with a characteristic granulomatous encephalitis,
similar to those seen in humans.
A new approach to studying the biological proper-

ties of SIVmac isolates is the use of infectious mol-
ecular clones. At least three such infectious clones
have been obtained from SIVmac (SIVmac 251,
SIVmac 239 and SIVmac 142) and they may prove to
be particularly useful in defining the determinants
of pathogenicity through in vitro experiments with
molecular clones and mutants derived from them.
Experimental infection of the rhesus macaque (an

Asian monkey) with SIV from the sooty mangabey
(an African primate) demonstrated that this virus,
although associated with no apparent disease in its
species of origin, can induce an immunodeficiency
disease in an alternate host which, in many respects,
parallels that of acquired immunodeficiency disease
in man. More than 70% of juvenile rhesus monkeys
inoculated with a pathogenic strain of SIVsm (delta
strain) died within six months of infection. In general,
the simian disease parallels AIDS, but with some
notable differences. Generalized lymphadenopathy
was usually apparent within one month after the
inoculation. This condition may persist for months,
but usually regresses before the animal's death. The
immediate cause of death in the majority of infected
monkeys was apparently diarrhoea which did not
respond to appropriate antibiotic and supportive
therapy. Much of the diarrhoea associated with
SIVsm infection was due to Shigella or Campylo-
bacter, common pathogens in rhesus monkeys. A
retroviral encephalitis morphologically very similar
to that observed in AIDS was a frequent finding.
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B-cell lymphomas associated with an Epstein-Barr-
like herpesvirus also occurred in immunosuppressed
monkeys. Infection with multiple opportunistic
agents was a common finding, with cytomegalovirus
being the most frequent viral opportunistic agent
observed, often contributing to or being the im-
mediate cause of death. Several protozoan oppor-
tunists have also been identified, including Crypto-
sporidium and Pneumocystis carinii. Syncytial cells
were most commonly found in the lymph nodes and
central nevous system of infected monkeys, but have
also been seen in other tissues. The presence of giant
cells in the tissues of infected individuals appears to
be a marker for both SIV and HIV infection since in
monkeys and humans these cells express viral pro-
teins and certain virus particles. Other lesions
observed were peribronchiolar lymphoid infiltrates,
hepatic lesions, and a prominent erythematous rash.
An interesting observation is that different virus

isolates, although related, may vary in both patho-
genic potential and the spectrum of disease they
induce. Some correlations have been found between
the pathogenic potential of these isolates and their
ability to productively infect primary monocytes, and
one strain was associated with a high incidence
of central nervous system infection. As with the
SIVmac-rhesus model, pathogenicity is relatively
independent of dose. On the other hand, changes
in lymphocyte subsets (particularly in the helper-
inducer subset of T-lymphocytes), a decline in SIV-
specific antibody, and virus-specific antigenaemia
are prognostic for disease progression. Inoculated
animals that remained clinically healthy respond to
SIV infection with antibodies to both gag and env-
related SIV proteins which persist throughout the
course of infection. In infected animals displaying
immunological alterations, a disproportionate loss of
gag-specific, relative to env-specific, antibodies was
observed in the terminal stages of the disease. This
decline uniformly coincided with the emergence of
viral antigen in serum. These changes are apparent
months before any change in the clinical picture can
be noted and thus are useful prognostic indicators for
disease progression. This observation is consistent
with that reported in HIV-infected humans wherein
a loss of detectable HIV gag-specific antibody
coincident with antigenaemia was noted in patients
progressing from ARC (AIDS-related complex) to
AIDS. The striking exception to the SIV antibody
response previously described involves animals that
develop retroviral-associated encephalopathy. The
clinical course of the disease in monkeys with en-
cephalopathy varies from acute (death within 8-9
weeks after inoculation) to chronic (survival for 5 to
7 months). SIV-specific antibodies in all of these
animals were either markedly reduced, when com-
pared to other SIV-infected animals, or notably

absent, regardless of the time course of the disease.
Moreover, lack of detectable SIV antibody corre-
sponds to persistent, recurrent or progressively in-
creasing levels of SIV antigen in the serum.

Studies similar to those described above have been
conducted at another primate centre, using a different
isolate of SIVsm (strain SMM Yerkes). Twelve
rhesus macaques have now been infected for 20 to 33
months, and five of the animals died of an AIDS-like
disease between 14 and 28 months after inoculation.
Characteristics of the disease in macaques that died
following infection include weight loss, diarrhoea,
lymphadenopathy, pneumonia, hepatosplenomegaly,
ataxia, anaemia, neutropenia, lymphopenia with
preferential loss of CD4+ cells, thrombocytopenia,
and hyper- and hypogammaglobulinaemia. On histo-
pathologic analysis it was found that most of the
tissues from some animals, including lymph node,
spleen, lung, and brain, contained multinucleated
giant cells. Following inoculation, the majority of the
animals developed antibodies to env- and gag-
encoded proteins between 3 and 6 weeks after virus
inoculation and, in agreement with what has been
found with SIV-infected mangabeys, little or no
neutralizing antibodies were detected in serum from
the rhesus macaques up to 18 months after infection.
Loss of antibodies to specific proteins, primarily gag-
encoded, was detected, but owing to the limited num-
ber of animals that have died to date, it was not
possible to determine whether a specific antibody
profile will be predictive of more severe disease and
death. It was found, however, that cell-free virus can
be recovered from the serum of animals that have
more frequent and persistent symptoms of disease,
but not from those animals that remain well or show
only intermittent signs of disease.
SIVsm was also used to inoculate a pig-tailed ma-

caque which, unlike the inoculated rhesus macaques,
was found to develop neutralizing antibodies at six
months after infection. The pig-tailed macaque had
essentially no antibodies to gag gene products at any
time after infection and was sacrificed 14 months
after inoculation because of a deteriorating clinical
condition and signs of neurological disease. At the
time of death, virus was recovered from peripheral
blood mononuclear cells (PBMCs) and from multiple
tissues, including the brain. The concentration of
cell-free virus increased from 10 50%-tissue-culture-
infectious doses per millilitre (TCID50/ml) at 6
months after infection to 102 TCID50/ml at 10 months
and to 104 at the time of sacrifice. Virus isolated at the
time of death was used to inoculate additional
macaques and SIV-seronegative mangabeys, and
resulted in death within 13 days of inoculation in eight
out of nine macaques and three out of four rhesus
monkeys. The acute deaths were due to severe
mucoid diarrhoea that led to dehydration and electro-
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lyte imbalance. An interesting observation was that
both oftwo SIV-SMM virus-positive and seropositive
mangabey monkeys were protected from the lethal
effect of the SIVsm variant (designated SMM-
PBj 14). Investigations are now being conducted to
demonstrate definitively that it is in fact SIVsm that is
killing the animals with this rapidity. If validated, the
use of a highly virulent strain of SIV may provide a
rapid assay system for screening drugs or vaccines for
efficacy in the prevention not only of infection but
also of disease.

Potential uses of the SIV model
The potential use of the SIV model for the study of

human AIDS derives from the many similarities of
these viruses with HIV. Both viruses have the same
morphology amd morphogenesis typical of lenti-
viruses and are tropic from cells bearing the CD4
antigen. Conservation of some critical epitopes of
CD4 in a variety of primate species allows the in
vitro infection of their lymphocytes with HIV. Infec-
tion of CD4+ cells with HIV or SIV can be cyto-
pathic for these cells. As described before, SIV can
cause an AIDS-like disease in selected species of non-
human primates, and the induced disease is remark-
ably similar to AIDS in humans. However, Kaposi's
sarcoma has not been described in SIV-infected
primates, and the spectrum of opportunistic agents
observed following SIV-induced immunosuppression
is slightly different from that in HIV-infected
humans. There are many conserved epitopes in the
major viral antigens of SIV and HIV, and the exist-
ence of these epitopes permitted early serological
identification of the existence of HIV-related viruses
in non-human primates.
The nucleotide sequence and genomic organization

of SIV is closely related to those of HIV-2. However,
SIVmac and SIVagm, as well as HIV-2, have an ad-
ditional gene, vpx, which is not present in HIV-1.
This gene vpx appears to be expressed in the SIV
virus, is immunogenic and apparently is dispensable
for the replication of the virus in vitro. The vpr gene,
which is present in HIV-1, HIV-2 and SIVmac, does
not appear to be present in at least one isolate of
SIVagm. Comparisons of the genomic structure of
pathogenic and non-pathogenic SIV isolates may be
important to understand the molecular basis of the
pathogenicity of HIV. Another major molecular dif-
ference between HIV-1 and SIV is that SIV (SIVmac
and SIVagm) often has a premature stop codon in env,
resulting in a truncated form of transmembrane
glycoprotein. This premature translation termination
signal has also been observed in HIV-2.
Continued use of the SIV model will be important

in three areas of AIDS research:

(a) To better understand the natural history and
evolution of primate lentiviruses. Information is
needed regarding species in the wild that harbour
SIV as well as the precise genetic make-up of these
viruses.

(b) To define the pathogenesis of AIDS, such as
mechanisms of persistence, host tropisms and viral
determinants of neuropathogenicity.

(c) To develop AIDS vaccines and treatment stra-
tegies. Comparison of vaccine approaches can be
more easily achieved using SIV in readily available
macaques than by using HIV in chimpanzees.

Studies in all these areas are dependent on more
fundamental research, including investigations on
virus-host interactions and characterization of the
immune system of the non-human primate host.

HIV INFECTION OF NON-HUMAN PRIMATES (10, 11)

The ideal model for AIDS would be one in which
HIV infects and induces an AIDS-like disease in a
common experimental animal. Thus far, in addition
to humans, only chimpanzees and gibbon apes have
been found to be susceptible to HIV infection. Only
very limited numbers of these animals are available
to researchers.
The ability of HIV to infect in vitro the lympho-

cytes of a number of primate species indicates that
further investigation, particularly with common New
World primates, may be warranted.

Experimental infection of chimpanzees (10, 11)
Several groups have demonstrated that chimpan-

zees can be readily infected with some strains of
HIV-1. Infections are easily established by intra-
venous inoculation of human tissue homogenates,
HIV-1-infected PBMC, or cell-free HIV-1, or by
application of cell-free virus to vaginal mucosa. It
appears that only small numbers of virus particles are
needed to establish infection in chimpanzees, but
strain differences may exist. It has been documented
that 40 TCID50 of HIV-1 (strain HTLV-MB) estab-
lished infection in both of two chimpanzees, but only
one of two animals became infected with 4 TCID50
of the same pool of viruses.
Within two weeks of inoculation of the LAV-1

strain of HIV- 1, virus can be recovered from PBMCs
of chimpanzees, irrespective of the inoculum or route
of inoculation, and once an animal is infected, virus
can be recovered on a routine basis from PBMCs. In
contrast, cell-free virus has only been obtained from
animals during the first six weeks after infection.
Virus has also been obtained from one of two bone
marrow samples, but not from a limited number of
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saliva or spinal fluid samples that were tested.
Early after infection (the first 2 to 3 months), i03 to

104 infectious PBMCs per 107 PBMCs can be detec-
ted. Over the ensuing months, this number drops to a
baseline level of 1 to 10 infectious PBMCs per 107
PBMCs, which persists for extended periods. Thus,
there appears to be an early phase of viraemia, cor-
responding to high numbers of infectious cells, which
gradually disappears as HIV-1-specific antibody
titres increase; however, the decrease in numbers of
infectious PBMC or cell-free virus has not yet been
shown to result from immune clearance. HIV-1-
specific antibodies are detectable in serum of chim-
panzees by enzyme immunoassay (EIA), immuno-
blot, and radioimmuno-precipitation (RIP) assay
within approximately 4 weeks of virus inoculation.
Short-lived low-titred (less than 100) IgM responses
to HIV-1 have been detected in about one-half of
infected chimpanzees, but IgG titres, as determined
by EIA, developed rapidly and stabilized about 6
months after infection at titres ranging from 25 000 to
500 000. Antibodies to env and gag gene products are
detectable at approximately the same time (3 to 5
weeks after infection) while antibodies to pol gene
products are delayed by weeks to a few months. More
recently, antibodies to the putative regulatory protein
encoded by the nef gene have been detected either
coincident with antibodies to env and gag proteins, or
even earlier. It is interesting to mention that experi-
mental inoculation of a chimpanzee with the ARV-2/
SF2 isolate of HIV resulted in a less efficient
infection, with virus being recovered by PBMCs only
5 months after the inoculation. In this animal, anti-
bodies to the nef gene product were detected within
2 weeks after inoculation whereas antibodies to other
proteins were not detected until 3 months later.

Antibodies that mediate complement-dependent
lysis of HIV-infected cells have been demonstrated in
infected chimpanzees; these antibodies are generated
relatively early after infection and are capable of
lysing cells infected with diverse strains of HIV,
analogous to the cross-reactivity that has been ob-
served for neutralizing antibodies.
All persistently infected animals possess PBMCs

that proliferate and incorporate thymidine when incu-
bated with purified HIV antigen; this reactivity
occurs as a dose-dependent response. In contrast, not
all animals have cells capable of lysing HIV-infected
cells. Using autologous or heterologous EBV-trans-
formed B cells infected with recombinant vaccinia
viruses expressing various HIV genes as target cells,
PBMCs from chimpanzees infected with HIV-1 for
various periods of time were used as effectors. While
PBMCs from most infected animals exhibited HIV-
specific cytotoxic activity, they killed not only auto-
logous but also heterologous cells to the same extent.
These data indicate that the killing may be effected by

antigen-specific, non-MHC restricted natural killer
(NK) or lymphokine-activated killer (LAK) cells.
Thus far, no AIDS-like disease has been shown

to occur in HIV-1 infected chimpanzees. However,
evidence of minimal disease has been documented.
During the first 6 months after inoculation ofjuvenile
chimpanzees, the rate of weight gain in the animals
showed a significant decrease. In addition to transient
mild thrombocytopenia in one animal, substantial
lymphadenopathy was observed in two animals that
received large doses of HIV-1. Histopathological
analysis of biopsy material from inguinal lymph
nodes of these animals with lymphadenopathy
showed marked follicular hyperplasia and irregularly
shaped germinal centres, similar to what is seen in
human tissue sections from HIV-infected persons.
Interestingly, one chimpanzee that had no cellular
cytotoxic activity (but whose PBMCs did proliferate
in response to antigen) has been infected with HIV-1
for 4 years and has lost antibodies to p24 overthe last
2 years. This animal has exhibited no signs of disease
or haematological abnormalities. A second animal,
infected for more than 3 /2 years also has lost anti-
bodies to p24, as determined by radioimmuno-
precipitation assay. Therefore, they are being closely
monitored to see whether loss of antibodies to p24 in
chimpanzees will parallel the human situation where
this phenomenon correlates with onset of antigen-
aemia and progression to disease. In addition, a third
chimpanzee infected for more than 3 years has de-
veloped persistent lymphopenia with loss of CD4+
cells. Perhaps, as apparently is the case with humans
infected with HIV, the major cofactor for the de-
velopment of AIDS in chimpanzees is time.
Attempts to infect non-human primate species with

HIV-2 isolates have been partially successful, and
some animals have been chronically infected for more
than one year. Seroconversion and virus recovery
have been documented, but no evidence of haemato-
logical abnormality or disease has been observed.
Efforts are continuing, by serial passage, to obtain an
HIV-2 strain adapted for growth in macaques.

Immunization ofchimpanzees with prototype vaccines
(12)
Immunization of chimpanzees has been attempted

with a variety of antigens: recombinant vaccinia
viruses expressing HIV-1 antigens, HIV-1 glycopro-
tein subunit preparations, purified HIV-1 antigens
expressed in different eukaryotic or prokaryotic
systems, inactivated HIV-1 virions, and synthetic
peptides. Immunization has resulted in the priming of
HIV-specific T-cells, and in the development of anti-
bodies detectable by ELISA, immunoblot and radio-
immuno-precipitation. However, sera from the im-
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munized chimpanzees had weak, if any, neutralizing
activity against HIV-1. Chimpanzees that were sub-
sequently challenged with HIV-1 were not protected
against the development of viral infection.
The following are a few examples ofthe approaches

being used to develop prototype vaccines which are
being evaluated in chimpanzees:

(a) Because the external glycoprotein gpl20 speci-
fically binds to the CD4 molecule on the surface of
T4-positive cells, the initial event in the infectious
process, it is generally assumed that an immune
response against this protein may serve to inhibit
virus replication. Also, since gpl2O is expressed on
the surface of virus-infected cells, an effective T-cell-
directed immune response to gpl2O may be effective
in eliminating cells infected with HIV.

Native gpl20, purified by immunoaffinity from
membranes of cells infected with HIV-1 (strain
HTLV-IIIB), has been used to immunize chimpan-
zees. Precipitating antibodies were maximum at two
weeks after subsequent boosters, but rapidly decayed
after each immunization. Neutralizing antibodies
were produced, but they were only effective against
the homologous virus and did not neutralize a differ-
ent strain ofHIV- I (HTLV-IIIRF). Two chimpanzees
were selected for challenge two weeks after a fifth
dose of gpl20 formulated in alum, receiving 40 or
400 TCID50. Virus was isolated from both animals
and both developed antibodies to p24 indicating an
active infection.

(b) It is likely that neutralizing antibodies to HIV,
which have been demonstrated in certain HIV-infec-
ted humans, may prevent extracellular spread of the
virus, but the virus can also spread from infected to
uninfected cells by cell fusion and can thereby escape
neutralizing antibodies. Antibodies that can lyse
HIV-infected cells by antibody-dependent cell-medi-
ated cytotoxicity have recently been detected in
healthy HIV-seropositive individuals and in patients
who have developed AIDS.

T-cell-mediated immunity, which has been found
to be very important in prevention against disease
or death caused by a variety of enveloped viruses in
animals, may help eradicate HIV-infected cells which
can express HIV antigens before spreading virus to
uninfected cells. HIV-specific T-helper cells may
produce lymphokines, such as interleukin-2 (IL-2) to
expand HIV-specific cytotoxic T-cells, or which
could activate other effector cells such as natural
killer cells or macrophages to lyse HIV-infected cells.
Immunization of non-human primates with a

recombinant vaccinia virus that expressed HIV
envelope glycoproteins induced HIV-specific T-
helper cells in macaques and chimpanzees and also
primed HIV-specific cytotoxic T-cells in chimpan-
zees. T-cells from chimpanzees infected with HIV for

three months to three years showed strong prolifer-
ative responses to HIV. Some HIV-infected healthy
humans also have T-cells that recognize HIV antigens
by proliferating and/or by lysing autologous HIV-
infected cells. In this regard, it will be interesting and
important to determine whether there is an inverse
relationship between the level and functional types of
HIV-specific T-cell responses with the subsequent
development of disease in HIV-infected humans. If
this is observed, it will add further rationale for
developing AIDS vaccines that can induce strong
HIV-specific T-cell-mediated immunity in man and
rationale for attempting to augment HIV-specific
T-cell immunity in humans already infected with the
virus, before they develop immunosuppression.

(c) Prototype live recombinant vaccines have also
been prepared by inserting the genes encoding either
the HIV-1 (strain LAV-BRU) envelope glycoprotein
gpl60 and/or core proteins p24, p18 or the complete
gag protein or non-structural proteins nef or vif into
a vaccinia virus genome. Resulting recombinant
viruses were injected into chimpanzees by the intra-
dermal route or by scarification. The chimpanzees
showed a transient but significant proliferative
response to HIV or gpl6O, but not to p24, after two
injections of or scarifications with vaccinia virus
recombinants. Most animals were also seropositive
to HIV-1 by ELISA. Immune responses were en-
hanced after the boost with recombinant vaccinia
virus-infected cells. Antibodies specific for HIV core
antigens were also generated.

Prospects for the future
Experimental infection of chimpanzees with HIV-1

is a reliable model of infection for the human virus. If
the suggestive data that chimpanzees infected with
HIV may develop disease proves to be true, then it
may be possible to identify factors that influence
disease progression.
With the development of the simian immunode-

ficiency model, chimpanzees could be reserved for
second-phase testing of more promising candidate
vaccines. Preparations with increased immunogeni-
city, using different immunization vehicles, such
as immunostimulatory complexes (ISCOMs), are
currently being evaluated as possible means for
inducing a broader-reacting immune response that
is maintained for a longer period of time after vac-
cination.

LENTIVIRUSES FROM NON-PRIMATE
MAMMALIAN HOSTS

The term lentivirus ("slow virus") was applied
first to the etiological agent of maedi-visna disease
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complex of sheep, the classic example of "slow virus
disease". Slow viruses have long incubation periods,
with a gradual onset and slowly progressive course of
disease that invariably ends in cachexia and death.
However, visna virus is not T-lymphotropic and does
not cause immunodeficiency.
Other mammalian viruses with biophysical proper-

ties similar to maedi-visna virus have been recog-
nized in nature and placed in the lentivirus subfamily.
Two recent additions to this subfamily are the bovine
immunodeficiency-like virus (BIV) and the feline
immunodeficiency virus (FIV; formerly called
FTLV). BIV and FIV are distinct from the previously
known bovine (BLV) and feline (FeLV) leukaemia
viruses, which are members of the oncovirus
subfamily. The nonprimate lentiviruses are restricted
in their host range and are not known to infect
primates, including humans.
Visna virus replicates in lymphocytes and macro-

phages in vivo and this results in life-long infection in
the host. Virus replication continues throughout the
infection at a minimally productive rate, a phenom-
enon that, by definition, emphasizes the ineffective-
ness of immunological mechanisms in eliminating the
agents. Enigmas that apply to all lentivirus infections
are the nature of the factor(s) that trigger the onset of
disease after prolonged periods of subclinical infec-
tion and the paradox of virus-host interactions in
which the virus replicates at a minimal rate and yet
this somehow leads to progressive wasting disease.

Pathogenic mechanisms of non-primate lentiviruses
(13)
Studies on the closely-related visna and caprine

arthritis-encephalitis viruses suggest that the infec-
tion of macrophages plays a pivotal role in the mech-
anism of virus persistence and in the clinical syn-
dromes that these animals succumb to. HIV also
infects macrophages and as studies on the patho-
genesis of AIDS unfold, these cells are coming under
increased scrutiny as candidates with probably as
great a role in the human disease as they have in
the diseases of sheep and goats. The close similarity
between the animal lentiviruses and HIV suggests that
the interaction between the lentiviruses and host cells
may provide relevant information and a better under-
standing of the biology of the human pathogen.
The lentiviruses have distinct differences in their

interaction with macrophages and non-macrophage
cell types. These latter cells may be fibroblasts in the
visna virus system or helper T-lymphocytes in the
HIV system. In the visna system, the interactions
between virus and fibroblasts, and virus and macro-
phages can be summarized as follows.

(a) Visna virus/fibroblast interactions. Visna

virus causes fusion of fibroblasts "from without" in
a pH-independent manner, reminiscent of the inter-
action of paramyxovirus/cell interactions. This
suggests that the viral genome is introduced into these
cells after fusion of the viral envelope with the plasma
membrane of the cell. Initial fusion between virus and
fibroblasts is followed by progressive fusion of con-
tiguous cells. Antibodies that inhibit this fusion
process usually neutralize infectivity of the virus.
However, when antigenic variant viruses are used in
these experiments, polyclonal antibodies induced by
the parental virus prevent fusion by the variant virus
but do not neutralize infectivity of the latter agent.
Thus, infection in fibroblasts may occur indepen-
dently of cell-to-cell fusion. Maturation of progeny
virus in fibroblasts occurs at the plasma membrane by
a budding process. Treatment of cells with neutral-
izing antibodies at this stage of the virus life-cycle
results in accumulation of virus particles at various
stages of budding at the cell surface and "capping
off' of these viral aggregates.

(b) Visna virus/macrophage interactions. Lenti-
viruses do not cause "fusion from without" in macro-
phages, irrespective of the multiplicity of inoculation
(up to lo, plaque-forming units per cell). This
indicates that virus enters these cells by a non-fusing
process, perhaps by endocytosis, after binding to a
specific receptor, or by random phagocytosis of the
particles. Virus preincubated with antibodies is endo-
cytosed faster than non-antibody-treated virus. Both
neutralizing and non-neutralizing antibodies acceler-
ate the early events in the virus life-cycle including
binding and uncoating of the virus within the macro-
phage. When neutralizing antibodies are used, virus
is internalized and uncoated rapidly but no RNA tran-
scripts are produced. Antibodies which bind to viral
envelope antigens but do not neutralize infectivity
enhance the infection because these immunoglobulins
facilitate entry of large numbers of infectious virus
particles into the macrophages. This disparity in
speed of entry of virus into the cells between anti-
body-treated virus and virus alone does not occur
when F(ab)2 fragments of the antibodies are used
instead of intact immunoglobulins. This provides in-
direct evidence that when virus particles are reacted
with antibody molecules, complexes may be endo-
cytosed by macrophages via Fc receptors on the sur-
face of these cells. Thus, infection in the macrophage
may occur by three mechanisms: (1) entry into the
cell following virus attachment to specific receptors;
(2) entry into cells by phagocytosis of virus particles;
and (3) entry into cells by phagocytosis of immune
complexes via the Fc receptors of the cell. Virus
maturation in macrophages occurs within the cyto-
plasm of the cell by budding off the membranes of
intracytoplasmic vacuoles and accumulating within
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these vacuoles. Only minimal budding of virus par-
ticles occurs at the plasma membrane of these cells.
The envelope of lentiviruses consists of a large

heavily-glycosylated glycoprotein structure that is
encoded by the env gene. Oligosaccharide chains with
numerous terminal sialic acid molecules are attached
to the env protein backbone by 0 and N linkages.
These carbohydrate molecules create an outer shell
on the virus and cause reduction in the affinity of
binding of neutralizing antibodies to virus particles.
Treatment of virions with neuraminidase removes the
sialic acid molecules and this results in improvement
in the kinetics of neutralization. In fact, some sera
which have no apparent neutralizing activity (they
have infection-enhancing properties) will neutralize
neuraminidase-treated virus. The distinction between
neutralizing and non-neutralizing antibodies may
therefore reside in the avidity of binding between Ig
molecules and virus particles. Neutralizing anti-
bodies may bind more tightly to the virus particles
than the non-neutralizing antibodies. Since virus
neutralization is the net result of two competing
systems, virus binding to cells and virus binding to
antibodies, any delay in binding between virus and
antibodies would increase the chances of infection in
the host cell. This is particularly important because
the affinity of virus for cellular attachment sites is
very high. The mere demonstration of neutralizing
antibodies in sera is therefore not enough to indicate
protective properties because such antibodies may be
"slow" in causing neutralization or even enhance
infection in macrophages.
Although virus morphogenesis occurs within the

cytoplasm of the macrophage, these cells express
viral antigens on their plasma membranes, preceding
by 2 or 3 days the synthesis of virus particles. One of
these antigens is a fusion determinant of visna virus.
Cells with receptors for the fusion determinant are
readily recruited into multinucleated syncytia. The
fusion process represents a potential mechanism for
the macrophage to disseminate infectivity by a trans-
fection mechanism. Such a process does not require
virus particles to cause infection because viral RNA,
transfected into neighbouring cells by the fusion pro-
cess, would be enough to initiate the virus life-cycle
without participation by infectious virions. Recent
experiments have suggested that high levels of anti-
fusion antibodies (not necessarily neutralizing) may
protect animals against massive dissemination of
virus in vivo and thus helped them to remain clinically
normal, albeit infected. A relevant question here is:
are anti-fusion antibodies important in protecting
against disease? This concept may be important in a
vaccine-therapy approach where the idea would be
not to prevent infection like a true vaccine, but rather
to boost production of antibodies to the fusion pro-

teins of the virus. The object here would be to limit
the rate of virus dissemination and thus keep the
infection within controllable limits.

Virus-infected macrophages present viral antigens
to lymphocytes within restriction limits ofMHC anti-
gens. One of the viral antigens is associated with Ia
antigens on the surface of the infected macrophage.
The viral antigen is distinct from the structural fusion
determinant of visna virus and is recognized within
the context of Ia by T lymphocytes of sheep and goats
resulting in production of an interferon. This inter-
feron has a number of effects on the mononuclear cell
population, including induction of expression of Ia
and production of prostaglandin E2 by macrophages,
suppression of proliferation of mononuclear cells,
and inhibition of virus gene expression. It has been
proposed that maintenance of macrophages in a state
of continuous antigen presentation may increase the
potential for creating immunopathological or possible
autoimmune reactions.

In summary, lentiviruses have evolved an unusual
relationship with the chief defence cell of the body.
The infected macrophage not only regulates the
amount of virus particles produced during infection,
but is also the major disseminator of virus in nature
(infected macrophages in colostrum and inflamma-
tory respiratory exudates) for the spread of the virus
within the body, and for induction of immunopatho-
logical processes. Therapeutic interventions aimed at
preventing infection or in reducing the severity of
pathological lesions will have to focus on the infected
macrophage in its role as a virus-producing cell and
also as an infected antigen-presenting cell. Such
interventions will have to be performed with the
understanding that this therapy, which may prevent
virus replication, may enhance immunological reac-
tivity and pathology and vice versa.

Feline immunodeficiency virus (FIV) (14)
FIV, previously known as feline T-lymphotropic

lentivirus (FTLV), causes a persistent immunodefi-
ciency syndrome characterized by oral, gastrointes-
tinal and upper respiratory diseases. The pathology
most frequently observed is gingivitis, periodontitis,
chronic proliferative and ulcerative stomatites, anor-
exia and emaciation, chronic diarrhoea and dehy-
dration, chronic rhinitis, conjunctivitis, and upper
respiratory infections. Other clinical signs observed
in the infected cats are lymphadenopathy, neurologi-
cal abnormalities, chronic abscesses, fever, and
chronic microbial infections.

Serological surveys conducted in different parts of
the world have shown that from 14% to 30% of cats
with a history of chronic infections are infected with
FIV, although coinfection with FeLV is common.
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The initial isolation of FIV was derived by co-
cultivating peripheral blood lymphocytes (PBLs)
from infected cats with concanavalin-A (Con-A)
stimulated PBLs from specific pathogen-free (SPF)
cats. The virus induced giant cells and cell death in
these cultures. The virus isolate replicated in primary
T-spleen cells as well as in stimulated thymus cells,
feline T-lymphoblastoid cell lines (FL74, LSA-1),
and Crandell feline kidney cells. FIV is highly
species-specific and does not seem to replicate in a
variety of human, canine and rodent cell lines tested.
FIV has the typical morphology of lentiviruses and

possesses a Mg++-dependent reverse transcriptase.
In Western blot analysis, FIV antigens do not cross-
react with those of SIV, HIV-1, HIV-2, maedi-visna
or caprine arthritis-encephalitis virus. Molecular
cloning and detailed analysis of the FIV genome
remain to be done.
Experimental infection of specific-pathogen-free

kittens resulted in lifelong persistent infection.
Antibodies are detectable by ELISA or Western blot
as early as two weeks after infection. A generalized
lymphadenopathy appears in all experimentally-
infected cats, beginning 3 to 5 weeks post-inoculation;
peak lymph node enlargement occurs 2 to 8 weeks
later, and slowly resolves after 2 to 9 months. An
absolute neutropenia, often associated with a leuko-
penia, occurs in many of the cats beginning about 2
to 5 weeks post-inoculation and persisting for 4 to 9
weeks before disappearing. FIV has been reisolated
from the brain, spleen, bone marrow, PBLs, mesen-
teric and submandibular lymph nodes, saliva, and
cerebrospinal fluid.

Blastogenic respones to T-cell mitogens are de-
pressed during the initial clinical phase of illness
(fever, neutropenia) in experimentally-infected kit-
tens. Suppression of lymphocyte mitogenesis lasted
for several weeks before reversing itself. Lympho-
cyte blastogenesis then increased above normal levels
during the subsequent 2 to 9 months of the lymph-
adenopathy stage, and it returned to normal as the
lymphadenopathy disappeared. A variable decrease
in lymphocyte blastogenesis reappeared in the AIDS
phase of the illness.
Attempts to demonstrate experimentally horizontal

transmission by prolonged intimate contact have
failed. However, FIV appears to be transmitted by
bites (through infected saliva).

Bovine immunodeficiency-like virus (BIV) (15)
BIV was originally isolated in 1969 from leuko-

cytes of a cow with persistent lymphocytosis, lymph-
adenopathy, lesions of the central nervous system,
progressive weakness, and emaciation. However,
the extent of BIV natural infection remains to

be determined.
Experimental infection with BIV of colostrum-

deprived calves reared in isolation causes a mild
lymphocytosis and lymphadenopathy early in the in-
fection (within 3-12 weeks after inoculation), which
is similar to the persistent, generalized lymphaden-
opathy considered to be part of the AIDS-related
complex (ARC). The subcutaneous palpable nodes
are of the haemolymph type and are particularly
noticeable in the cervical region. Histological exami-
nation of these swollen nodes reveals a follicular
hyperplasia of the germinal centres without signs of
lymphosarcoma. The hyperplasia can be specifically
attributed to an increase in the number of small
lymphocytes.
BIV can grow in a number of primary cell cultures

derived from first-trimester bovine fetuses, although
the cell of choice has been spleen. At present, estab-
lished cell lines of bovine origin have not been
permissive for viral replication, but a fetal canine
thymus cell line (Cf2th) is susceptible and may
provide a good source of antigen for diagnostic tests.
The cytopathic or syncytia-inducing capability of

BIV is similar to that seen in HIV and other lenti-
viruses in their host cells. BIV has a reverse tran-
scriptase which shows a significant preference for
Mg++. Electron microscopy of infected cultures
reveals virus particles with a lentivirus morphology.
Polyacrylamide-gel electrophoresis of concentrated
purified virus reveals a major band of relative
molecular mass (Mr) 26 000 (p26) corresponding to
the major core protein. Preliminary studies of BIV
proteins, recognized by bovine antibodies from
naturally or experimentally infected cattle, have
shown putative transmembrane protein with a relative
molecular mass of 32 000 to 42 000 and an exterior
envelope glycoprotein as a doublet ofMr 120 000 and
160 000, by radioimmuno-precipitation and Western
blotting. Immunofluorescence assays of HIV-infec-
ted lymphocytes using polyvalent anti-BIV serum
demonstrated the presence of cross-reacting epitopes;
these shared determinants were localized in Western
blots to the major core proteins, p24 and p26, of HIV
and BIV, respectively.
BIV has recently been molecularly cloned, and two

infectious proviruses (clones 106 and 127) have been
obtained for future detailed studies. Clone 106 has
been completely sequenced. Overall, the genome
looks much like that of HIV with the exception that it
is smaller (8875 base pairs). The env gene region is
larger and has a signficant number of glycosylation
sites. Restriction enzyme comparisons of the two in-
fectious clones suggest a hyperavailability of env
sequences, as seen in other lentiviruses. There is an
intergenic region between the pol and env genes in
which several open reading frames can be found that
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may functionally correspond to the vif, tat and rev,
and vpx genes found in HIV and/or SIV. An
additional open reading frame exists at the 3' LTR.
Detailed analyses of the structure, function, and
relationship of the predicted coding regions are at
present under study.

Potential uses of non-primate lentivirus models
The non-primate lentivirus animal models offer

several advantages, e.g., they are natural infections
common throughout the world and, because of their
species-specificity, working with these agents does
not require biohazard containment for human protec-
tion. These animal models are potentially useful for
dissecting the complex biology of HIV infection,
including mechanisms for induction of protective
immunity.
Once validated, the FIV model has the following

advantages: inexpensive, short incubation period,
animals available in large supply, various clinical
stages from field cases, and specific-pathogen-free
animals. This model could also be used for the pre-
liminary screening of large numbers of potentially
useful antiviral agents.

OTHER VIRUSES AND MODELS

Non-lentiviruses that induce immunodeficiency
Included in this category are feline leukaemia virus

(FeLV) and the macaque type D retroviruses (SRV)
associated with simian AIDS (SAIDS).

In addition to subclinical infection and tumours
which generally take a long time to develop, FeLV
can be responsible for a wide spectrum of chronic
non-neoplastic conditions in cats including immuno-
suppression, wasting, severe diarrhoea and anaemia.
Similarly, type D retroviruses have been shown to
be associated with immunodeficiency and chronic
wasting syndromes, opportunistic infections, necro-
tizing gingivitis, and retroperitoneal fibromatosis in
primate colonies.

Experience with several animal retroviruses under-
pins the rationale for selecting the HIV envelope as
the antigen for use in many of the candidate AIDS
vaccines. An experimental bovine leukaemia virus
(BLV) vaccine is being tested, and extensive studies
of murine leukaemia virus have shown that vaccines
incorporating the envelope glycoprotein may prevent
infection. A commercial vaccine against FeLV,
which includes envelope glycoprotein, protects most
cats from FeLV infection and disease.
A killed whole-virus preparation has been shown to

confer protection against the type-D SRV infection.
This would allow for the comparison of vaccine

strategies in this model, using different recombinant
and other subunit candidate vaccines. Type-D simian
retroviruses are common in macaque colonies, a situ-
ation that has to be understood and controlled in order
to develop further the more relevant SIV model.

New potential models: transgenic mice

A characteristic feature ofHIV infection is the long
asymptomatic phase following initial exposure to the
virus. During this period, a positive serology may be
the only evidence of infection in an individual with no
clinical evidence of disease. It is very likely, how-
ever, that multiple copies of integrated provirus DNA
are present in infected persons, some ofwhich may be
functionally repressed, incapable of performing the
production of progeny virions. This latent or per-
sistent phase of HIV infection has been modelled by
constructing two types of transgenic mice in which
gene expression is regulated by the HIV long terminal
repeats (LTR).
The first model consists of the HIV LTR linked to

the bacterial gene, chloramphenicol acetyl trans-
ferase (CAT). The CAT gene has been ligated to a
number of eukaryotic and viral promoter elements
and its expression monitored following transfection
into mammalian cells. Four founder strains of mice
were established carrying 2 to 8 copies of the HIV
LTR-CAT construction. High levels of constructive
CAT expression were monitored in the thymus, tail,
heart and eye of all four transgenic mouse strains;
lower levels were detected in spleen, small intestine
and liver. Although no HIV LTR-directed CAT
activity was detectable in circulating lymphocytes
or bone marrow-derived macrophages, augmented
(20-30-fold) expression was observed when these
cells were activated in vitro with mitogens or recom-
binant cytokines such as IL-2, colony-stimulating-
factor (CSF-1), and granulocyte-macrophage colony-
stimulating-factor (GM-CSF). Upon further examin-
ation, the elevated CAT expression in mouse tail was
localized to the skin. Fractionation of skin con-
stituents revealed very high levels of CAT in epider-
mal Langerhans cells (LCs) and not in keratinocytes.
The former are highly differentiated dendritic cells of
monocyte macrophage lineage, comprising 2% to 5%
of epidermal cells. Functionally, LCs are thought to
be the most peripheral limb of the immune system,
representing the cell type that initially encounters
microorganisms/foreign bodies at the portal of entry.
LCs are considered to be highly differentiated mono-
cytes (macrophages which originate in the bone mar-
row). Several reports describe the depletion of LCs in
AIDS patients. It is noteworthy that HIV LTR-direc-
ted CAT synthesis occurred in transgenic animals that
had never been exposed to the HIV transactivating
regulatory protein, tat. These findings therefore
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imply the existence of tissue-specific regulatory fac-
tors that are able to modulate the expression of an
integrated HIV LTR.

In a second group of experiments, transgenic mice
were constructed containing an infectious molecular
clone of HIV. Thirteen founder animals, ranging in
age from 7 to 16 weeks and containing 2 to 60 copies
of HIV, have been obtained. Thus far, all 13 animals
are healthy and have exhibited no manifestations of
disease. Two animals seroconverted and synthesized
antibodies that react with HIV env and gag proteins.
One of these (a female animal), containing two copies
of the HIV provirus, was mated to non-transgenic
FVB male mice; two litters have been obtained. Ap-
proximately 50% (9/19) of F-1 animals developed a
unique syndrome and died. The clinicopathological
features of the affected animals include runting,
scaling and fissuring of the skin (tail, feet, and ears):
microscopically characterized by hyperkeratosis and
acanthosis), thymic atrophy (about 20% the size of
the thymus in non-transgenic littermates), lymph-
adenopathy, and lymphocytic infiltrates in the spleen,
lung and intestine. Animals developed symptoms
at 12-14 days of age and died approximately 2
weeks later. Affected animals invariably carried the
HIV provirus whereas healthy littermates were not
transgenic.

CONCLUSIONS AND RECOMMENDATIONS

The consultation clearly indicated that there are a
number of potentially useful animal models for HIV
infection and disease. Three major models were
discussed: simian immunodeficiency viruses (SIV),
non-primate lentiviruses, and HIV infection of non-
human primates.
Simian immunodeficiency viruses comprise a di-

verse group of non-human lentiviruses, closely
related to HIV. They have been isolated from ma-
caques, sooty mangabeys, African green monkeys,
and mandrills. The last two species are known to be
infected in their natural habitats. SIV shares a number
of molecular and biological characteristics with HIV
and causes an AIDS-like disease in selected non-
human primates. The SIV model will be important to
understand the pathogenesis of the disease and will
facilitate the evaluation of AIDS candidate vaccines
and treatment strategies.
The non-primate lentiviruses include a number of

persistent viruses that cause chronic debilitating dis-
eases and sometimes immunodeficiency in different
animal species. These viruses are not known to in-
fect primates, including humans. The non-primate
models, particularly the bovine and feline lenti-
viruses, could be used for dissecting the complex

biology of HIV infection, including the mechanism
for induction of protective immunity. A major advan-
tage is that infection with these viruses is common
throughout the world, and working with them does
not require biohazard containment for human protec-
tion. Lentiviruses from small animals could be used
for the preliminary screening of large numbers of
potentially useful antiviral agents.
Chimpanzees are susceptible to infection with

HIV-1 and exhibit a humoral immune response simi-
lar to that seen in human HIV infection. At 48 months
post-infection, no chimpanzee was found to have
developed the clinical features of AIDS but changes
in the HIV antibody profiles, predictive of the disease
in humans, are now being observed. Immunization of
chimpanzees with a variety of candidate vaccines has
resulted in the forming of HIV-specific T-cells and in
the development of antibodies, although with little or
no detectable neutralizing activity. Immunized chim-
panzees that were challenged with HIV-1 were not
protected, and more effective immunogens are now
being evaluated.
The participants' recommendations to WHO were:

(a) To promote further research on animal
models, including HIV, SIV and non-primate lenti-
virus models, with emphasis on the mechanisms of
pathogenesis, potential measures for protective
immunity and therapy, and studies on the diversity
and natural history of primate lentiviruses. Ongoing
basic and applied research with SIV should be ac-
celerated and new avenues for its use should be
explored.

(b) To assist in the establishment of primate
research facilities and in the coordination of inter-
national collaborative efforts between investigators
in different countries. Critical for this effort is
the need for new facilities with adequate biosafety
containment.

(c) To continue to facilitate exchange of infor-
mation pertinent to animal models for HIV and SIV
infections through sponsorship of scientific and tech-
nical meetings and publication of technical reports.

(d) To assist in efforts to optimize the develop-
ment and use of primate and non-primate lentivirus
models, including the development of ancillary re-
agent and test systems, such as a repository of rel-
evant antibodies to characterize viruses and target
cells. WHO should facilitate the availability of these
reagents by establishing reference centres for animal
lentiviruses.

(e) To develop recommendations on the use of rel-
evant animal models for HIV infection in the evalu-
ation of candidate vaccines and therapeutic agents.

* *
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RESUME

LES MODtLES ANIMAUX POUR L'INFECTION A VIH ET LE SIDA:
MtMORANDUM D'UNE RtUNION DE L'OMS

Une rdunion, qui s'est tenue au Siege de l'OMS du 28 au
30 mars 1988, a examine les possibilites d'utilisation de
modeles animaux pour l'6tude de la pathogenese de l'in-
fection a VIH et du SIDA, ainsi que pour l'dvaluation pr6-
clinique de medicaments antiviraux et de vaccins. Vingt-

, huit experts venant de 8 pays ont participe a la consultation
qui a porte sur 3 principaux modeles: les virus de l'immuno-
d6ficience simienne (VIS), les lentivirus d'animaux n'ap-
partenant pas a l'ordre des primates et l'infection de
primates non humains par le VIH.
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Le groupe des VIS est constitue de divers lentivirus non
humains, 6troitement apparent6s au VIH, qui ont ete isol6s
chez des macaques, des cercocebes (Cercocebus atys), des
singes verts africains et des mandrills. On sait que ces 2
dernieres especes sont infectees dans leur habitat naturel.
Les VIS ont un certain nombre de caracteristiques mole-
culaires et biologiques communes avec le VIH et pro-
voquent une maladie analogue au SIDA chez certains pri-
mates non humains. Le modele a VIS sera important pour
comprendre la pathogenese de la maladie et facilitera
l'evaluation des vaccins et des strategies de traitement pro-
poses contre le SIDA.
Les lentivirus des animaux n'appartenant pas a l'ordre des

primates comprennent un certain nombre de virus persis-
tants qui infectent differentes especes animales chez les-
quelles ils provoquent des maladies chroniques debilitantes
et parfois une immunodeficience. Ces virus ont une gamme
d'h6tes reduite et il ne semble pas qu'ils infectent l'homme
ni les autres primates. Les modeles fondes sur ces virus,
notamment les lentivirus des bovins et des felins, pourraient
servir a elucider la biologie complexe de l'infection a VIH,
et notamment le mecanisme d'induction de l'immunite pro-
tectrice. Ces virus sont repandus dans le monde entier, de
sorte que les travaux n'ont pas besoin de se derouler dans
des laboratoires a haute securite, ce qui represente un grand
avantage. Les lentivirus des petits animaux pourraient
servir au criblage preliminaire d'un grand nombre d'agents

antiviraux potentiellement utiles.
Les chimpanzes peuvent atre facilement infectes par

le VIH-1, qui suscite chez eux une reponse immunitaire
humorale semblable a celle que l'on observe dans l'infection
par le VIH humain. La prdsence d'anticorps neutralisants
et d'une immunite a mediation cellulaire a egalement ete
demontree. Quarante-huit mois apres l'infection, aucun
chimpanze ne presente de sympt6mes cliniques du SIDA,
bien que l'on observe maintenant des changements dans les
profils d'anticorps anti-VIH qui, chez 1'homme, sont
annonciateurs de la maladie. Chez des chimpanzes immuni-
ses avec divers prototypes de vaccins, on a constate la
formation de lymphocytes T specifiques du VIH et le
developpement d'anticorps, mais on n'a guere pu deceler
d'activite neutralisante. Les chimpanzes ainsi vaccines
n'ont pas ete proteges contre une inoculation d'epreuve de
VIH-1, et l'on procede maintenant a l'evaluation d'im-
munogenes plus efficaces.
La consultation a montre clairement qu'il existe un certain

nombre de modeles animaux potentiellement utiles pour
l'etude de l'infection a VIH et du SIDA. L'OMS continuera
a faciliter les echanges scientifiques et la collaboration dans
ce domaine, et elle prevoit que des recommandations
devront etre formul6es sur l'utilisation de modeles animaux
appropries a l'etude du VIH, en vue de l'evaluation des
vaccins et agents therapeutiques proposes.
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