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transforming growth factor

T-helper 1

T-helper 2

tumour necrosis factor
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uridine 5'-triphosphatease

white blood cell(s)
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SUMMARY

This thesis is a study of the haematological events occurring in early
experimental FIV infection in cats. In the first few weeks of
infection with FIV, there is intense viral activity and viraemia. This
is accompanied by lymphadenopathy, acute clinical illness and a
profound neutropaenia of unknown pathogenesis. Cytopaenias of
“any or all of the blood cell lines are known to occur in late infection
in both FIV and HIV. These are important in terms of their own
morbidity and in that they limit the type and intensity of therapy
which can be given to combat the viral and secondary infections.
Their aetiology is likely to be multifactorial. The predictable
neutropaenia seen in early FIV infection presented an ideal

opportunity to elucidate the role of FIV in bone marrow.

Feline haematological parameters were re-evaluated using percentile
analysis of database results. Although the number of results on the
database was relatively small, the advantages of the percentile
system were demonstrated over the traditional "normal” ranges. A
comparison between a small distinct population of research cats and
cats from the general population illustrated the danger of using small
groups of animals from closed populations to construct "normal”
ranges, as there were distinct differences between the two groups

regarding total white cell numbers, lymphocytes and eosinophils.

After experimental infection with the Glasgow-8 strain of FIV, cats
were sequentially blood sampled and full haematological profiles

were obtained over a six month period. All infected animals
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developed a neutropaenia 5-6 weeks after infection. This was of
variable duration and severity. Those cats with the most profound
and prolonged neutropaenia were also clinically ill for a few days.
The infected cats also had significantly fewer erythrocytes than
control cats, although they were never anaemic. A significant
difference in lymphocyte numbers was also recorded between the
two groups of control and infected animals, infected animals again
having lower numbers but not becoming lymphopaenic. Relative

eosinopaenia was noted in infected animals.

In order to establish the efficacy of neutrophil production at this
time, serial bone marrow aspirates were taken from the cats and
subjected to quantitative assay techniques. These assays enabled the
numbers of committed neutrophil, monocyte-macrophage and
erythroid precursors to be ascertained. The results showed that there
were significantly fewer neutrophil and monocyte-macrophage
precursors in infected cats than in control animals. This difference
was most pronounced at 5-6 weeks post-infection, when the

infected cats were also neutropaenic.

Having demonstrated that neutrophil production in bone marrow
was compromised in early FIV infection, it was then important to
determine the mechanism of the progenitor cell suppression.
Inhibition of neutrophil production could have been due to direct
infection and killing of precursors by virus; direct infection and
compromise of function of progenitor cells; or by indirect means
whereby feeder, stromal or accessory cells were virally infected and
growth factor regulation disrupted. Clonally-derived colonies of

bone marrow cells grown in the assay system were individually
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screened by PCR for evidence of direct viral infection. All colony
types (CFU-M, CFU-G, CFU-GM and BFU-E) were found to be
positive for the FIV LTR fragment. The proportion of infected
colonies varied according to time post-infection, suggesting that
there was a dynamic relationship between virus, progenitors and
progeny cells. Maximum numbers of infected colonies were found

at 12 weeks post-infection.

Immunohistochemistry was performed to investigate whether colony
cells were expressing FIV proteins. Colonies from the assay plates
were spun onto slides and stained with anti-p24 antibody. The vast
majority of cells staining positive were macrophages. Maximum
numbers of positive cells were detected at weeks 5-6 post-infection.
Very few mononuclear cells stained positively, but this did not
exclude the possibility of their being infected. The varying nature of
the proportion of cells expressing p24 followed a similar pattern to
that of the numbers being positive by PCR, reinforcing the theory
that the numbers of infected cells depended on the quantity of

infectious virus being produced at any one time.

Peripheral neutrophils from asymptomatic long-term infected cats
were screened by PCR for the presence of FIV. No virus was found
in these cells. The committed precursor cells from which these cells
were derived must also have been free of virus. This was to be
expected of long-term infected animals in the asymptomatic stage as
viral production would be at low levels, and therefore few
precursors would be infected. Circulating mature cells from cats in

early infection were not tested.
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Findings from the studies outlined above are comparable with the
known facts on HIV. Further investigation into the marrow events in
FIV would be useful in elucidating the pathogenesis of cytopaenias
in both FIV itself and in HIV.
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CHAPTER 1
GENERAL INTRODUCTION

1.1. HAEMOPOIESIS

Mammalian leucocytes have a short life span. Haemopoiesis is the
process by which mammals replace circulating blood cells by a
combination of replication and differentiation of precursor cells to
enable a constant supply of mature replacement cells. Haemopoietic
tissue can be divided into three categories:- the multipotential
progenitor cells; the committed progenitor cells and the maturing
cell population. The majority of this tissue is found in bone marrow,
the cells all being derived from a common population of stem cells
established during embryogenesis (Metcalf & Moore 1971).
Although the bone marrow is the major site of haemopoiesis in the
post-natal mammal, a potential for extra-medullary haemopoiesis
exists in organs such as spleen and liver in times of emergency. A
population of stem cells remains in these organs as perhaps a
remnant of their pre-natal haemopoietic function. The haemopoietic
cells are supported by an extensive network of support cells,
forming the bone marrow stroma. The stroma is essential for the
maintenance and development of progenitor cells. A simplified

diagrammatic view of haemopoiesis is represented in fig 1.1.

1.1.1. HAEMOPOIETIC STEM CELLS
Wright & Lord (1992) reviewed the characteristics of haemopoietic
stem cells (HSC). Stem cells are defined as cells with extensive self-

renewal capacity, extending throughout the lifespan of the
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animal. Stem cells have also the potential to give rise to a wide
range of progeny of various lineages, e.g. granulocytes,
lymphocytes, erythrocytes etc. It is, however, the long-lived self
renewal potential which differentiates the true stem cell from other
multilineage progenitor cells. Potten & Loeffler (1990) defined stem
cells as "... capable of [a] proliferation, [b] self-maintenance, [c] the
production of a large number of differentiated functional progeny,
[d] regenerating the tissue after injury and [e] flexibility in these
options". The stem cell compartment is made up of small numbers
of cells in functional compartments. The most primitive cells are
those with the greatest capacity for self-renewal, whilst those more
mature groups are still capable of reconstitution of an irradiated
marrow, but only over a relatively short period of time. This has
been demonstrated by transplantation experiments whereby two
phases of bone marrow engraftment were observed. The initial
engraftment proved to be transient (although essential for patient
survival) but was followed by a long-term reconstitution of the
haemopoietic system (Jones et al 1989). The two phases can
probably be accounted for by the later and earlier cell groups of the
stem cell compartment respectively. These cells cannot be
recognised morphologically and exist at very low frequencies in
marrow.

Stem cells in homeostasis are generally in the resting state, and
require a severe insult to the haemopoietic system to increase their
mitotic rate (Ogawa 1993). Responses to mild changes in demand
for mature cells are catered for by increasing mitotic rate and/or

decreasing maturation time of progenitor cells and their progeny.
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Stem cells may also be found in the circulation in the normal
situation. These tend to be of the more mature compartment, and
numbers increase after stimulation of the marrow compartment

(Beck 1991).

1.1.2. HAEMOPOIETIC PROGENITOR CELLS

Progenitor cells are the immediate progeny of stem cells, being
progressively more limited in their capacity to self-renew and
having a limited differentiation potential (Wright & Lord 1992). Any
self-renewal potential serves only to amplify the numbers of mature
progeny produced. Most progenitors are unipotential, giving rise to
a single type of progeny, but common progenitor cells of élosely
related mature cell types can be found e.g. the granulocyte-
macrophage  progenitor  cell. Progenitor cells are not
morphologically identifiable and any single type is found at less than
1% frequency in marrow. Instead, these cells are identified by their
ability to give rise to clonal colonies of their respective progeny in
in vitro assay systems. Thus, progenitor cells are named colony-
forming cells (CFC) or colony-forming units (CFU). For example,
the progenitor cells giving rise to mature granulocytes are known as
granulocyte colony forming cells, or G-CFC.

The activity and survival of progenitor cells in vivo and in vitro is
dependent on, and controlled by, a large number of growth factors
(colony stimulating factors, CSFs) and cytokines. These are
produced by a range of stromal cells, including fibroblasts and
endothelial cells, monocytes, macrophages and lymphocytes. Their
role may be either stimulatory or inhibitory. These factors are
interdependent, their role in vivo often being unclear due to the large

numbers involved and their many interactions. Additive, synergistic
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and antagonistic effects of various CSF and cytokine combinations
have been demonstrated in vitro. It is thought that steady state
haemopoiesis is established by a balance of positive and negative
regulators. Some factors are involved at the stem cell level. Insults
causing changes in peripheral blood cell demands cause changes in
cytokine and growth factor production, which in turn lead to a

response from the progenitor and maturing cell populations.

1.1.3. MATURING AND MATURE CELLS

Ninety-five percent of haemopoietic cells are maturing and mature
cells. These are the progeny of the progenitor cells, committed in
lineage and having a progressively limited ability to proliférate.
End-stage mature cells are generally incapable of division. These
cells may be recognised morphologically in their various stages of
maturation.

1.1.4. THE HAEMOPOIETIC MICROENVIRONMENT
Haemopoiesis occurs only in a few selected organs in the body. It is
restricted to those sites in which an appropriate "microenvironment”
is available. The haemopoietic microenvironment is composed of
stromal cells, other connective tissue cells and the extra-cellular
matrix (ECM). This tissue is highly organised and composed of
endothelial cells, fibroblasts, reticular cells, adipocytes and
macrophages (Lichtman 1984). The ECM consists of a large
number of components, including collagen of various types,
fibronectin, laminin, heparan sulphate, and hyaluronic acid (Dexter
et al 1984). These components form an important intercellular
network and may be restricted to certain sites within the marrow

cavity. The proteins involved may be responsible for a large number
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of interactions and in the binding of cells to their respective growth
factors.

Survival and differentiation of haemopoietic cells apparently
depends on intimate interaction between stromal cells and
developing haemopoietic cells (Lichtman 1984). Separating stromal
and progenitor cells in in vitro systems by diffusion chamber or an
agar layer results in a decline in haemopoietic activity (Verfaillie
1992). It may be the case that membrane bound forms of growth
factors are essential for the regulation of progenitor cell
development, hence necessitating direct contact between cells for
effect.

It has been recognised for many years for example, | that
erythrocytes develop in association with marrow macrophages
(Lichtman 1984). Clusters of maturing erythroblasts are found in
association with macrophages. These are known as erythroblastic
islets. As well as providing a prolific source of growth factors, the
macrophage is involved in the phagocytosis of the erythrocyte nuclei
in the latter stages of maturation. Other similar types of relationship
are likely to exist between stromal cells and developing

haemopoietic cells.

1.1.5. TRANSFER OF MATURE CELLS TO THE
CIRCULATION

‘The process by which mature cells of the bone marrow are
transferred to the circulation is far from rahdom. Cell entry is
selective and closely regulated. The endothelial lining of the marrow
sinusoids is thought to play an integral part in controlling the release

of cells into circulation. Factors such as integrity of the wall, the
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state of the pores in the wall and blood flow characteristics within
the sinusoids are thought to be important. The endothelium may also
produce important signalling factors (Dorshkind 1990). The
endothelial basement membrane is in close contact with fixed cells
in the sinusoidal spaces known as reticular cells. It has been
suggested that the degree of association between these cells and the
basement membrane regulates the passage of cells into the
sinusoids. Several types of stress e.g. toxaemia have been shown to
reduce the area of endothelial membrane covered by reticular cell
processes. This may well favour cell egress into the circulation.
This, so called, blood-bone barrier may also be responsible for
influencing the influx of soluble mediators into the marrow cavity.

The physical location of the mature cells and their accompanying
cells are important in transfer (Jain 1993). The deformability of the
cell is also relevant, immature cells being less deformable than their
mature equivalents, and having a higher surface negative charge.
The entry of leukocytes and erythrocytes into the vascular space is
believed to be transcellular, but selective numbers of these may also
be able to cross via apertures in the endothelial wall.
Megakaryocytes extend cytoplasmic processes into the sinusoidal
lumen from their position in apposition to the sinusoidal wall, from

whence platelets can fragment into general circulation.
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1.2. RETROVIRIDAE

The retroviridae are a large family of viruses, found primarily in
vertebrates. They cause a wide spectrum of disease, including
malignancies,  wasting  diseases,  neurological  disorders,
immunodeficiencies and lifelong viraemias with no apparent ill-
effect on the host (Coffin et al 1990). Retroviruses are unique in a
number of ways, one of which is their ability to integrate the viral
genome into that of the host cell in a stable manner, such that it may
be transmitted to the progeny. Virus particles can then continue to
be replicated in the next generation of host cells. Integration of viral
genomic sequences into that of the host cell may alter the host
genome at a significant site so that oncogenesis results. Replication
of retroviruses is more prone to error than that of other viruses, due
to the reduced fidelity of the reverse transcriptase enzyme. Thus,
more aberrant viral forms arise, resulting in a genetically diverse
population of viral mutants potentially capable of evading host

immune responses.

1.2.1. CLASSIFICATION

The retroviridae are classified primarily by pathogenicity into three
main groups: the oncoviruses, the lentiviruses and the spumaviruses
(Coffin e al 1990). The oncoviruses may then be divided into five
main subdivisions according to their nucleotide sequences and
genomic structure as follows: avian leukosis-sarcoma; mammalian
type C; B-type viruses; D-type viruses and the HTLV-BLYV group.
The lentiviruses subfamily consists of exogenous viruses causing a
number of neurological and immunological diseases. These include,
as well as feline immunodeficiency virus (FIV), human

immunodeficiency virus (HIV) and simian immunodeficiency virus
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(SIV), the so-called slow viruses maedi-visna of sheep (MV),
equine infectious anaemia (EIA) and caprine arthritis-encephalitis
virus (CAEV). Lentivirus infections characteristically involve a
prolonged asymptomatic phase of latent infection, followed by a
terminal period of clinical disease.

Little is known about the subfamily spumaviridae, and persistent

infection with these viruses is not associated with any disease.

1.3. FELINE IMMUNODEFICIENCY VIRUS

Feline immunodeficiency virus (FIV) is a lentiviral infection of cats
first isolated in California in 1986 (Pedersen et al 1987). Infected
animals develop an immunodeficiency syndrome characterised by
the late-stage onset of a variety of secondary and opportunistic

infections.

1.3.1. VIRAL CLASSIFICATION AND LIFE CYCLE

The FIV virion is typical of the lentivirus family, being 105 to
125nm in diameter, enveloped and spherical to ellipsoid in shape.
Bennett & Smyth (1992) reviewed the physical properties of the
virus: two main envelope glycoproteins are expressed, a major spike
glycoprotein (gp120) responsible for attachment to target cells, and
a smaller transmembrane glycoprotein (gp40). The core is bar or
cone shaped and contains the major proteins p24, p15 and p10. As
with all retroviruses, FIV has a single-stranded RNA genome
(SRNA) and replicates by means of the viral encoded reverse
transcriptase (RT) enzyme.

FIV infects cells by attachment to receptors and internalisation by
endocytosis or membrane fusion. A double-stranded DNA replica

of the original RNA genome containing long terminal repeats (LTR)
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at each end is manufactured using the reverse transcriptase enzyme.
This viral DNA duplex is then inserted into the host cell genome by
the viral integrase. This first phase of the replication cycle proceeds
using existing virion products contained in the viral core and in the
absence of further viral gene expression. Integrated proviral DNA
can then code for viral proteins and RNA using the cellular
mechanisms. The protein cores are assembled during the process of
budding through the plasma membrane of the host cell, where they
acquire their lipid membranes, complete with the viral envelope
glycoproteins. New virions are then free to infect -cells.
Replication is represented diagrammatically in fig 1.2.

Integrated provirus contains the three main open reading frames
(ORF) common to the lentivirus subfamily, thatis gag, pol and env,
as well as the flanking long terminal repeats (LTR) and several
smaller ORFs which may encode regulatory factors. The gag gene
encodes for the main capsid proteins p24, pl5 and pl0. The pol
gene encodes for reverse transcriptase, a protease, a dUTPase and
an integrase. env contains sequences encoding the envelope
glycoproteins.

Most differences between viral isolates have been in the env area
(Bennet & Smyth 1992), although there has been less variation

recorded between FIV isolates than for other lentiviruses e.g. HIV.

1.3.2. EPIDEMIOLOGY
FIV was first isolated in 1986 from domestic cats which were
showing signs of an immunodeficiency syndrome (Pedersen et al

1987). It is widespread, although its prevalence varies across the
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globe, the incidence generally being higher in "sick" cat populations
than in healthy ones. Retrospective serological surveys indicate that
the virus has been present in the feline population as long as
samples have been available to test, i.e. certainly since 1968
(Gruffydd-Jones et al 1988, Shelton et al 1990). Given the endemic
nature and widespread distribution of the virus, it is likely it has
been present for considerably longer. Hosie et al (1989) noted a
prevalence of 19% in sick cats and 6% in healthy cats in the UK.
Surveys in the USA and Canada revealed respective infection rates
of 14% in the sick population and 1.2% in the control population
(Yamamoto et al 1989) and 15% versus 3.6% (Grindem et al 1989),
whilst in Japan higher rates of 43.9% and 12.4% respectively, have
been recorded (Ishida et al 1989). A serological survey conducted
in northern Italy suggested a prevalence of 9% in healthy cats and
12.5% in unhealthy animals (Peri et al 1994). These different rates
of infection may be attributable to different population samples and
a larger, more densely populated, free-roaming domestic cat
population in Japan.

A related virus, infectious puma lentivirus (PLV), has been isolated
from several Florida panthers (Olmsted et al 1992). This virus
elicits the production of cross-reactive antibodies to FIV. Cross
reactive antibodies have also been found in several of the free-
ranging African big cat species (Olmsted et al 1992, Brown et al
1994). The extent of exposure to virus varies widely between cat
populations in different parts of Africa, being up to 91% positive in
Kruger lions, and as low as 0% in Namibian lions. Brown et al
(1994) reported the isolation of a genetically distinct lion lentivirus
from wild east African lions. Several subtypes appear to exist, each

more distinct from each other than FIV is from PLV, suggesting
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they may have evolved in geographically isolated lion populations.
Cross-reactive antibodies have also been found in a significant
percentage of European zoo big cats (Lutz et al 1992), including
lion, tiger and panther.

No apparent signs of FIV-type disease have been reported in free-
ranging wild cats to date (Olmsted et al 1992). The genetic
divergence between feline lentiviruses is sufficient to suggest that
these viruses have been present in the cat population over a long

period, and inter-species transmission is rare.

1.3.3. TRANSMISSION

FIV is more common in adult cats, particularly males and in feral or
roaming cats (Grindem et al 1989, Hosie et al 1989, Ishida et al
1989, Yamamoto et al 1989, Peri et al 1994). Domestic cats are
more likely to become infected than purebred, but this probably
reflects the method of keeping these respective types of animal,
rather than a susceptibility on the part of domestic animals. The
peak incidence of disease occurs at 5-6 years, but it has been
recorded in all age groups, including kittens. Neutered cats have
neither increased nor decreased risk in comparison to entire animals.
The principle method of transmission is horizontal, and appears to
be by biting (Yamamoto et al 1989). Thus, free-roaming male cats
in high density areas are most at risk, as territorial disputes and
aggression are more common. Virus is shed in saliva by all infected
cats, but increased quantities are shed by ill cats (Yamamoto et al
1989). Contact transmission occurs (Pedersen er al 1987) but
appears to do so only after prolonged exposure, if at all. Yamamoto

et al (1989) kept control cats in contact with infected animals for up
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to 14 months with no sign of infection in the control animals.
Venereal transmission has not been recorded.

There is no evidence for vertical transmission in utero, but Kkittens
born to infected dams have contracted infection in the neonatal
period (Callanan et al 1991, Wasmoen et al 1992, Sellon et al
1994). Passively acquired maternal antibody to FIV is acquired
through colostrum but levels wane by 10 weeks of age. It is thought
that virus may be transmitted in milk or via the saliva of the dam.
Attempts to isolate free or cell-associated virus from milk have
yielded variable results. Sellon et al (1994) isolated virus from the
milk of three of four queens infected immediately post-partum. Ten
out of 16 of the kittens born to these queens were virus positive by 8
weeks of age, and remained so up to 7 months. Callanan et al
(1991) and Sellon et al (1994) both postulate that vertical
transmission may be more likely in acutely infected queens, as more
infectious virus is produced during this stage of infection.
Alternatively, Pu et al (1995) reported protection of Kittens born to
FIV infected queens. Protection was primarily by passively acquired
colostral antibody but was only seen in kittens born to queens
infected for 7 months or more. He postulates that this is due to lack
of sufficient antibody response in the dams until this stage of
infection. Yamamoto et al (1988) failed to report infection in Kittens
up to six months of age born to chronically infected dams, which is
in keeping with Pu's findings .

The virus does not infect human, mouse, sheep or dog lymphocytes
in vitro (Yamamoto et al 1988). No antibody has been detected in
people working with infected animals or with the virus (Yamamoto
et al 1989), suggesting that FIV is host-specific, a property common

to most lentiviruses.
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1.3.4. DIAGNOSIS

Diagnosis of clinical cases of FIV in the field is by detection of
plasma antibody. This is usually by the commercially available
concentration immunoassay technology kit (CITE) test consisting of
membrane filter paper coated with virus (IDEXX Systems, Portland,
ME). Presence of plasma antibody in lentivirus infection is
consistent with infection, as the immune response does not result in
clearance of the virus. Antibody can also be detected by the
enzyme-linked immunosorbent assay (ELISA) or by direct
immunofluorescence. Western blotting is considered to be the most
reliable and sensitive diagnostic method of detection of plasma
antibody, but is not suitable for use in the field (Pedersen et al 1987,
Hosie & Jarrett 1990).

Virus may be isolated from the peripheral blood lymphocytes of
infected cats by culture with mitogens and interleukin-2 (IL-2)
(Pedersen et al 1987). A cytopathic effect is observed after
approximately 7 days. The presence of virus can then be confirmed
by immunofluorescence, electron microscopy Or reverse
transcriptase assay (Hopper et al 1994).

The most sensitive method for the detection of FIV in blood or other
infected cells is the polymerase chain reaction (PCR). PCR allows
the selective amplification of viral nucleic acid sequences to
detectable quantities, thus enabling the detection of infection at very
low levels. This is a research technique which has demonstrated the

presence of FIV in seronegative cats (Dandekar et al 1992). In situ

47



hybridisation involves of a radiolabelled FIV probe to detect low
levels of FIV RNA in cells.

1.3.5. CLINICAL SIGNS AND PROGRESSION OF DISEASE
1.3.5.1. NATURAL INFECTION

Cats naturally infected with FIV display a variety of clinical signs
which may be due directly to the virus or, more commonly,
associated with immunodeficiency. Chronic and opportunistic
infections are prevalent in the latter stages, and are manifested as
malaise, weight loss, lymphadenopathy, gingivitis, stomatitis, upi)er
respiratory infections, gastrointestinal infections and an increased
incidence of neoplasia (Grindem et al 1989, Hopper et al 1989,
Ishida et al 1989, Yamamoto et al 1989). The number and severity
of infections tend to increase towards the terminal stages of disease.
Neurological disease is also common in infected animals. The virus
is known to be neurotropic (Dow et al 1992), being found in
astrocytes and microglial cells.

An increased incidence of neoplasia is recorded in FIV infected
cats, particularly lymphomas, probably due to chronic excessive
stimulation of lymphocytes. Shelton et al (1990) reported that the
relative risk of developing leukaemias or lymphomas is 5.6, 62.1 or
77.3 times greater in cats infected with FIV, FeLV or dual infection
respectively, than non-infected cats.

Infection with FIV is lifelong, complete recovery having never been
recorded either in natural or experimental infection. Co-infection
with other retroviruses is not uncommon, especially feline

syncytium-forming virus (FeSFV), but also feline leukaemia virus
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(FeLV) (Hosie et al 1989, Ishida et al 1989, Yamamoto et al 1939).
An association has been noted between FIV and feline calicivirus
(FCV) in cats with chronic gingivitis (Dawson et al 1991). Reubel
et al (1994) also reported that infecting FIV positive cats with FCV
resulted in more severe disease than in control animals. Similar
results were obtained by infecting FIV positive cats with feline
herpes virus (FHV-1) (Reubel et al 1992). The activation of chronic
toxoplasmosis infection can also be brought about by infecting
affected cats with FIV (Lappin et al 1992).

The clinical presentation of FIV may be divided into stages as
follows: a] the acute phase; b] the asymptomatic phase; c] the so-
called AIDS-related complex (ARC) and d] AIDS (Ishida et al
1990). The progression of disease is variable, and probably depends
on age at infection, infectious dose and state of nutrition, coinfection
with other viruses and other cofactors. Following the acute phase
seen at four-five weeks post-infection, infected cats undergo a
prolonged asymptomatic stage before entering the chronic stages
involving lymphadenopathy, wasting and infections. In a study of 11
naturally infected cats in the asymptomatic phase of infection, Ishida
et al (1992) reported 4 of these animals as having disease
progression within 2 years. Two animals died of AIDS-like signs,
and a further two developed lymphadenopathy and gingivitis. The
remaining animals remained in good health. This was a diverse
group of animals with an unknown length of infection and which
were exposed to different environments. Their disease progression

would therefore be expected to be variable.
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1.3.5.2. EXPERIMENTAL INFECTION

Experimental inoculation of cats by the intraperitoneal, intravenous,
subcutaneous, intrathecal, oral, intranasal, intravaginal and
intrarectal routes with FIV results in an acute phase illness five to
eight weeks after inoculation (Yamamoto et al 1988). This may be
achieved using whole blood, plasma, cell culture supernatants or
cell associated virus. Approximately four to six weeks after
infection, most cats become depressed, anorexic, pyrexic, develop a
lymphadenopathy and may show signs of a flu-like illness (Pedersen
et al 1987, Yamamoto et al 1988, Dawson et al 1991, Mandell et al
1992, Dua et al 1994). At this time a profound but transient
neutropaenia develops (Yamamoto et al 1988, Mandell et al 1992,
Dua et al 1994). This phase is short lived, lasting for a few days or
weeks in most animals, after which most recover and enter a
prolonged asymptomatic period. The lymphadenopathy is
maintained for up to a year. The immunodeficient stage of disease

develops following the prolonged asymptomatic period.

1.3.6. PATHOGENESIS

FIV is found predominantly in primary and secondary lymphoid
organs in the early stages of infection, although small quantities of
virus can be found in other organs such as liver and kidney (Beebe
et al 1994). This is consistent with the knowledge that T
lymphocytes, macrophages and other mononuclear cells are the
primary cellular targets. Numbers of infected macrophages are low
in the early stages but rise dramatically during the acute phase of the

illness (Beebe et al 1994). Widespread dissemination of virus
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occurs during the acute phase illness (Beebe et al 1994). This may
be of significance in that virus disseminated to various organ and
cell types may evolve differently and emerge as variants. This is one
of the potential mechanisms for the triggering of the terminal stages
of infection.

FIV is more cytopathic in lymphocytes than macrophages, and T
lymphocyte numbers are reduced during the course of infection. The
CD4:CD8 ratio in infected cats decreases gradually as infection
progresses (Hoffman-Fezer et al 1992, Lehmann et al 1992). Low
 numbers of helper T (CD4) lymphocytes are responsible for the
reduced efficiency of the immune response seen in infected animals
and the consequent clinical syndrome.

The T-lymphocytes of FIV positive cats have been demonstrated to
have persistently elevated levels of MHC class II expression in vivo
(Rideout et al 1992). Lymphocytes from normal animals increase
expression in response to infection with a range of viruses, but this
is usually accompanied by an increase in IL-2 receptor expression.
The alteration in IL-2 receptor expression is not seen in FIV
 infected animals (Rideout et al 1992). The upregulation of MHC
class II may occur as a result of chronic immune stimulation, as it is
also seen in FeLV positive cats. The role of these molecules in T-
cells is unclear, but their increased presence in persistent infections
suggests an important role in normal T-cell function. However,
Willet er al (1991) reported downregulation of MHC class II
expression in in vitro infected T-cells, along with a transient
reduction in the expression of the CD4 receptor. It is postulated that
the virus may cause a reduction in the constitutive expression of
MHC II as a means of reducing the efficacy of the cellular immune

response.
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In vitro response tests to mitogens has demonstrated reduced
ability of FIV infected lymphocytes to proliferate and respond to
these stimulants (Hara et al 1990, Lawrence et al 1992, Bishop et al
1992). The reduced mitogen response is progressive (Taniguchi ez
al 1990), with almost total loss of response by the late stage
disease. ‘

It is not known what triggers the chronic stage of the disease, but it
may be simply a result of levels of T lymphocytes falling below a
critical level (Bennett & Smyth 1992). It has also been suggested
that a switch from the cytotoxic T-cell dominated T-helper 1 (Thl)
immune response to the humoral mediated T-helper 2 (Th2)
response may be responsible (Weiss 1993). Other theories include
the development of viral mutants which evade the host immune
response, or mild secondary infections themselves causing immune
suppression or stimulation of infected cells and thereby enhancing
viral replication (Bennett & Smyth 1992).

Infected cats kept in a controlled environment take longer to
develop the chronic stages of disease than those in high disease
exposure environments (Yamamoto et al 1988). This suggests that
cofactors, for example extraneous infectious diseases, may be

involved in the progression of the syndrome.

1.3.7. HAEMATOLOGICAL CHANGES
1.3.7.1. NATURAL INFECTION

The chronic stages of FIV infection are often accompanied by a
range of haematological abnormalities. A number of authors have
reported cytopaenias in naturally infected cats in the latter stages of

disease (Hopper et al 1989, Yamamoto et al 1989, Shelton et al



1990, 1991, Ishida et al 1992, Sparkes et al 1993). Cytopaenias are
often multiple at this stage, and become more severe as the disease
progresses. Hopper et al (1989) recorded forty of forty-six cats with
a minimum of one haematological abnormality. Eighteen animals
had multiple abnormalities. Fifteen animals were anaemic, fifteen
* lymphopaenic, eleven neutropaenic and seventeen had monocytosis.
Thrombocytopaenia was a less common finding. Yamamoto et al
(1989) surveyed a small number of FIV positive cats with clinical
signs of disease and found 12/40 were anaemic, 14/47 were
leukopaenic, 18/34 were lymphopaenic, 8/37 neutropaenic and 4/25
mildly thrombocytopaenic. 7/47 cats had a leukocytosis, this was
most commonly associated with a neutrophilia. Shelton et al (1990)
conducted a similar survey and produced similar proportions of cats
suffering from these types of cytopaenia. Cytopaenias were seen
only in cats suffering from ARC or AIDS, leukopaenia being seen in
35-76% of AIDS cats and 10-20% of ARC cats. Neutropaenia was
-seldom severe, but lymphopaenia was usually significant. 65-95% of
cats in the final stages of disease have haematocrits of less than 40,
whilst only up to 15% of healthy seropositive cats or ARC cats has
such low values. Observations of cats progressing through ARC to
AIDS have demonstrated a gradual fall in PCV to approximately
17.6% at death, with no evidence of regeneration (Ishida et al
1992).
At this stage of infection, it is difficult to predict the type and
severity of the cytopaenias, such are the complicating factors. These
include dietary insufficiencies, treatment regimes, secondary
infections, the effects of chronic disease and also an increased

frequency of malignancies in infected animals. Cytopaenias are also
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recorded in the latter stages of HIV infection, and are comparable

with those seen in the cat.

1.3.7.2. EXPERIMENTAL INFECTION

Experimentally infected cats develop a profound leukopaenia during
the acute phase of the illness (Pedersen et al 1987, Yamamoto et al
1988, Callanan et al 1992, Mandell et al 1992, George et al 1993,
Dua et al 1994, Linenberger et al 1995).

Leukocyte counts drop at 5 to 8 weeks post-infection and may
remain low for periods up to 40 weeks (George et al 1993),
although most authors report return to normal ranges before this.
The most dramatic change is a profound neutropaenia, which occurs
at this time and may last from a few days to several weeks. It
usually is accompanied by an acute illness in the cats, characterised
by fever, depression, malaise and a generalised lymphadenopathy.
The illness begins at around 6 weeks after infection, is generally at
its worst by 8 weeks, and recovery is complete by 10-12 weeks.
The neutropaenia may be preceded by a mild lymphopaenia at 2-4
weeks post-infection (Callanan et al 1992, Dua et al 1994). Mandell
et al (1992) also reports the occurrence of eosinopaenia along with
the neutropaenia. Red cell parameters and platelet counts are
comparable to control cats at all times during the acute phase. A
small proportion of cats do not recover from this stage and are either
euthanased on humane grounds or die (Yamamoto et al 1988,
Callanan et al 1992). In these animals, pancytopaenia has been
noted (Yamamoto et al 1988). George et al (1993) report that the
haematological events seen in early infection are more severe and of
longer duration the younger the cat is at infection. This may relate to

the relative activities of bone marrow cells in animals of different
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age groups, the more active marrows in younger animals may be
more susceptible to perturbation by viral infection than the more

quiescent marrow of the aged cat.

1.3.8. PATHOGENESIS OF CYTOPAENIAS

1.3.8.1. NATURAL INFECTION

The pathogenesis of the cytopaenias is a matter of some
controversy. Experimental evidence has been conflicting, with no
theory being conclusively verified. Most work has been done on the
HIV cytopaenias in the late stage of infection. Heterogeneity of the
patient groups in terms of stage of infection; drug administration and
concurrent infections, as well as differences in in vitro culture
conditions and in viral isolates are known to affect results. In many
cases the cause of the variation is likely to be multifactorial.

Direct infection of marrow precursor cells, leading to compromised
function or cell death; growth factor dysregulation (either
production of and/or response to); immune mechanisms;
opportunistic infections directly affecting marrow; sequestration or
consumption of cells; nutritional deficiencies or malignancies have

all been implicated as possible mechanisms of cytopaenia.

1.3.8.2. EXPERIMENTAL INFECTION

The pathogenesis of the early, dramatic neutropaenia seen in
experimentally infected animals also remains to be determined. The
event is consistent and repeatable in the majority of animals. Its
occurrence in early natural infections or in HIV is less well

documented, but is thought to occur. Complicating factors such as

55



nutritional deficiencies, therapies and malignancies are not factors
at this early stage of infection. Also, since experimental animals are
specific pathogen free (SPF) and kept in controlled environments, it
is unlikely that secondary or opportunistic infections are relevant to
the neutropaenia. The neutropaenia is striking in its profundity, its
specificity and in its transience. Once again, several explanations
have been offered to clarify this event. Direct infection of progenitor
cells; infection of accessory cells causing a growth factor
dysregulation; immune mediated mechanisms and sequestration of
circulating cells have all been implicated. Sequestration of mature
cells in tissues has been investigated by Callanan et al (1994). They
found evidence of neutrophil accumulation in tissues of selected
animals at this time. He suggested that overwhelming infection and
toxaemia may be contributory to both sequestration and bone
marrow suppression, but this is not common to all affected animals.

It has been established that FIV infection is widespread in
lymphocyte populations at this stage, and also, during the phase of
acute illness, in monocyte/macrophage cells (Beebe et al 1994).
These cell lines are known to be potent producers of haemopoietic
growth factors. Widespread infection of these cells may therefore
disrupt growth factor regulation and upset the delicate balance
required for controlled haemopoiesis. At this stage of active viral
replication it is also feasible that direct viral infection of progenitor
- cells may be occurring. A transient phase of replication in these,
causing either cell death or a cessation of replicative activity could
cause a temporary marrow failure. Similarly, infection of these cells
may lead to enhanced self-renewal of this population, with a
concomitant reduction in progeny until differentiation is resumed.

Following the end of active viral replication, recovery of marrow
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activity, with compensation for lost or damaged cells could occur,
restoring circulating cell numbers. Surviving infected stem cells
could remain in the latent state as an important reservoir of infection

in the later stages of disease.

1.3.9. MARROW PATHOLOGY

Bone marrow taken from infected cats in the acute phase of the
illness is often hyperplastic, with increased cellularity and a higher
proportion of granulocyte and monocyte precursors (Callanan et al
1992, Mandell et al 1992). It has been reported in someé animals
(Callanan et al 1992) that there is a maturation arrest of the
granulocyte line, with increased numbers of immature granulocyte
precursors but a relative lack of mature cells and reserve pool of
mature granulocytes. Mandell et al (1992) reported mild myeloid
hyperplasia as the most consistent cytological feature seen in bone
marrow at neutropaenia. However, the myeloid response seemed
blunted and less vigorous than would have been expected, the shift
toward immature cell types not correlating with the degree of the
neutropaenia. This suggests a compromised ability of the marrow to
respond to neutropaenia. Aggregates of lymphoid follicles have
been reported in the marrow at this stage (Callanan et al 1992),
along with excess numbers of plasma cells, eosinophils and mast
cells (Mandell et al 1992). Shelton et al (1990) found that 13/18
cats in late stage infection had a range of bone marrow
abnormalities, whilst only 3/7 of those in the asymptomatic phase
had changes. These changes were fewer and less severe, including
excess numbers of lymphocytes, plasma cells or eosinophils.

Beebe et al (1992) detected FIV RNA in the marrow cells of 8 out

of 12 of a diverse group of cats. In situ hybridisation revealed the
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RNA in megakaryocytes and unidentified mononuclear cells.
Positive cells were found most frequently in cats displaying signs of
severe illness, those in the acute phase illness and in those with
granulocytic myelodysplasia. Even in the sickest animals, the
infection rate was low, and RNA could not be detected in those
infected cats which were showing no clinical signs. Leukopaenia,
usually associated with a neutropaenia, was the most prevalent
haematological finding in these cats. Linenberger et al (1995) also
reported the detection of infected bone marrow mononuclear cells
and megakaryocytes by in situ hybridisation at weeks 4 to 12 after
experimental inoculation (no animals were tested after 12 weeks).
The highest viral loads were found in the sickest animals. Soluble

p24 antigen could be detected in similar cell types at this time.

1.3.10 TREATMENT

To date, no specific anti-viral drugs have been available to treat
FIV. Drugs which have been used in HIV infection have been
shown to be effective in vitro against FIV. Yates et al (1992)
reported the use of acemannan in infected cats. Acemannan is a
complex carbohydrate which stimulates interleukin-1, tumour
necrosis factor-c. and prostaglandin e2 production by macrophages.
It had shown anti-viral activity against HIV in vitro. Treatment over
a 12 week period resulted in significant increases in lymphocyte
counts, neutrophil counts fell and the incidence of sepsis decreased.
Together, these events probably indicate an improvement in the cats’
ability to deal with infections. Limited data suggest that survival
rates may be improved using this drug.

A second drug, 9-(2-phosphonylmethoxyethyl)adenine, (PMEA),

has also been shown to inhibit viral replication in vitro (Philpott et
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al 1992). Egberink et al (1991) tested the efficacy of PMEA both in
vitro and in vivo and found that viral replication was inhibited. In
vivo PMEA alone was found to reduce clinical disease in naturally
infected cats with opportunistic infections. The nucleoside analog 3'-
azido-3'deoxythymidine (AZT) used in treating HIV in man was
used in conjunction with PMEA in vivo and was proved to have a
therapeutic effect on infected cats (Egberink ez al 1991). Antiviral
drugs can prolong the life of FIV-infected cats, however, none of
these drugs has been shown to eliminate infection. Unfortunately, it
is unlikely that these or other antiviral drugs will become available
to treat cases of disease, due to prohibitive cost.

Treatment of secondary and opportunistic infections suffered by
FIV positive cats is important. Specific infections should be treated
with appropriate antibiotic therapy, or, if no specific diagnosis is
possible, with a broad spectrum bacteriocidal agent. Hopper et al
(1994) also report the successful use of corticosteroids in some
pyrexic or inappetant cats. However, the long-term use of these
drugs may be deleterious due to their immunosuppressive effects.
Other symptomatic therapies should be undertaken when necessary.
It is advantageous to confine FIV positive cats, not only to prevent
the transmission of infection to other cats, but also to try to limit

their exposure to environmental organisms.

1.3.11. PREVENTION

No effective vaccine against FIV exists to date. Prevention of
lentivirus infections is difficult. This is due to the cell-associated
nature of the virus, the heterogeneity of the envelope glycoproteins

and the relatively poor immunogeneity of the relevant viral antigens
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(Hosie 1994). Since FIV infects both lymphocytes and
macrophages, vaccination would need to prevent initial entry into
these cells to enable an effective immune response to be mounted. It
has been shown that maternally derived antibodies have been
insufficient to protect new-born kittens from picking up infection
from their mothers (Callanan et al 1991, Wasmoen et al 1992, Pu et
al 1995). 1t is likely, therefore that a cell-mediated immune response
would be required from an efficient lentivirus vaccine, as well as a
strong neutralising antibody response.

Inactivated infected cell vaccines and inactivated virus vaccines
have both been shown to provide protection in the experimental
situation (Yamamoto er al 1991, 1993). These vaccines were found
to induce strong antibody responses both to envelope glycoproteins,
and also to core proteins. The nature of the mechanism of protection
in these studies remains to be clarified. It has been demonstrated in
SIV vaccine studies that immune responses may be directed at cell
lines used to grow vaccine in, rather than to the virus itself (Hosie
1994). Investigations conducted in FIV have demonstrated that
vaccines developed in the FL4 cell line are more successful than
those grown in other cells. Whether this is due to immune response
directed at the cell antigens or whether the virus grown in this
system is antigenically superior is not known. Protection against
variant strains of virus is another problem which has yet to be fully

addressed.

1.3.12. MANAGEMENT AND CONTROL
In the absence of an effective FIV vaccine, the best way to prevent
infection is to avoid contact with infected animals. This may involve

confining a cat indoors, or to a restricted area outdoors. If this is not



possible, it is better to have the cat neutered, as this reduces the
likelihood of fighting and roaming, especially in males.

In the event of a pet cat being diagnosed as virus positive, it is
recommended that it should be isolated from all other cats. If other
cats are present in the household they should ideally be kept
separately. If contact is unavoidable then the risk of transmission
exists, although the risk is likely to be small provided the cats do not
fight.

Infected queens should not be bred from, as there is a risk of
transmission to offspring. Infected toms should not be bred from
although there is no risk of sexual transmission.

Euthanasia is usually advised only when the cat becomes severely ill

in the latter stages of disease.

1.3.13. PROGNOSIS

The prognosis given for infected cats must be guarded, given that
infection is lifelong. It is not usually possible to pinpoint the time of
infection, and the incubation period is most often prolonged.
Attempt should be made to stage the illness (Ishida et al 1990), and
cats showing signs of immunodeficiency be given a poorer outlook
compared with those in the asymptomatic stage. Mortality rates for
cats in the clinical stage of disease have varied, with estimates of 12
month mortality rates of 15% (Ishida ez al 1989) to 45% (Hopper et
al 1989). It is therefore difficult to estimate survival times for
individual cases. Euthanasia on humane grounds is usually

necessary in the final stages.
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1.4. HUMAN IMMUNODEFICIENCY VIRUS (HIV)

1.4.1. GENERAL OVERVIEW

HIV was first isolated as the aetiological agent of the acquired
immunodeficiency syndrome (AIDS) in 1983 (Barre-Sinoussi et al
1983, Gallo et al 1884). It is a lentivirus, and as such, demonstrates
many of the characteristics common to the family.

Two subtypes of HIV have been identified; HIV-1, the more
widespread of the two, and the quite distinct HIV-2, which was
predominantly restricted to West Africa. The major biological and
genetic features are essentially similar.

Wong-Staal (1990) reviewed the properties of HIV. The virus has a
single-stranded RNA genome contained in a dense protein core and
surrounded by a lipid envelope.

HIV replicates in the same way as other lentiviruses, although its
entry into cells appears to be by a different method to other
retroviruses, in that it is not by receptor-mediated endocytosis. The
cellular receptor to HIV has been identified as the CD4 molecule.
This receptor is expressed mainly on T-helper lymphocytes and
cells of the monocyte/macrophage lineage, hence the viral tropism
for these cell lines. HIV also enters cells which do not express the
CD4 molecule, for example endothelial cells. The mechanism of
entry is not known.

Many variant types of the HIV genome have been isolated, with the
envelope genes being the most commonly altered. This causes

considerable difficulties in the design of potential vaccines.
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1.4.2. PATHOGENESIS AND CLINICAL FEATURES

HIV, in common with other lentiviruses, has a narrow host range,
being confined mainly to human cells, although infection of
chimpanzees is possible. Hirsch & Curran (1990) have reviewed the
major biological properties of HIV.

Transmission is by sex, blood or blood products and perinatally.
Needles shared by intravenous drug users are also important in the
passage of virus. HIV can be transmitted across the placenta, but
there is also evidence for transmission during birth and through
breast feeding.

Following infection, HIV is disseminated to target organs in blood.
Both the humoral and cell-mediated arms of the immune response
are activated in response to infection. Most infected subjects
produce neutralising antibody, which is directed mainly at envelope
glycoproteins. It is not clear whether levels of antibody drop in
correlation with disease progression, as investigations have
produced variable results. An antibody-dependent cell-mediated
cytotoxic response (ADCC) is mounted, which is also
predominantly directed against env proteins. There is a drop in titre
of these antibodies associated with disease progression. Cytotoxic
T-lymphocytes act against a wider range of viral products, produced

by the pol and gag genes, as well as env.

1.4.3. PROGRESSION OF INFECTION

The incubation period following infection with HIV is prolonged,
averaging 7-8 years in adults (range 1-12) but is much less in
perinatally infected infants. Progression is divided into 4 main

stages, according to clinical and laboratory findings as follows:
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a] Stage 1 - this is the acute phase, sometimes seen soon after
infection. Often this is asymptomatic, but some patients suffer a
self-limiting illness resembling a mononucleosis or flu-like
syndrome. It may be seen from a few days to 3 months after
infection. Haematologically there is leukopaenia, lymphopaenia,
relative monocytosis and thrombocytopaenia. There are raised
numbers of CD8 positive lymphocytes, and abnormal forms may be
seen on smears. Recovery takes place in 1-2 weeks.

b] Stage 2 - the so-called asymptomatic phase, which may last for 7-
9 years. Clinically the infected subject is normal, but laboratory
tests eventually demonstrate a gradual depletion in CD4 positive
cells in peripheral blood. The numbers of these cells serve as a
prognostic indicator.

c] Stage 3 - persistent generalised lymphadenopathy (PGL). This is
not always seen in HIV infection, but sometimes occurs towards the
end of the asymptomatic phase. It is not an accurate indicator of
progression, but changes in the nature of the lymph node pathology
can provide useful indications.

d] Stage 4 - AIDS-related complex (ARC) and AIDS. The factors
which contribute to the progression of disease to this clinical stage
are not well defined. The role of other infectious agents and genetic
predispositions remain to be clarified. It may occur simply as a
result of CD4 cell numbers dropping below a critical level. An
infected subject displaying two or more relevant clinical symptoms
and two or more significant laboratory abnormalities is classified as
suffering from ARC. This is the final stage before full-blown AIDS.
AIDS patients suffer from a huge variety of chronic and
opportunistic infections. These commonly include infections and

syndromes which are peculiar to immunologically-compromised
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patients such as Pneumocystis carnii pneumonia and Kaposi's
sarcoma. Symptoms are therefore wide-ranging, depending on the

type of infection.

1.4.4. HAEMATOLOGICAL CHANGES

1.4.4.1. CYTOPAENIAS |

Haematologically, most AIDS patients suffer from anaemia.
Thrombocytopaenia is also common, and lymphopaenia occurs as a
result of direct viral lysis (Ho et al 1995, Wei et al 1995).
Cytopaenias of any of the blood cell lineages can occur in any
combination, complicating both the clinical picture and the approach
to therapy. Lupus-like anticoagulants have also been isolated
(Cohen et al 1986).

Doweiko (1993) reviewed the cytopaenias in HIV infection.
Anaemia is the most common cytopaenia, increasing in severity
with progression of disease, up to 70-80% of patients becoming
affected in the terminal stages. The aetiology of anaemia in these
patients is thought to be multifactorial, with immune mechanisms,
defective progenitor cell growth, inhibited maturation, opportunistic
infections, nutritional deficiencies, neoplasms or myelosuppressive
drugs all thought to play a role. Anaemia is usually normochromic
and normocytic, and the lack of an appropriate marrow response
suggests a failure of production or maturation (Aboulafia &
Mitsuyasu 1991).

Granulocytopaenia and/or monocytopaenia tend to be associated
with anaemia, the incidence again rising to a maximum of 75% in
AIDS patients. Abnormalities in granulocyte form may be seen,
including hypogranularity, hypersegmentation and Pelger-Huet
forms (Kaczmarski & Mufti 1993).
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Thrombocytopaenia occurs at all stages and independently of other
deficiencies in late stage disease. Thrombocytopaenic patients show
no signs of disease in many cases, but may present with symptoms
similar to those of people suffering from immune-mediated

thrombotic disease (Aboulafia & Mitsuyasu 1991).

1.4.4.2. HIV PATHOGENESIS OF CYTOPAENIAS

The multiplicity of haematological abnormalities seen in HIV are
multifactorial in aetiology. Although the presence of autoantibodies
and repeated infections suggest peripheral destruction or
consumption of cells as contributory factors, most evidence points
toward inefficient haemopoiesis as the primary cause of low
circulating cell numbers. By the terminal stages of disease, when the
cytopaenias are most severe and most common, a number of
complicating factors exist which compromise bone marrow function.
These patients are often on anti-viral and anti-bacterial drugs, many
of which are myelosuppressive in their own right e.g. Zidovudine
(AZT) (Scadden 1989, Calenda & Chermann 1992a, Doweiko
1993, Kaczmarski & Mufti 1993). Marrow infiltration by
opportunistic organisms is not uncommon, infection with agents
such as cytomegalovirus and Mycobacterium avium intracellularae
complex often result in disseminated infection with marrow
involvement. Fungal infections are also found in marrow, resulting
in suppression of marrow function (Scadden 1989, Calenda &
Chermann 1992, Doweiko 1993, Kaczmarski & Mufti 1993).
Neoplasms such as B-cell lymphomas have an increased incidence
in AIDS patients, again, these tend to be aggressive and

disseminated. Kaposi's sarcoma is also seen in marrow in some



cases (Scadden 1989, Calenda & Chermann 1992, Doweiko 1993,
Kaczmarski & Mufti 1993).

Nutritional deficiencies in the terminal stages are thought to be
significant, for example in some cases there is evidence of vitamin
B12 malabsorption, with resultant effects on erythropoiesis
(Aboulafia & Mitsuyasu 1991). "
The effects of HIV itself on haemopoiesis are controversial, with
conflicting experimental evidence for and against direct infection of
marrow stem cells by the virus. Explanations such as infection of
stromal cells; altered cytokine production by infected lymphocytes
and monocyte/macrophages; antibody mediated suppression .of
progenitor cells or production of inhibitory factors by infected
accessory cells all have some experimental evidence to support
them.

A number of authors have reported reduced numbers of colony
forming cells (CFU-GM, BFU-E, CFU-E, CFU-GEMM and CFU-
Meg) in HIV positive patients compared to controls (Leiderman ez
al 1987, Steinberg et al 1991, Calenda and Chermann 1992,
Louache et al 1992, Potts et al 1992, Zauli et al 1992a, 1992b,
1992c¢, De Luca et al 1993, Re et al 1993). This is true of in vitro or
in vivo infection, although the degree of suppression varied
according to levels of infection and stage of patient disease
respectively. Most authors have failed to find evidence of latent or
active infection of CD34+ precursor cells by PCR, or found
infection at very low levels (Davis et al 1991, Louache et al 1992,
Zauli et al 1992a, 1992b, 1992d, De Luca et al 1993). However,
Folks et al (1988) reported in vitro infection of purified myeloid
progenitors with HIV and differentiation of these cells in culture.

Virus was expressed only after 40-60 days in culture, indicating that
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monocyte differentiation is essential for virus production. No
cytopathic effect was observed. It was not determined whether the
progenitors were infected at onset, or whether contaminating
monocytes were responsible for infecting newly differentiated cells.

Kojouharoff et al (1991) found colonies grown from purified
progenitor cells (CD34+) infected in vivo were positive for HIV
mRNA by in situ hybridisation, indicating active infection of these
cells. Steinberg et al (1991) were able to detect viral sequences in
both CD34+ cells and in T-cell depleted fractions of bone marrow
cells. Chelucci et al (1995) also found colonies grown from in vitro
infected circulating CD34+ cells were positive for HIV DNA by
PCR and HIV mRNA by RT-PCR, the extent of infection varying
with colony type and sequence of DNA searched for. Evidence of
viral infection was seen in BFU-E and CFU-GM, but not in CFU-
GEMM. This is suggests that infection is dependent on the stage of
differentiation of the progenitor cell. The infection rate of the entire
CD34+ pool may be relatively lo