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Abstract

In in vitro studies, the acyclic nucleoside phosphonate 9-(2-phosphonylmethoxypropyl)-2,6-diaminopurine
(PMPDAP) inhibited the replication of feline immunodeficiency virus (FIV). No information about its clinical efficacy
is available so far. The aim of this prospective placebo-controlled, double-blinded study was to evaluate the antiviral
efficacy of PMPDAP in cats naturally infected with FIV. Twenty cats were randomly assigned to two treatment groups
receiving either PMPDAP (25 mg/kg) or placebo twice per week subcutaneously for 6 weeks. The general health
status (Karnofsky’s score), clinical signs, laboratory, immunological, and surrogate parameters were evaluated.
No significant differences were found between PMPDAP- and placebo-treated cats, although cats treated with
PMPDAP showed a tendency for improvement in their Karnofsky’s score and clinical signs. Haematological side
effects were noted in the PMPDAP-treated cats. Thus, PMPDAP may be an option in treating cats if it becomes

available for veterinarians, but side effects have been monitored.
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Introduction

Natural infections with feline immunodeficiency virus
(FIV) are found worldwide. Recent studies report a
prevalence of 3.1-14.0% in Europe,' 2.5-6.4% in North
America,®79.8-23.2% in Asia,?1%and 0-25% in Australia.!!
Infections are persistent and clinical signs are character-
ised by their chronicity and their progressive nature.

The similarities between FIV and human immunode-
ficiency virus (HIV) reverse transcriptase (RT) lead to
a similar susceptibility of the virus to several antiviral
compounds.!? Different drugs have been tested in the
treatment of FIV infections, of which inhibitors of the
viral RT were the most efficient. The replication of
the virus is discontinued in the phase of transcription by
the integration of a modified nucleoside. The nucleoside
analogues 3’-azido-2’,3’-dideoxythymidine (zidovudine,
AZT), 9-(2-phosphonylmethoxyethyl) adenine (PMEA),
and (5)-9-(3-fluoro-2-phosphonylmethoxypropyl) ade-
nine (FPMPA) have been shown to improve the severity
of clinical signs, such as stomatitis, and the immuno-
logical status shown by an increase of the CD4/CD8

ratio. However, AZT and PMEA show toxic effects on
the bone marrow, leading to anaemia which limits their
long-term use in cats.!>!* FPMPA is less toxic, but also
less effective than PMEA.15

The nucleoside analogue (R)-9-(2-phosphonylmeth-
oxypropyl)-2,6-diaminopurine (PMPDAP) was shown
to be a potent inhibitor of FIV replication in cell culture
using different cell lines.'*!” In a preliminary study, four
cats were experimentally infected with FIV and treated
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with 20 mg/kg PMPDAP subcutaneously three times
per week for 6 weeks. The viral RNA load was reduced
in three out of the four cats during treatment. No changes
in the red blood cell counts or haemoglobin values were
observed.!® PMPDAP showed an excellent inhibition of
viral replication in vitro'® and was shown to have fewer
side effects when used long term.1%18 The present study
was designed to evaluate its clinical efficacy in a popula-
tion of cats naturally infected with FIV.

Materials and methods
Cat population
Twenty cats were included in the study that had been
presented at the Clinic of Small Animal Medicine of the
Ludwig Maximilian University of Munich in Germany.
All cats tested positive for the presence of antibodies
against FIV p24 antigen by enzyme-linked immuno-
sorbent assay (ELISA) (PetCheck Anti-FIV; Idexx,
Ludwigsburg, Germany). Each positive result was con-
firmed by Western blot. The Western blot was consid-
ered to be positive if antibodies against p15 and p24
proteins could be demonstrated.’ Only cats were
included in the study for which the owners gave their
consent for participation. For all cats, an informed con-
sent of participation was signed by the owners. This
study fulfilled the general German guidelines for pro-
spective studies requiring owner consent. The cases
were consecutive cases with FIV infection that had own-
ers willing to participate in the study. Cats in a moribund
condition or pregnant cats were excluded from the study.
Of the 20 cats included in the study, represented
breeds were Maine Coon (one cat), domestic longhair
(one cat), and domestic shorthair (18 cats). Fifteen cats
were male (10/15 neutered) and five cats were female
(3/5 neutered). The average age was 6.7 = 3.7 years.
Seventeen cats were free roaming; the others were house
indoors only.

Design of the study

The study was designed as a prospective, placebo-
controlled, double-blinded study. Cats were randomly
assigned to two treatment groups receiving either
PMPDAP (25 mg/kg) (group T) or phosphate buffered
saline (PBS) as a placebo (group P). Both substances were
given subcutaneously twice per week. The treatment
period was 6 weeks. No other medications were admin-
istered to the cats.

Examination and sample collection

Clinical examinations were performed at the beginning,
once per week thereafter, and at the end of the study
(day 0,7, 14,21, 28, 35, 42). The severity of stomatitis and
conjunctivitis, as the two most common clinical signs in
the study population, were evaluated in a score ranging
from 0 (no clinical signs) to 10 (severe clinical signs).

General health status and the quality of life were
determined using the modified Karnofsky’s score.?’ This
scoring system uses behaviour patterns such as eating,
playing, sleeping, grooming, and outdoor activities to
evaluate the degree of quality of life expressed in per-
centage ranging from 100% (cat with normal behaviour)
to 0% (death of the cat).

Blood samples were taken after each clinical examina-
tion. On day 0, 21, and 42, a urine sample was obtained
in addition. On these days, complete blood cell counts
(CBC) and serum biochemistry profiles were evaluated.
Flow cytometry was used to differentiate CD4* and
CD8* lymphocytes. Serum and urine samples taken for
the analysis of the pterins (biopterin, 7-xanthopterin)
were covered with aluminium foil immediately after
sampling and stored at -20°C until processed further.
Pterins were measured by high performance liquid chro-
matography (HPLC).

Flow cytometry for the measurement of CD4+ and
CD8+ lymphocytes

For the detection of lymphocyte subpopulations a
method described previously was used.!®

HPLC for the detection of biopterin and 7-xanthopterin
Preparation of the samples were performed as described
previously.?! The samples and a mobile phase were
pumped through a column containing a stationary phase.
The analyte retention time was depicted by a fluorescence
detector. Measurements of pyterins were performed at an
excitation of 350 and an emission of 450 nm. By comparing
the analyte retention time to standards, the compounds
and their quantity were identified. The exact performance
of the HPLC and analysis are described elsewhere.?!

Statistics

The commercially available software package SPSS
13.0.0 (SPSS, Chicago, IL, USA) was used for statistical
analysis. The Mann Whitney U test was used to detect
differences in clinical parameters between both groups
on day 0 and 42 and between day 0 and day 42 in each
group. The Student’s t-test was used for laboratory
parameter to detect differences between groups at the
beginning and the end of the treatment period. A P-value
of < 0.05 was considered statistically significant.

Results

Clinical parameters

Mean values of clinical parameters are summarised in
Table 1. No statistically significant differences were
found between both groups and within each group.
However, the Karnofsky’s score increased continuously
throughout treatment in cats treated with PMPDAP.
In cats receiving placebo, however, the score remained at
the same level throughout the study, finishing slightly



Hartmann et al

109

Table 1 Clinical, laboratory, immunological, and surrogate parameter (mean + standard deviation) determined at the
beginning and the end of the treatment period with PMPDAP. Changes on day 42 between both groups were compared
by Mann Whitney U-test for clinical parameter and by Student’s -test for laboratory parameter (P < 0.05)

lower compared to day 0 (Figure 1). Stomatitis (Figure 2)
and conjunctivitis (Figure 3) improved during treatment
in both groups, but no significant difference was
detected. Other clinical signs, such as rhinitis (three cats
in group P), bronchitis (six cats in group T and four cats
in group P), enteritis (two cats in group P), and skin
problems (three cats in group P, one cat in group P), were
present. However, these clinical signs were not common
enough to allow statistical evaluation.

Laboratory parameters

Packed cell volume (PCV) and the concentration of hae-
moglobin decreased in the cats receiving PMPDAP dur-
ing treatment (Table 1). White blood cells (WBC) and

lymphocyte counts varied between groups and days
(Table 1). Biochemistry, including electrolytes, showed
no changes during the observation period.

Immunological and surrogate parameters

In Table 1, the values of immunological and surrogate
parameters are summarised for each group at the begin-
ning and the end of the study. There were no statistically
significant differences between both groups and within
each group.

Discussion
This study tried to evaluate the clinical efficacy
of PMPDAP in the treatment of cats naturally infected
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Figure 1 Changes in the Karnofsky's score during the 6 weeks
of treatment with PMPDAP = 9-(2-phosphonylmethoxypropyl)-
2,6-diaminopurine or placebo
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Figure 2 Changes in the stomatitis score during the 6 weeks
of treatment with PMPDAP = 9-(2-phosphonylmethoxypropyl)-
2,6-diaminopurine or placebo
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Figure 3 Changes in the conjunctivitis score during the 6 weeks
of treatment with PMPDAP = 9-(2-phosphonylmethoxypropyl)-
2,6-diaminopurine or placebo

with FIV. There were, however, no significant differ-
ences found, although there was a tendency that the
Karnofsky’s score and the clinical signs stomatitis and
conjunctivitis improved in cats treated with PMPDAP.
There are possible explanations why no statistically sig-
nificant differences could be found. A limitation of the
study is the group size — it is always very difficult to
achieve a statistically significant difference with a small
number of patients in each group. Therefore, the changes
observed could become significant using a higher num-
ber of patients in each group. The number of cats in this
study was based on a study from Vahlenkamp et al,'¢ in
which a significant difference was observed using only
four, experimentally-infected cats. However, it may be
that differences are easier to assess after experimental
infection, but it seems that PMPDAP is less effective in
vivo compared with the promising results of the in vitro
studies. One reason could be that the dosage and admin-
istration intervals based on the preliminary studies may
not have been sufficient.!® A prolonged treatment period
or decreased treatment intervals could lead to better
results. Another reason could be that nucleoside ana-
logues are generally not as effective in vivo in the treat-
ment of FIV in cats compared with their efficacy against
HIV in human beings. Co-infections could also have
influenced the results. FIV-positive cats co-infected with
either feline herpesvirus or feline calicivirus develop
more severe clinical signs that are more difficult to
treat.?2-24 Results of other studies showing a better clini-
cal efficacy in FIV-infected cats may be influenced by
their effects against co-infections.’34 ANPs other than
PMPDAP were shown to be potent inhibitors of herpes-
virus infections, e.g., PMEA, while PMPDAP and FPMPA
are ineffective.?

In this study, PMPDAP showed a tendency to improve
clinical signs. A continuous improvement throughout the
weeks of treatment was observed. As with the general
health status, an improvement in the stomatitis and con-
junctivitis score was observed with PMPDAP which was
not significant; however, the results are in line with other
studies.’31526 Nevertheless, PMEA seems to be a more
potent compound in respect to its clinical efficacy than
PMPDAP, as it was possible to demonstrate a statistically
significant difference with respect to its effects on general
health status, stomatitis, and conjunctivitis using PMEA
in a similar study design over a period of 6 weeks.!?

Although, again, no significant changes were observed,
CD4+ lymphocyte counts and the CD4/CD8 ratio improved
during treatment. Relative CD8+ lymphocytes decreased,
contributing to an increase of the CD4/CDS8 ratio. Similar
results were obtained in a study evaluating PMEA and
FPMPA. The results of PMPDAP are comparable to FPMPA,
whereas PMEA led to an even better response.!

Pterines are surrogate markers for HIV-infected
patients that are used to predict the progression of the
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disease and as a control during treatment.?”?® Biopterin
and 7-xanthopterin vary naturally between individuals
and within repetitive controls in single individuals. The
makers have been evaluated in cats infected with FIV and
healthy non-infected control cats.?? Serum biopterin values
determined at the beginning of the study were within the
normal range for healthy cats. Average values during, and
at the end of, the study were also within the physiological
range of healthy cats. Serum and urine 7-xanthopterin val-
ues showed marked fluctuations within the groups and
compared with each other. Therefore, these markers do
not seem to be stable or reliable, and are subject to marked
deviation and individual differences. Thus, in cats infected
with FIV, both substances seem to be neither suitable for
predicting the progression of disease nor useful as param-
eters to control treatment.

Toxic side effects of nucleoside analogues on the
haematopoietic system are frequently reported.!31430
PMPDAP seems to be slightly less toxic compared with
other ANPs. A relatively mild decline in the packed cell
volume and haemoglobin values were noted. Average
haemoglobin values remained within the physiologi-
cal range throughout the treatment period. Therefore,
haematopoetic side effects are considered to be mild, if
PMPDAP is used in this concentration. In vitro, PMPDAP
also showed a high selectivity index and, depending on
the cell type, a higher 50% cytotoxic dosage (CD5,) com-
pared with FPMPA 1631

A limitation of the study is the small number of
patients — the study was intended to be a pilot study.
The number of patients was chosen on the basis of other
studies evaluating ANPs in naturally FIV-infected posi-
tive cats,!> as well as those in one study using PMPDAP
in experimentally-infected cats.!® In this study, no quan-
titative evaluation of the provirus and virus load was
performed. Changes in the provirus load can be seen in
patients on extended treatment regimes; however, dur-
ing a relative short treatment period of 6 weeks, no such
changes are expected.!® Virus load would be a better
option to detect changes of virus replication; however,
virus load detection can be very difficult in naturally
infected cats. In this study, the RNA polymerase chain
reaction quantitative measurement was only possible in
very few cats; therefore, this parameter could not be
evaluated. In this study, the exact aetiology of the clinical
signs was not determined. We assumed that the clinical
signs were caused by FIV-related immunosuppression.
However, we cannot exclude that the cats were immuno-
competent asymptomatic FIV-infected cats suffering
from conjunctivitis or stomatitis not related to immuno-
suppression. This is another limitation of the study.

PMPDAP showed a tendency for improvement of
clinical parameters but although hematologic side
effects, that however, were less severe than in most other
ANPs so far used in cats with FIV infections. Therefore,

further investigations with PMPDAP with respect to its
effect on retroviral infections are useful, e.g., using more
cats to reach statistical significance, increasing dosage or
decreasing treatment intervals or increasing duration of
treatment.
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