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OsiecTives: Recombinant feline interferon-o therapy is an immunomodulator currently used in the treat-

ment of different retroviral diseases including feline immune deficiency virus and feline leukaemia

virus. Although its mechanism of action remains unclear, this drug appears to potentiate the innate

response. Acute phase proteins are one of the key components of innate immunity and studies

describing their use as a monitoring tool for the immune system in animals undergoing interferon-o

therapy are lacking. This study aimed to determine whether interferon-o therapy influences acute

phase protein concentrations namely serum amyloid-A, o-1-glycoprotein and C-reactive protein.

MeTtHops: A single-arm study was performed using 16 cats, living in an animal shelter, naturally infected

with retroviruses and subjected to the interferon-o therapy licensed protocol. Samples were collected
before (DO), during (D10 and D30) and after therapy (D65). Serum amyloid-A and C-reactive protein

were measured by specific enzyme-linked immunosorbent assay kits and o-1-glycoprotein by single

radial immunodiffusion.

Resuuts: All the acute phase proteins significantly increased in cats undergoing interferon-o therapy

(DO/D65: P<0-05)

CuinicAL SiagNIFicance: Acute phase proteins appear to be reasonable predictors of innate-immune stimu-

lation and may be useful in the individual monitoring of naturally retroviral infected cats undergoing

interferon-o therapy.
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INTRODUCTION

The acute phase response (APR) is one of the main reactions
of the innate host defence system (Baumann & Gauldie 1994,
Paltrinieri 2008). It refers to a non-specific and complex phe-
nomenon that occurs in the early stages of inflammation, preced-
ing the development of the acquired immune response (Baumann
& Gauldie 1994, Ceron ez al. 2005). The APR is a consequence
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of the production and release of several cytokines, of which inter-
leukin (IL)-1, IL-6 and tumour necrosis factor (TNF)-o are the
most relevant (Martinez-Subiela ez 2/ 2001, Paltrinieri 2008).
These mediators induce various changes in the body includ-
ing fever, leucocytosis and a modulation of protein synthesis by
hepatocytes (Baumann & Gauldie 1994, Ceciliani ez a/. 2002).
Positiveacute phase proteins (APP), which increase during inflam-
mation, are believed to act as immunomodulators, contributing in
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different ways to reinforce the body’s innate defences during inflam-
mation (Petersen et al. 2004, Eckersall & Bell 2010). The most rel-
evant and well described positive APPs in cats are ot-1-glycoprotein
(AGP) and serum amyloid-A (SAA) (Petersen et al. 2004, Ceron
et al. 2005, Paltrinieri 2008, Eckersall & Bell 2010).

AGP is believed to act as an immunomodulator and anti-
inflammatory protein because it down-regulates the neutrophilic
response secondary to inflammation, stimulates the production
of IL-1R antagonists by macrophages, reduces platelet aggrega-
tion and lymphoid proliferation and modulates the production
of anti-inflammatory cytokines by the circulating lymphocytes
(Hochepied ez al. 2003). Its increase in different cat infectious
diseases has been described (Duthie ez 2/ 1997, Paltrinieri et al.
2004, Paltrinieri et al. 2007a,b). In retroviral infected cats, while
a previous study reported its increase (Duthie ez a/. 1997), a more
recent one found that FIV positive cats have lower concentra-
tions of AGP than healthy ones (Korman ez a/. 2012).

SAA is a small protein that appears to be the precursor of amy-
loid protein A, a major protein of oi-amyloid which is potentially
involved in a variety of chronic inflammatory diseases (Uhlar
& Whitehead 1999). Among its major functions, SAA acts as a
scavenger of oxidised metabolites, protecting tissues from exces-
sive damage induced by inflammation (He ez /. 2006). As with
AG?D, its measurement has been reported in different feline dis-
eases (Kajikawa er al. 1999, Sasaki ez al. 2001, 2003, Giordano
et al. 2004, Tamamoto ez /. 2008, 2009).

C-reactive protein (CRP) was the first APP described and it
is considered to be a major protein in different species such as
humans and dogs (Ceron ¢t al. 2005, Schultz & Arnold 1990).
Among the major functions in the immune system, CRP is
involved in the activation of the classical complement pathway,
the enhancement of phagocytosis or even the modulation of
polymorphonuclear cells (Schultz & Arnold 1990). Because CRP
does not appear to be involved in the feline acute phase reac-
tion, it has not been very well studied or documented in the cat
(Ceron et al. 2005). In human medicine, several studies describe
its increase in human immunodeficiency virus (HIV) positive
patients (Jahoor er al. 1999, Treitinger et al. 2001), even after
immunomodulation therapy with exogenous IL-2 (Barbai ez 4/.
2010). Despite the similarity between HIV and FIV (Hosie ez al.
2009, Hartmann 2011), the CRP behaviour in FIV positive cats
undergoing immunomodulating therapy remains unknown.

Recombinant feline interferon-o (rFelFN-) therapy (Virba-
gen, Virbac) is an immunomodulating drug that plays an impor-
tant role in the therapeutic approach for various feline diseases
including cat retrovirus infections (Collado ez 2/ 2006). There
are only a few studies describing the clinical improvement of ret-
roviral infected cats with rFelFN- therapy (de Mari ez al. 2004,
Domenech et al. 2011, Gil et al. 2013) and little is known about
the immunological bases that support these findings. Because
of reported clinical improvement, increased survival time and
reduction of concurrent viral excretion, rFelFN-@ appears to be
involved in the innate response (de Mari ez al. 2004, Domenech
et al. 2011, Gil et al. 2013).

Studies that describe the use of APPs as a clinical monitoring
tool for the immune system in animals undergoing IFN-therapy

are scarce. Therefore, the main objective of this study was to
determine whether rFelFN- therapy influences APPs (namely
SAA, AGP and CRP) in naturally retroviral infected cats and
whether these parameters may be good predictors of innate-
immune stimulation.

MATERIALS AND METHODS

Animals

Sixteen naturally retroviral infected cats living in an animal shel-
ter (Unido Zodfila, Lisbon) were selected for the study. All the
cats were accustomed to the shelter environment having lived
there for at least 8 weeks before the start of the protocol. In
accordance with previous studies (de Mari ez al. 2004; Gil et al.
2013), the inclusion criteria included the following: (1) cats of
any age, breed or sex (heterogeneous population), (2) cats that
showed at least one clinical sign potentially related to retroviral
infections, (3) cats that had previously shown a positive rapid
immunomigration FIV and/or FeLV test result. Exclusion cri-
teria were (1) cats with any type of malignancy/neoplasia (such
as lymphoma or lymphoid leukaemia), (2) cats having received
immunomodulating drugs (such as corticosteroids) during the
4 weeks before the study, (3) cats having received antibiotics or
non-steroidal anti-inflammatory drugs during the 2 weeks before
the study and (4) cats that did not complete the therapeutic pro-
tocol. Initially, all cats were retested to confirm their FIV/FeLV
infections by using commercially available enzyme-linked immu-
noabsorbent assays (ELISA) (ViraCHEK/FIV and ViraCHEK/
FeLlV, Synbiotics).

Animals were housed in two different catteries, according to
their FIV or FellV status. Animals concurrently infected with
FIV and FeLV were housed in the FeLV cattery. All the cats in
each cattery were treated and during the study, no incoming ani-
mals were allowed. For the purposes of analysis, cats were divided
into three different groups according to their retroviral status:
FIV positive cats (n=7), FeLV positive cats (n=6) and co-infected
animals (n=3).

The cats were living in good conditions, in agreement with
current ethical and FEuropean welfare standards. All the proce-
dures involving the manipulation of these animals were con-
sented and approved not only by the Local Committee for Ethics
and Animal Welfare (CEBEA-Faculty of Veterinary Medicine/
Technical University of Lisbon) but also by the clinical director
of the animal shelter.

Treatment protocol
On the basis of the assumptions derived from two previously
published double arm trials with rFelFN- (de Mari ez 2. 2004,
Domenech et al. 2011), a single-arm study was performed. In
this study model, a time point before therapy is considered to
be the animal’s own control. In this study, assessments before
therapy were designated as DO and considered representative of
the stage of each animal before treatment.

All the animals were treated with rFelFN-, according to the
licensed protocol (three cycles of injections at Day (D) 0, D14
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and D60. Each treatment cycle consists of five subcutaneous
(sc) injections: 1 p/kg once a day for 5 days). Vials of rFelFN-o
(Virbagen Omega; Virbac) were reconstituted with the accompa-
nying saline diluent according to the manufacturer’s recommen-
dations immediately before each treatment.

Treatment was administered by two veterinary clinicians
from the research team of the project where this study was
conducted.

Supportive treatment

Despite the exclusion criteria applied, some animals needed
supportive treatment during therapy. Consequently, potenti-
ated amoxycillin, hepatic protectants (ursodeoxycholic acid,
sylimarin or S-adenylmethionine) and/or fluid therapy were
allowed. Although any antibiotic may have direct immunomod-
ulator effects, potentiated amoxycillin was allowed taking into
account its empirical use and frequent administration in retrovi-
rus infected cats with suspected bacterial infections. Antibiotics
(other than potentiated amoxycillin), corticosteroids and non-
steroidal anti-inflammatory drugs were not permitted to avoid
any possible immunomodulation effects.

Blood collection and analysis

Blood samples were collected by venipuncture of the jugular vein
at four specific time points namely: before (DO0), during (D10
and D30) and after therapy (D65).

To allow a better evaluation and simpler blood sample collec-
tions, cats were subjected to mild sedation with 0-2 to 0-5 mg/kg
butorphanol solution sc (Dolorex, Intervet Portugal).

Serum samples were collected after clotting of the sample had
occurred by centrifugation (5000g, 10 minutes), and were subse-
quently frozen at -20°C until analysed.

SAA and CRP were measured by specific ELISA kits (Phase
SAA Muldspecies/Tridelta and Cat CRP ELISA/Kamiya Bio-
medical Company, respectively). AGP was determined by single
radial immunodiffusion (Feline AGP, SRID, Tridelta).

All the measurements were performed according the manufac-
turer’s instructions.
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Statistical analysis

Statistical evaluation was performed using R Statistical Software.
Because of the small sample size, nonparametric statistical tests
were used. Kruskall-Wallis Tests were applied to assess differ-
ences among groups at each time point. When differences were
observed, a pairwise comparison was applied. To assess group
variations during time, a Friedman Rank Sum Test was used. The
nonparametric tests applied took into account not only the mag-
nitude but also the predominant “sign” (positive or negative) of
the effect. Significance was set at P<0-05.

RESULTS

All 16 cats completed the licensed therapeutic protocol. No
statistical differences between groups were observed apart from
CRP on D65 and AGP on D30.

For SAA, groups were similar at all time points and all the cats
behaved similarly. Therefore, for analysis over time, the groups
were all considered together. Global results are presented in
Fig 1. A significant increase of SAA concentration was observed
(P=0-0005; increased SAA in 15 animals and decreased SAA in
1). On D65, mean SAA concentration was 1-6 times higher than
DO. All values remained below the upper limit of the reference
interval (RI) of 10 pg/mL.

For AGD, the three groups were also similar at all time points,
apart from D30 (P=0-016), where co-infected and FelV cats
showed higher mean values than FIV cats (FIV versus co-infected:
P=0-029; FIV wversus FelV: P=0-067; FelV wversus co-infected:
P=0-12) (Fig 2). There was a significant overall increase (1.7
times) of AGP concentrations (P=0.012; AGP increased in 13
cats and decreased in 3) from DO to D65. Basal values were
within the RI (260 to 580 pg/mL). During therapy, mean values
of FeLV and co-infected cats exceeded the upper limit of the RI
while for FIV, all the results remained within the RI.

For CRP, the three groups were statistically indistinguishable
during the study apart from D65 (P=0-019), where there was a
statistically significant difference. At this time point, co-infected
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FIG 1. Mean tstandard error (se) of serum concentrations of serum amyloid-A (SAA) in naturally retroviral infected cats, before (DO) during (D10 and
D30) and after (D65) rFelFNw therapy. The reference interval is less than 10 pg/mL. The observed increase was statistically significant (Friedman

test DO versus D65 P=0-0005)
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FIG 2. Mean tstandard error (se) serum concentrations of o-glycoprotein-1 (AGP) in naturally retroviral infected cats, before (DO) during (D10 and
D30) and after (D65) rFelFNw therapy. The horizontal line represents the upper limit of the reference interval (260 to 580 pg/mL). The observed
increase was statistically significant (Friedman test DO versus D65 P=0-012). Groups are statistically similar except at D30 (*). Kruskall-Wallis
P=0-016; Pairwise comparison: FIV versus co-infected: P=0-029; FIV versus FelLV: P=0-067; FelV versus co-infected: P=0-12
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FIG 3. Mean *standard error (se) of serum concentrations of c-reactive protein (CRP) in naturally retroviral infected cats, before (DO) during (D10
and D30) and after (D65) rFelFNw therapy. The horizontal line represents the upper limit of the reference interval (38 to 186 pg/mL). The observed
increase was statistically significant (Friedman test DO versus D65 P=0-0001). Groups are similar except at D65 (*). Kruskall-Wallis P=0-019;
Pairwise comparison: FIV versus co-infected: P=0-009; FIV versus FelLV: P=0-052; FelV versus co-infected: P=0-36

and FeLV cats had higher CRP concentrations than FIV cats (FIV
versus co-infected: P=0-009; FIV versus FeLV: P=0-052; FelV ver-
sus co-infected: P=0-36). Results of CRP values are presented in
Fig 3. From DO to D65 there was an increase in CRP concentra-
tions in all the cats (P=0-0001; increased CRP in 16 cats). This
increase was approximately 1.8 times the baseline value. Values
on D30 and D65 were above the upper limit of the RI (38 to 186
pg/mL) for FIV, FellV and co-infected cats,

Only one cat of the FeLV group (cat 9) received supportive
therapy at D65, namely intravenous fluids, because of suspected
otitis/vestibular syndrome and mild-dehydration. This fact was
considered as a co-morbidity factor and was included in the
clinical-evaluation and considered in the clinical score. This ani-
mal also received potentiated amoxycilin but after the end of the
study. The APP profile of this cat was similar to the wider group.

Data related to clinical signs and concurrent viral loads (namely
calicivirus, herpesvirus, coronavirus and parvovirus) in these cats
over the same time period have been previously reported (Gil
et al. 2013). Herpesvirus and coronavirus viral load were assessed

by real-time polymerase chain reaction (PCR), while calicivirus
and parvovirus status were determined by conventional-PCR (Gil
et al. 2013). These results are summarised in Table 1, which also
includes the detailed APP results. Clinical signs improved and
concurrent viral excretion decreased in the majority of the cats.
Only two cats increased coronovirus excretion but they remained
asymptomatic. All the cats that were positive for calicivirus and
a single cat that was excreting parvovirus became negative at the
end of the study meaning an overall significant decrease of con-
current viral infections. Simultaneously, the majority of cats had
increased APP concentrations.

DISCUSSION

This study describes the changes observed in serum concentra-
tions of three different APPs in 16 cats naturally infected with
retroviruses and undergoing rFelFN-o therapy. A single-arm
study was considered and performed as this is likely to be the

42 Journal of Small Animal Practice + Vol 55 « January 2014 + © 2013 British Small Animal Veterinary Association



APPs and rFelFN-0 therapy

Table 1. Individual variation of clinical scores, concurrent viral excretion and acute phase proteins in FIV, FelLV and FIV/

FelV cats treated with rFelFN-o

Cats FIV/FeLV Clinical scores (DO Concurrent viral excretion (individual tendency DO Acute phase proteins (individual tendency
status versus D65) versus D65) DO versus D65)
Calicivirus Herpesvirus  Coronavirus  Parvovirus SAA AGP CRP

1 FIV l BN l { - T T T

2 FIV - - 4 - - T T )

8 FIV J — 1 1 _ 1 1 1

4 FIV 4 BN * ) - ) T T

5 FIV 4 - 4 - - ) ) )

6 FIV 4 BN - 4 - { T )

7 FIV = BN - 4 - ) 4 T

8 FelV = BN 4 4 - ) T )

9 FelV = BN 4 * - ) T )

10 FelV 4 BN & ) - T T T

11 FeLV 4 BN * * - ) 0 )

12 FelV - BN 4 4 - ) & )

13 FelV 4 BN 4 4 - T 4 )

14 FIV/FeLV 4 BN - 4 - ) T )

15 FIV/FelV - BN 4 * - ) T )

16 FIV/FelV 4 BN 4 [} BN T T T
Comparing DO (before) to D65 (end of the therapy): (1) refers to a decrease of the parameter; (T) refers to an increase of the parameter; (—) refers to a stable parameter; (-) refers to nega-

tive samples; (*) refers to intermittent excretion during therapy, despite a negative result at DO and D65. (BN) refers to animals that were positive at DO and became negative during therapy.
Regarding Clinical Scores, a reduction of the parameter refers to a clinical improvement. FIV feline immunodeficiency virus, FelV feline leukemia virus, rFelFN-w Recombinant feline interferon-o

most reliable approach when studying naturally infected animals,
for which time of infection and sub-types of the virus are uncer-
tain. In this study, rFelFN-® was used according to a licensed
protocol, approved for veterinary use in feline retrovirus infec-
tions. Although only a few studies have been published, clinical
improvement of cats undergoing rFelFN® therapy has been well
documented in double arm trials (de Mari ez 2/. 2004, Domenech
et al. 2011). This study provides further information regarding
parameters complementary to the main clinical signs and con-
current viral excretion data previously published (Gil ez /. 2013),
clarifying the pathophysiological phenomena behind immune
stimulation.

As several authors have suggested (Ceron ez a/. 2005) the con-
centration of APPs may be within the RI even in animals with
disease. As such measurement of these parameters for monitoring
inflammation stimulus is not without difficulty. Using each indi-
vidual animal as its own reference was considered to be a practi-
cal and reasonable approach to bypass this problem (Ceron et 4.
2005). Therefore, as in previous human studies that evaluated
APPs (Wasunna et al. 1995, Barbai ef /. 2010), animals acted as
their own controls and the time point before therapy (D0) was
considered the baseline value for each cat. Subsequently, it was
possible to study the individual trends during therapy.

Although there is no consensus on upper and lower limit
values for the measured APDs, the suggested ranges for each
kit were used. Particularly for AGP and CRP, cats had higher
mean values than the upper limit at some time points. How-
ever, previous studies describe higher values in healthy cats
(Kajikawa er al. 1999, Selting et al. 2000), which if adapted
would expand the recommended RI. Only the comparison
between individual values before (D0), during and after ther-
apy (D65) with particular relevance to differences between DO
and D65 were considered relevant for the study, whether or
not they were above the RI.

Journal of Small Animal Practice + Vol 55 « January 2014 + © 2013 British Small Animal Veterinary Association

For concentrations of SAA and AGP, the three groups studied
(FIV, FeLlV and co-infected animals) behaved similarly, demon-
strating increased values during rFelFN- therapy. Groups were
not statistically different with the exception of AGP on D30.
This particular variation is secondary to the fact that the FIV
group demonstrated lower AGP values compared to FeLV and
co-infected cats. Despite the low number of animals a possible
explanation may be sub-clinical diseases leading to a particular
alteration at this time point. However, considering that the statis-
tical difference was only evident at this particular time point, this
finding was not considered biologically significant. According to
previous studies which reported that AGP and SAA are good pre-
dictors of immunomodulation (Kajikawa ez 2. 1999, Hochepied
et al. 2003), these results support the hypothesis that rFelFN-m
therapy may modulate pro-inflammatory innate mechanisms.
These APPs may be a useful monitoring tool for demonstrating
modulation of the innate-immune response.

For CRP, with the exception of D65 the three groups of cats
were also similar throughout the study. The particular variation
at D65 was due to the fact that FeLV and co-infected cats had
higher values than FIV cats. As for AGP at D30, this may have
been due to various causes such as sub-clinical uncontrolled
infections in the shelter or even a natural progression of retroviral
disease. From the beginning (D0) until the end of the treatment
(D65) a significant increase of CRP concentrations was noted.
Although CRP has not been considered as a useful biomarker
of inflammation in cats, this study shows that this APP behaves
similarly to SAA and AGP. Therefore, in contrast with previous
studies, CRP may also have value as a biomarker of feline inflam-
mation, being increased in a similar magnitude to the other APPs
measured.

A recent study described the evolution of different APDs,
namely SAA and AGP, in FIV and non-FIV cats following Myco-
plasma haemofelis and Candidatus Mycoplasma Haemominutum
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infections (Korman ez al 2012). This study revealed that
pre-existing FIV infection did not significantly affect the APR to
mycoplasma. Despite remaining within the RI, FIV positive cats
demonstrated lower concentrations of AGP than non-FIV cats.
This contrasted with previous studies suggesting that AGP was
increased in FIV cats (Duthie ez @/ 1997). Taking all these into
account, it seems reasonable to consider that FIV cats are able to
develop an efficient acute phase, which may lead to a rise of APPs.
Regarding the more conventional assessments of the immune
system in retroviral infected cats, a previous study concluded that
the hyperglobulinaemia commonly observed in FIV cats may be
due to hyperactivation of B-cells which is more evident when
the disease progresses (Gleich & Hartmann 2009). In contrast,
and due to a progressive defect of helper T-cells, FeLV cats do
not usually present with hyperglobulinaemia being more prone
to have severe cytopenias (Gleich & Hartmann 2009). According
to this study, the increase of APPs was similar in FIV and FelV,
suggesting that the innate-immune stimulation must have the
same basis in these two groups. No studies were performed to
correlate y-globulins with APPs in retroviral infected cats, and
whether rFelFN-o interferes with serum protein electrophoresis
profiles remains unclear.

It has been previously demonstrated that rFelFN® results in
an overall clinical improvement not only of FIV but also FeLV
and co-infected cats (Gil ez /. 2013). Clinical signs, evaluated
by a score-scale, decreased in the three groups (FIV, FellV and
co-infected) meaning an overall improvement of symptomatic
cats. In total, 10 of 16 improved their clinical signs while 6 of
16 remained stable. Furthermore, a significant decrease in excre-
tion of other viruses was also observed concomitantly (Gil ez 4/.
2013). Correlating the APP profile with these previous results,
it was observed that APP concentrations increased in cats with
concurrently improved clinical signs and reduced viral excretion.
This finding was consistent even in cats with low clinical scores
and in those where scores remained stable with therapy. Recog-
nising that APPs may be increased in different situations such as
chronic infections and severe inflammation (Ceron ez al. 2005,
Paltrinieri 2008), this concurrent clinical improvement and
the decrease in the loads of other viruses reinforce and sustain
the hypothesis that rFelFN- therapy potentiates the immune
response and may involve a beneficial APP increase in treated
animals.

In conclusion, all the measured APPs significantly increased,
revealing a potential innate-immune response in naturally
infected cats during rFelFN-@ therapy. In humans, it has been
described that the administration of IL-2 in HIV patients induced
an increase of CRE, which was positively correlated to an increase
of CD4+ cell count (Barbai ez a/. 2010). These findings reported
a possible involvement of CRP in the IL2-induced immune
stimulation (Barbai ez /. 2010). Conversely, it was previously
described that CD4/CD8 ratios do not change in cats under
rFelFN-® (Domenech et 2/ 2011). Therefore, the true mecha-
nism by which rFelFN-@ induces an increase in APP remains
unclear. To further characterise the immune response during
rFelFN- therapy, further studies are required to correlate these
findings with other parameters such as the cytokine profile. For

now, the results of this study suggest that APPs may be promising
predictors of innate-immune stimulation in naturally retroviral
infected cats undergoing rFelFN-@ therapy. In the future, they
could be combined together in an APP-panel that may help with
the individual monitoring and assessment of rFelFN- therapy.
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