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ABSTRACT

Feline immunodeficiency virus (FIV) and feline leukemia virus (FeLV) are among the most important feline in-
fectious diseases worldwide.

This retrospective study investigated survival times and effects of selected predictor factors on survival time
in a population of owned pet cats in Northern Italy testing positive for the presence of FIV antibodies and FeLV
antigen.

One hundred and three retrovirus-seropositive cats, 53 FIV-seropositive cats, 40 FeLV-seropositive cats, and
10 FIV + FeLV-seropositive cats were included in the study. A population of 103 retrovirus-seronegative age and
sex-matched cats was selected. Survival time was calculated and compared between retrovirus-seronegative, FIV,
FeLV and FIV + FeLV-seropositive cats using Kaplan-Meier survival analysis. Cox proportional-hazards regression
analysis was used to study the effect of selected predictor factors (male gender, peripheral blood cytopenia as
reduced red blood cells — RBC- count, leukopenia, neutropenia and lymphopenia, hypercreatininemia and re-
duced albumin to globulin ratio) on survival time in retrovirus-seropositive populations.

Median survival times for seronegative cats, FIV, FeLV and FIV + FeLV-seropositive cats were 3960, 2040, 714
and 77 days, respectively. Compared to retrovirus-seronegative cats median survival time was significantly lower
(P < 0.000) in FeLV and FIV + FeLV-seropositive cats. Median survival time in FeLV and FIV + FeLV-seroposi-
tive cats was also significant lower (P < 0.000) when compared to FIV-seropositive cats. Hazard ratio of death in
FeLV and FIV +FeLV-seropositive cats being respectively 3.4 and 7.4 times higher, in comparison to seronegative
cats and 2.3 and 4.8 times higher in FeLV and FIV + FeLV-seropositive cats as compared to FIV-seropositive cats.

A Cox proportional-hazards regression analysis showed that FIV and FeLV-seropositive cats with reduced RBC
counts at time of diagnosis of seropositivity had significantly shorter survival times when compared to FIV and
FeLV-seropositive cats with normal RBC counts at diagnosis.

In summary, FIV-seropositive status did not significantly affect longevity of cats in this study, unlike FeLV and
FIV + FeLV-seropositivity. Reduced RBC counts at time of FIV and FeLV diagnosis could impact negatively on the
longevity of seropositive cats and therefore blood counts should always be evaluated at diagnosis and follow-up
of retrovirus-seropositive cats.

1. Introduction

Clinical signs are most often a reflection of opportunistic infections, neo-
plasia and/or myelosuppression. However, in most naturally infected
cats, FIV does not cause a severe clinical syndrome; with appropriate

The two feline retroviruses, feline immunodeficiency virus (FIV) and
feline leukemia virus (FeLV), are global and widespread, but differ in
their potential to cause disease.

FIV, a retrovirus of the genus Lentivirus, can cause an acquired im-
mune deficiency syndrome, which predisposes cats to other infections.
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care, FIV-infected cats can live many years before succumbing to condi-
tions unrelated to their FIV infection. Thus, overall survival time is not
necessarily shorter than in uninfected cats, and quality of life is usually
high over many years or lifelong (Addie et al., 2000; Hofmann-Lehmann
et al., 1997; Levy et al., 2008).
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FeLV, a y-retrovirus member of the Oncornavirus subfamily of retro-
viruses, is more pathogenic than FIV. Progressive FeLV infection can
cause tumors, bone marrow suppression and immunosuppression, as
well as neurological and other disorders, resulting in decreased life ex-
pectancy (Lutz et al., 2009). In contrast to FIV, persistent FeLV infection
has a much greater effect on life expectancy of infected cats (Addie et
al., 2000; Hofmann-Lehmann et al., 1997). However, with appropriate
care, many FeLV-infected cats can also live for several years after di-
agnosis with a good quality of life (Helfer-Hungerbuehler et al., 2015;
Hofmann-Lehmann et al., 1995; Levy et al., 2008).

Many studies have explored the risk factors for seropositivity and
clinic-pathological features for retrovirus infected cats. Amongst these
risk factors and features, male sex (Arjona et al., 2000; Burling et al.,
2017; Chhetri et al., 2015; Garigliany et al., 2016; Gates et al., 2017;
Gleich et al., 2009a,b; Levy et al., 2006; Liem et al., 2013; Murray
et al.,, 2009; Peri et al., 1994; Ravi et al., 2010; Spada et al., 2012;
Westman et al., 2016) and peripheral blood cytopenias such as anemia,
leukopenia with neutropenia and lymphopenia are a common and well
documented findings for both FIV and FeLV infections (Ackley et al.,
1990; Arjona et al., 2000; Fujino et al., 2009; Gleich and Hartmann,
2009; Hofmann-Lehmann et al., 1997; Kohmoto et al., 1998; Shelton et
al., 1995; Spada et al., 2012; Sparkes et al., 1993). In addition FIV-in-
fected cats can develop an excessive immune response leading to hy-
pergammaglobulinemia, reduced albumin to globulin ratio (A/G) and
hyperproteinemia (Gleich and Hartmann, 2009; Hofmann-Lehmann et
al., 1997; Liem et al., 2013; Mird et al., 2007) which reflects polyclonal
B-cell stimulation (Ackley et al., 1990; Flynn et al., 1994; Gleich and
Hartmann, 2009; Shelton et al., 1995; Sparkes et al., 1993). Finally re-
nal involvement can occur in a proportion of naturally and experimen-
tally FIV-infected cats (Baxter et al., 2012; Poli et al., 2012).

A limited number of studies have reported survival times for retro-
virus infected cats, compared survival time to uninfected cats and stud-
ied the effect of predictor factors on survival times both for FeLV (Addie
et al., 2000; Chhetri et al., 2015; Gleich et al., 2009b; Levy et al., 2008)
and for FIV-infected cats (Addie et al., 2000; Chhetri et al., 2015; Gleich
et al., 2009b; Levy et al., 2008; Liem et al., 2013; Ravi et al., 2010). In
addition, results of studies on survival time may differ geographically as
the clinical course of retrovirus infection is determined by a combina-
tion of viral and host factors. Some of these differences can be traced to
properties of the virus itself, such as the subgroup that determines dif-
ferences in the clinical picture. For example FeLV-B is primarily associ-
ated with tumors, FeLV-C is primarily associated with non-regenerative
anemia (Dean et al., 1992). Different FIV subtypes exist, and subtype B
is a less virulent strain of FIV than subtype A (Bachmann et al., 1997;
Kohmoto et al., 1998). Therefore, there may be geographical/strain-re-
lated variations in clinical signs, diseases, and opportunistic infections
associated with retrovirus infections.

The aims of this study were to estimate the survival times and to ex-
plore the effect of selected predictor factors on survival times in owned
pet cats that were tested for FIV antibodies and FeLV antigen for a va-
riety of medical reasons at a referral clinic in northern Italy over a 14
years period. Our hypothesis was that the type of retrovirus might al-
ter the effect on survival time and that some risk factors for retrovirus
seropositivity could also have a prognostic value for survival.

2. Material and methods

A retrospective cohort study was designed. Medical records of cats
referred for different medical reasons to the Veterinary Clinic of the
University of Milan were examined retrospectively to identify cats that
had been tested for FIV antibodies and FeLV antigen, between January
2002 and the first semester of 2016 (30 June 2016). Presence of an-
tibody to FIV target antigens p24 and gp40 and of FeLV p27 antigen
were simultaneous checked on plasma, serum, or whole blood samples
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using a commercial rapid enzyme-linked immunosorbent assay (ELISA)
kit (SNAP® Combo Plus FeLV Ag/FIv Ab, IDEXX Laboratories, Europe).
This ELISA test kit showed excellent performance in diagnosis of these
retroviruses with a sensitivity and specificity for FeLV diagnosis of 100%
and a sensitivity and specificity for FIV diagnosis of 97.9% and 99.0%,
respectively (Levy et al., 2017).

FIV and FeLV-seropositive cats formed the study population. A com-
parison group of retrovirus-seronegative cats with similar sex and age
characteristics was created. For each retrovirus-seropositive cat, one
retrovirus-seronegative was enrolled in the study. This retro-
virus-seronegative cat was selected as the first cat of the same sex and
of similar age tested in the same day or month or year (within 1 year).
If age and sex matching were not simultaneously available matching
was performed based only on one of the two parameters, depending on
which was available.

For each retrovirus-seronegative and seropositive cat, data retrieved
from medical records were: data of the first FIV/FeLV test, age at test,
sex, reason for FIV-FeLV test (pre-FeLV vaccination, pre-neuter check,
pre-blood donor check, unhealthy cat), hematological and biochemical
data, details of death/euthanasia, clinical condition in alive cats.

Laboratory data collected at time of test at admission were: com-
plete blood count (CBC) using ADVIA 120 analyser (Bayer) until end of
may 2010 and Cell-Dyn 3500 haematology analyser (Abbott Diagnos-
tic Laboratories) from July 2010 to the end of the study comprising red
blood cells (RBCs), hemoglobin (Hb), hematocrit (Hct), mean cell vol-
ume (MCV), mean cell Hb (MCH), mean cell Hb concentration (MCHC),
and white blood cells (WBCs). Differential leukocyte count was made
by blood smear evaluation (microscopic magnification 100 x immersion
objective) to make a quantitative evaluation of the percentage in 10
fields.

Biochemical data collected comprised: serum creatinine (by cinetic
modified Jaffé method) and total serum protein (by biuret colorimet-
ric method) evaluated using Cobas Mira Classics analyser (Roche). Alfa,
beta and gammaglobulins, albumin to globulin (A/G) ratio were eval-
uated by agarose gel serum electrophoresis (Hydrasys-Sebia). Labora-
tory reference ranges used were taken from the literature (Giordano and
Paltrinieri, 2010; Moritz et al., 2004; Silverstein and Hopper, 2015).

2.1. Statistical analysis

All the collected data were captured in Microsoft Excel 2007 and
analyzed using statistical software (MedCalc statistical software version
16.4.3 and SPSS statistics software, version 18.0).

Descriptive statistics were presented to define the population and
survival predictor variables for cats at entry into the study.

Survival times were calculated from the date of diagnosis of retrovi-
ral seropositivity to the date of death or euthanasia. If these data were
not available, the owner was contacted by telephone to request fol-
low-up information. If the cat had died and the exact date of death was
unknown, the month of death was recorded and it was assumed that the
cat died on the 15th of that month for the purposes of the survival analy-
sis. Cats were censored in the survival analysis if they were still alive
at the end of the follow-up period (June 30, 2016) or if they were lost
to follow-up. Cats were categorized as lost to follow up if they had not
attended the clinic for 6 months and their owners were not contactable
by telephone (after three calls made on three different days at three dif-
ferent times of day).

Differences between the median age of the groups were tested for
significance using the non-parametric Mann-Whitney U test for un-
paired samples.

Kaplan-Meier survival analyses were performed to estimate survival
of retrovirus-seronegative and seropositive cats groups (ie FIV, FeLV
or FIV +FeLV-seropositive cats). Pairwise comparison of survival curves
was performed using the Mantel-Cox logrank test. The hazard ratios
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with 95%CI (ie how rapidly death occurred in the groups) were also cal-
culated (Klein and Moeschberger, 2003).

Patients lost to follow-up or still alive at the time of follow-up were
censored by the date on which they were last seen by the diagnosing
veterinarian or the last date known to be alive.

Effects of selected predictor variables on survival were analyzed us-
ing a Cox proportional hazard model. The following variables analyzed
as dichotomous (code 1 if present and O if absent), were entered into the
proportional-hazards regression Cox model to determine if they were
independently associated with survival of retrovirus-seropositive cats:
male gender, reduced RBC count, reduced WBC count, neutropenia,
lymphopenia, increased creatinine and serum A/G ratio and are pre-
sented with the 95.0% confidence interval. These variables were cho-
sen as relevant risk factors for seropositive status and well documented
pathological alterations identified in retrovirus infected cats (Ackley
et al.,, 1990; Arjona et al.,, 2000; Baxter et al., 2012; Burling et al.,
2017; Chhetri et al., 2015; Flynn et al., 1994; Garigliany et al., 2016;
Gates et al., 2017; Gleich and Hartmann, 2009; Gleich et al., 2009a,b;
Hofmann-Lehmann et al., 1997; Levy et al., 2006; Liem et al., 2013;
Miro et al., 2007; Murray et al., 2009; Peri et al., 1994; Poli et al., 2012;
Ravi et al., 2010; Shelton et al., 1995; Spada et al., 2012; Sparkes et al.,
1993; Westman et al., 2016). Univariable Cox regression analysis was
performed initially. Variables with a P value < 0.2 in the univariate
analysis subsequently were entered into a forward selection, stepwise
multivariable Cox regression analysis with significance set at P < 0.05.

3. Results

The total number of cats tested during the years 2002 until first se-
mester 2016 (30 June 2016) was 816 owned pet cats out of 1600 owned
pet cats evaluated in the same period.

Out of 816 cats tested, 117 owned cats tested positive for retrovirus
infection (14.3%, 95.0% CI 11.8-17.1). Of these 60 cats were FIV-posi-
tive giving an estimated prevalence of FIV seropositivity of 7.4% (95.0%
CI 5.6-9.4), 46 cats were FeLV-seropositive giving an estimated preva-
lence of 5.6% (95.0% CI 4.1-7.5) and 11 cats (1.4%, 95.0% CI 0.6-2.4)
were seropositive for both FIV and FeLV.

For 14 retrovirus-seropositive cats (7 FIV-seropositive cats, 6
FeLV-seropositive cats, and 1 FIV + FeLV-seropositive cat) medical
records were missing. These cats were excluded from the analysis, there-
fore 103 retrovirus-seropositive cats were analyzed in this study, of
which 53 were FIV-seropositive cats (51.0%), 40 FeLV-seropositive cats
(39.0%) and 10 FIV + FeLV-seropositive cats (10.0%).

Of these 103 retrovirus-seropositive cats, 59 were male and 44 were
female. In particular 34 males and 19 females were FIV-seropositive
cats, 19 males and 21 females were FeLV-seropositive cats and 6 males
and 4 females were FIV + FeLV-seropositive cats. Age was recorded for
93 cats, with a median value of 4.0 years (95.0% CI 3.0-5.0, range 3
months-16 years).

Age at diagnosis of retrovirus-positive status was recorded for 47/
53 FIV-seropositive, 39/40 FeLV-seropositive cats and for 7/10
FIV + FeLV-seropositive cats, with a median value of 5.0 years (95.0%
CI 3.6-7.0, range 6 months-16 years), 2.0 years (95.0% CI 1.0-4.0,
range 3 months-13 years), and 7.0 years (95.0% CI 5.0-11.0, range
5.0-11.0 years) respectively. At Mann-Whitney U test median age was
significantly higher in FIV-seropositive than in FeLV-seropositive cats
(P = 0.0002), but not higher than FIV + FeLV-seropositive cats
(P = 0.1797). Median age in FELV-seropositive cats resulted signifi-
cantly lower than in FIV + FeLV-seropositive cats (P = 0.0026).

No cat was anesthetized or sedated to collect blood samples for the
diagnosis of FIV or FeLV seropositivity.
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Descriptive statistics relative to age group, cause for retrovirus test,
cause of death, clinical status in alive cats and potential risk factors for
survival in retrovirus-positive cats divided into groups of: FIV-seropos-
itive cats, FeLV-seropositive cats and FIV + FeLV-seropositive cats are
presented in Table 1.

A population of 103 sex and/or age-matched retrovirus seronegative
cats was selected, of which 58 were male and 43 female. Median age
was 4.0 years (95.0% CI 3.0-5.9, range 4 months-16 years). There was
no significant difference between median age of retrovirus-seronegative
cats and retrovirus-seropositive cats (P = 0.9456) at Mann-Whitney U
test. No statistical differences were found between the median age of
retrovirus-seronegative FIV-seropositive cats and FIV + FeLV-seroposi-
tive cats (P = 0.101 and P = 0.065, respectively), but there was a sig-
nificant difference between retrovirus-seronegative and FeLV-seroposi-
tive cats (P = 0.008).

Descriptive statistics relative to age group, cause for retrovirus test,
cause of death, clinical status in alive/surviving cats and potential risk
factors for survival in retrovirus-seronegative cats are presented in Table
1.

Summary statistic relating to hematological and biochemical para-
meters measured at admission when retrovirus test was performed are
reported in Table 2.

The mean and median survival times of retrovirus-seronegative cats,
FIV-seropositive, FeLV-seropositive and FIV + FeLV-seropositive cats
are reported in Table 3 and in Fig. 1.

The type of retroviral infection had a significant influence on sur-
vival time. In fact when compared to retrovirus-seronegative cats sur-
vival time was significantly lower in FeLV and FIV + FeLV-seroposi-
tive cats (Chi-Square = 16.4 and 27.3 with P = 0.000 and P = 0.000,
respectively), bur not significantly different in FIV-seropositive cats
(Chi-Square = 1.2, P = 0.260). The survival time of FIV-seropositive
cats was significantly greater than in FeLV and FIV + FeLV-seroposi-
tive cats (Chi-Square = 7.0 and 16.9 with P = 0.008 and P = 0.000,
respectively). Survival time in FeLV-seropositive cats was not signifi-
cantly different from FIV + FeLV-seropositive cats (Chi-Square = 2.9,
P = 0.083).

The hazard ratio for death in FeLV and FIV + FeLV seropositive cats
was 3.4 (95.0% CI 1.6-6.9) and 7.4 (95.0% CI 1.5-36.7) respectively
when compared with retrovirus-seronegative cats and 2.3 (95.0%CI
1.1-4.9) and 4.8 (95.0% CI 1.2-18.5) respectively when compared to
FIV-seropositive cats.

Results of univariable Cox regression analysis of potential factors as-
sociated with survival at admission for FIV-seropositive, FeLV-seroposi-
tive and FIV + FeLV-seropositive cats are reported in Tables 4-6.

The multivariable Cox proportional-hazards regression model for
variables that could predict the survival time for FIV-seropositive cats
included factors for reduced RBCs count, neutropenia and reduced A/G
ratio (Table 4). Neutropenia and reduced A/G ratio were found in mul-
tivariate analysis not to be significantly associated with survival time in
FIV-seropositive cats. In the final model only reduced RBCs count was
independently associated with survival in multivariable analysis (Table
7, Fig. 2). Hazard ratio for reduced RBC counts in FIV-seropositive cats
was 11.0 meaning that a cat with reduced a RBC count at diagnosis of
FIV seropositivity had a death ratio 11 times higher than a cat with nor-
mal RBC count.

In FeLV-seropositive cats Cox proportional-hazards univariable re-
gression found that the variable reduced RBC count predicted the sur-
vival time (Table 7, Fig. 3). Hazard ratio for reduced RBC counts in
FeLV-seropositive cats was 3.5 meaning that a cat with a reduced RBC
count at diagnosis of FeLV seropositivity had a death ratio 3.5 higher
than a cat with normal RBCs count. Effects of male gender, reduced
lymphocyte, neutrophil and total WBC count, increased creatinine and
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Table 1
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Descriptive statistics relative to age group, reason for retrovirus test, cause of death, clinical status in alive cats and potential risk factors for survival in 103 retrovirus-seronegative cats,
53 FIV-seropositive cats, 40 FeLV-seropositive cats and 10 FIV + FeLV-seropositive cats.

Parameter Group
Retrovirus-seronegative FIV- FeLV- FIV + FeLV-
cats seropositive seropositive seropositive
Age group (years) <1 16 (15.5%) 3 (5.7%) 7 (17.5%) 0 (0%)
1-5 45 (43.8%) 23 (43.4%) 24 (60.0%) 2 (20.0%)
>5-10 26 (25.2%) 19 (35.9%) 6 (15.0%) 5 (50.0%)
>10-15 14 (13.6%) 6 (11.4%) 3 (7.5%) 3 (30.0%)
>15 2 (1.9%) 1 (1,8%) 0 (0.0%) 0 (0.0%)
NR 0 (0.0%) 1 (1,8%) 0 (0.0%) 0 (0.0%)

Pre-FeLV vaccination
Pre-neuter check

Reason for retrovirus test

Pre-blood donor check

7/103 (6.8%)
24/103 (23.3%) 11/53

10/103 (9.7%)

4/53 (7.6%) 5/40 (12.5%)

10/40 (25.0%)

0/10 (0.0%)
1/10 (10.0%)
(20.7%)
8/53 (15.1%)

0/40 (0.0%) 0/10 (0.0%)

Unhealthy (various 62/103 (60.2%) 30/53 25/40 (62.5%) 9/10 (90.0%)
illness) (56.6%)
Cause of death Anemia 2/19 (10.5%) 6/17 (35.3%) 5/20 (25.0%) 4/7 (57.1%)
Neoplasia 5/19 (26.4%) 2/17 (11.8%) 11/20 (55.0%) 2/7 (28.6%)
Other 10/19 (52.6%) 3/17 (17.6%) 2/20 (10.0%) 0/7 (0.0%)
NR 2/19 (10.5%) 6/17 (35.3%) 2/20 (10.0%) 1/7 (14.3%)
Clinical status of alive cats Healthy 22/84 (26.2%) 12/17 4/10 (40.0%) None alive
(70.6%)
Unhealthy 61/84 (72.6%) 4/17 (23.5%) 2/10 (20.0%) None alive
NR 1/84 (1.2%) 1/17 (5.9%) 4/10 (40.0%) None alive
Presence of potential risk factor for Reduced RBC count 13/103 (12.6%) 11/53 14/40 (35.0%) 6/10 (60.0%)
survival (20.7%)
Leucopenia 22/103 (21.3%) 18/53 14/40 (35.0%) 3/10 (30.0%)
(33.9%)
Neutropenia 17/103 (16.5%) 11/53 9/40 (22.5%) 1/10 (10.0%)
(20.7%)
Lymphopenia 15/103 (14.5%) 6/53 (11.3%) 4/40 (10.0%) 1/10 (10.0%)
Hypercreatinemia 43/103 (41.7%) 21/53 9/40 (22.5%) 4/10 (40.0%)
(39.6%)
Reduced A/G ratio 28/103 (27.1%) 20/53 11/40 (27.5%) 4/10 (40.0%)
(37.7%)

NR: not recorded in the medical records.

reduced A/G ratio on survival time were not significant and were not
included in the model .

4. Discussion

This study investigated survival time in retrovirus-seropositive
owned pet cats of northern Italy and found survival data were in agree-
ment with previous studies (Addie et al., 2000; Gleich et al., 2009a,b;
Levy et al., 2008; Liem et al., 2013; Ravi et al., 2010). Notably, FIV-in-
fected cats have an apparently normal life expectancy, not statistically
different to retrovirus-seronegative cats. This is possibly related to the
long incubation period for this virus as cats may remain relatively dis-
ease-free for 8 years or more (Kohmoto et al., 1998).

Median survival time of FIV-seropositive cats in our study
(2040 days, 5.6 years) was greater than the 3.8 years (1416 days) re-
ported for FIV-infected cats in Canada (Ravi et al., 2010), 4.9 years of
FIV-infected cats in USA (Levy et al., 2008) and 2.0 years (748.8 days)
of FIV-positive owned cats in Germany (Gleich et al., 2009a). This dif-
ference in survival time from previous studies should not be due to dif-
ferent ages at diagnosis, as the median age of FIV-seropositive cats in
the present study was comparable to previous reports for FIV-infected
cats (Gleich et al., 2009a; Levy et al., 2008; Ravi et al., 2010). This dif-
ferent survival time may be due to the subtype of virus affecting the fe-
line population. FIV subtype B is prevalent in Italy (Pistello et al., 1997)
and this subtype is less pathogenic in vitro and in vivo when compared
with subtype A virus. Subtype B has been hypothesized to have a more
advanced host adaptation and may, therefore, be less pathogenic than
subtype A (Bachmann et al., 1997).

Differences in survival time could also be due to different manage-
ment of FIV-seropositive cats of our population than of cats in other

studies. In particular, housing conditions impact on disease progres-
sion and survival times of FIV-positive cats, with cats in large multi-cat
household having shorter survival time than cats living in <2 cats
group (Beczkowski et al., 2015). Although housing conditions were not
recorded for cats in our study it is improbable that FIV-seropositive cats
in our study were living in crowded multi-cat households, as they were
owned pet cats from an urban area of Northern Italy.

In addition, our population of FIV infected cats had a significantly
longer median survival time than FeLV infected cats, even if the median
age at diagnosis of FIV-seropositive cats was statistically higher than
median age of diagnosis for FeLV-seropositive cats. FeLV infection pro-
gresses more rapidly than FIV infection and is more pathogenic, so most
cats that develop progressive infections ultimately die of FeLV-related
disease (Sykes and Hartmann, 2014).

Survival time in FeLV-seropositive cats and FIV + FeLV-seropos-
itive cats in our study was significantly shorter than that of retro-
virus-seronegative cats. This finding is in agreement with previous stud-
ies that demonstrated a strong impact of FeLV on morbidity and mor-
tality (Addie et al., 2000; Gleich et al., 2009a,b), typically as a conse-
quence of FeLV-associated fatal diseases such as non-regenerative ane-
mia, peripheral blood cytopenias and neoplasia (Helfer-Hungerbuehler
et al., 2015; Shelton et al., 1990; Vail et al., 1998). In fact, similar to a
previous study (Helfer-Hungerbuehler et al., 2015) a large proportion of
deaths in FeLV-seropositive cats in our study seem to be related to FeLV
as causes of death were mainly lymphoma and less frequently, anemia.

As previously reported in our study the median survival time after
diagnosis of FeLV infection was less than 3 years (Addie et al., 2000;
Helfer-Hungerbuehler et al., 2015; Levy et al., 2008). In the current
study, the mean life expectancy of FeLV-seropositive cats was similar to



Table 2

Summary statistics relating to selected hematological and biochemical parameters evaluated in 103 retrovirus-seronegative cats, 53 FIV-seropositive cats, 40 FeLV- seropositive cats and 10 FIV + FeLV-seropositive cats.

Parameter
(Reference
range)

Group

Retrovirus-seronegative cats

FELV-seropositive

FIV-seropositive

FIV + FELV-

N

Median

95% CI

Min

N

Median

95% CI

Min

Max

N

Median

95% CI

Min

N

M

RBC count x
108/ul
(ADVIA
5.92-11.16
CELL DYN
6.56-11.20)
Hb g/dl
(ADVIA
8.17-15.26
CELL DYN
10.6-15.6)
Hcet %
(ADVIA
24-46

CELL DYN
31.7-48.0)
MCV (ADVIA
36.96-54.98
CELL DYN
36.7-53.7)
MCH (ADVIA
11.28-17.24
CELL DYN
12.3-17.3)
MCHC
(ADVIA
26.24-35.91
CELL DYN
30.1-35.6)
RDW g/dl
(ADVIA
13.81-21.11
CELL DYN
16.7-22.9)
WBC count x
103/pl
(ADVIA
7.73-18.6
CELL DYN
4.04-18.7)
Neutrophils
count x
10%/pl
(ADVIA
3.14-12.52
CELL DYN
2.3-14)

103

103

103

103

103

103

88

103

103

8.3

11.8

32.8

14.1

35.0

17.1

9.4

4.9

7.9-8.5

11.3-12.2

31.7-34.7

38.7-40.4

13.9-14.5

34.7-35.7

16.7-17.7

8.4-9.9

4.1-6.6

2.7

4.0

11.7

11.0

30.2

11.3

2.2

1.2

16.9

48.4

51.0

27.8

75.9

24.2

38.3

39

39

39

39

39

39

36

39

37

6.9

9.9

28.7

41.7

14.5

35.1

18.1

8.1

5.1

5.4-8.1

8.8-11.6

24.4-32.4

39.7-43.8

14.0-15.6

34.0-36.1

16.8-18.7

7.3-9.3

3.8-5.5

1.7

5.3

35.7

12.1

24.6

14.6

1.1

0.3

10.5

16.7

49.4

72.0

25.8

49.2

29.4

85.9

31.3

49

49

49

49

49

49

45

49

48

7.8

11.0

30.8

14.3

35.0

17.4

8.8

5.1

7.2-8.1

10.0-11.4

28.3-31.4

39.0-42.8

13.7-15.3

34.0-36.2

16.5-17.9

7.7-10.8

4.4-6.9

3.9

10.7

33.8

11.8

30.3

13.3

21

0.7

15.1

43.8

54.2

19.5

41.9

22.7

27.6

10

10

10

10

10

10

10

1<




Table 2 (Continued)

Parameter
(Reference
range)

Group

Retrovirus-seronegative cats

FELV-seropositive

FIV-seropositive

FIV + FELV-

N Median 95% CI

Min

Max

N

Median

95% CI

Min

Max

N

Median

95% CI

Min

Max

Lymphocyte
count (x
10%/u)
(ADVIA
1.31-7.46
CELL DYN
0.8-6.1)
Creatinine
mg/dl

(<1.5 mg/dl)
Total protein
g/dl (6-8)
Albumin g/dl
(3.0—-4.6)
Alfa
1-globulins
g/dl
(0.1-0.5)
Alfa
2-globulins
g/dl
(0.3-1.2)
Beta
1-globulins
g/dl
(0.1-0.7)
Beta
2-globulins
g/dl
(0.2-0.8)
Gamma-
globulins (g/
dl) (0.3-0.8)
A/G ratio (g/
d)

(0.8-1.6)

103 2.7 2.3-31

89 1.5 1.5-1.6

98 7.1 6.8—7.3
92 3.4 3.3-35

91 0.2 0.2-0.2

90 1.1 1.0-1.1

91 0.6

0.6-0.7

77 0.4

0.3-0.5

91 1.2 1.0-1.3

91 1.0 0.9-1.0

0.3

0.7

5.0

1.6

0.1

0.3

0.1

0.1

0.4

0.4

12.8

8.1

9.4

5.5

1.0

1.9

1.6

1.3

3.6

1.7

36

25

29

23

22

21

21

21

22

23

2.7

1.2

7.0

3.3

0.2

1.0

0.5

0.4

1.3

0.9

2.2-3.4

1.1-1.4

6.6-7.6

29-3.6

0.2-0.3

0.7-1.2

0.4-0.6

0.3-0.6

1.0-1.6

0.8—-1.1

0.4

0.5

5.2

2.5

0.1

0.3

0.2

0.2

0.6

0.4

55.0

2.4

8.9

4.9

1.4

2.7

1.5

0.9

2.2

1.8

48

39

43

39

33

32

29

30

34

38

2.5

1.6

7.1

3.3

0.2

0.9

0.7

0.5

1.6

0.9

2.2-3.3

1.3-1.8

6.8—7.4

3.2-3.6

0.2-0.3

0.7-1.1

0.6-0.7

0.4-0.6

1.3-2.0

0.8—-0.9

0.4

0.9

4.1

1.8

0.1

0.4

0.2

0.2

0.5

0.3

9.5

11.2

10.1

4.3

1.2

1.9

1.0

1.1

4.7

1.5

N: number; A/G: albumin to globulin; RBC: red blood cell; WBC: white blood cell; CI: confidence interval; Min: minimum; Max: maximum.
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Table 3
Estimated mean and median survival time with 95.0% CI in 103 retrovirus-seronegative, 53 FIV-seropositive, 40 FeLV-seropositive and 10 FIV + FeLV-seropositive cats calculated using
Kaplan Meier analysis.

Group

Retrovirus seronegative FIV seropositive FeLV seropositive FIV +FeLV seropositive

cats cats cats cats Overall
n. of events (death) 19/103 17/53 20/40 7/10 63/206
n. of censored 84/103 36/53 20/40 3/10 143/206
n. of alive cats 39/103 17/53 10/40 0/10 66/206
n. of cats lost to follow up 45/103 19/53 10/40 3/10 77/206
Total sample size 103 53 40 10 206
Estimated mean survival time 2822 2200 1113 396 2079
(days)
Standard error 237 303 239 258 164
95.0% CI for the mean 2357-3287 1605-2795 644-1582 0-902 1756-2402
Estimated median survival time 3960 2040 714 77 2040
(days)
Standard error 0.0 681 341 91 424
95.0% CI for the median 0.0-0.0 704-3375 45-1382 0-255 1207-2872
Range (min-max) 0-3960 0-4029 0-3117 0-1787 0-4029

n. = number, CI = confidence interval, max: maximum, min: minimum.

100 | —— Seronegative
== FelV+
- Flv+
ol _Frrmm | | .= FIV/FeLV+
. “";"I'I'A'”'
60 | G -

Survival probability (%)

1820 2184 2548 2012 3276 3640 4004
Time (days)

0 364 728 1002 1456

Number at risk
Group: Seronegative

72752 48. 43 30 3328271 217 16 15128 7 6 3 1 1 1 1 =1 0D
Group: FelLV+

28°19°194 12 9.8 8 7T 4 4 3 2 202 22 2 10 0 DD -0 D
Group: FIV+

40 2925 23 211610 10 8 8 8 7 6 6 6 6 5§ 5 4 4 3 1 1 0
Group: FIV/IFeLV+

6 2:2 2 4.1 4.1 9 94 0000 00 0 00D 0 00 00

Fig. 1. Kaplan-Meier survival curve comparison with number at risk under the curve for retrovirus-seronegative cats (n = 103, blue solid line), FIV-seropositive (n = 53, orange broken
line), FeLV-seropositive (n = 40, red broken line) and FIV + FeLV-seropositive cats (n = 10, green broken line). Survival time represents the time from when the seropositive status was
diagnosed until the time of death. The median survival times for retrovirus-seronegative cats, FIV-seropositive, FeLV-seropositive and FIV + FeLV-seropositive cats are 3960, 2040, 714,
and 77 days, respectively. Survival was statistically lower in FeLV and FIV + FeLV-seropositive cats than in retrovirus-seronegative cats and in FeLV and FIV + FeLV-seropositive than in
FIV-seropositive cats (P < 0.000). Ticks on the lines indicate censored items representing the data of cats that were alive or lost at follow up at the end of the study. (For interpretation of
the references to colour in this figure legend, the reader is referred to the web version of this article.)

the 2.4 years reported in a large study by Levy et al. (2008). Despite (1990) also showed that infection with both FIV and FeLV leads to a

this some FeLV-seropositive cats in our study lived up to 8.5 years more severe disease progression than FIV infection alone and that a pre-
(3117 days). This data highlights that FeLV infection should never be existing FeLV infection enhanced the expression and spread of FIV in the
assumed to be a death sentence for the infected cat. body and increased the severity of both the resulting transient primary
Co-infection with FeLV in FIV infected cats potentiates the primary and chronic secondary stages of FIV infection (Pedersen et al., 1990).
and immune deficiency phases of FIV (Hofmann-Lehmann et al., 1995). Study of the potential predictor factors of survival in retro-
Cats co-infected with FeLV and FIV have a poor prognosis as the retro- virus-seropositive cats revealed that death occurred more rapidly in cats
viruses infect all lineages of hematopoietic and lymphoid cells with with reduced RBC counts at diagnosis in both FeLV and FIV infection.
partially overlapping tropisms (Dean et al., 1992). This was confirmed In FeLV-infected cats non-regenerative anemia is frequently the result of
by the reduced survival time of co-infected cats in our study and a infection with subtype FeLV-C which results in pure red cell aplasia or
death hazard ratio of 7.9 and 4.8 when compared to retrovirus-seroneg- aplastic anemia, myelodysplasia or myelofibrosis or immune-mediated

ative cats and FIV-seropositive cats, respectively. Pedersen et al.
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Table 4
Results of univariable Cox regression analysis of potential factors at admission associated
with survival at the 20% level (P < 0.2) of 53 FIV-seropositive cats.

Variable 95.0% CI for Hazard Ratio
Hazard P
Ratio Lower Upper value
Male sex 1.199 0.431 3.334 0.729
Reduced RBCs 3.237 1.150 9.111 0.026
count
Leucopenia 0.493 0.159 1.159 0.220
Neutropenia 0.121 0.016 0.935 0.043
Lymphopenia 1.212 0.339 4.335 0.768
Hypercreatininemia 0.984 0.315 3.076 0.978
Reduced A/G ratio 3.602 0.946 13.713 0.060

A/G: albumin to globulin ratio; CI: confidence interval. P values for significant variable
(P < 0.2) are highlighted in bold font.

Table 5
Results of univariable Cox regression analysis of potential factors associated with survival
at the 20% level (P < 0.2) at admission of 40 FeLV-seropositive cats.

Variable 95.0% CI for Hazard Ratio
Hazard P
Ratio Lower Upper value
Male sex 0.941 0.389 2.276 0.892
Reduced RBCs 3.355 1.263 8.913 0.015
count
Leucopenia 1.048 0.416 2.636 0.921
Neutropenia 1.103 0.408 2.981 0.846
Lymphopenia 1.773 0.396 7.950 0.454
Hypercreatininemia 0.855 0.188 3.888 0.840
Reduced A/G ratio 0.818 0.230 2.917 0.717

A/G: albumin to globulin ratio; CI: confidence interval. P values for significant variable
(P < 0.2) are highlighted in bold font.

hemolytic anemia, and is the cause of death in infected cats (Dean et
al., 1992). In FeLV-seropositive cats with reduced RBC counts at di-
agnosis the death ratio was 3.5 times higher than in FeLV-seroposi-
tive cats with normal RBC counts at diagnosis. Presence of anemia was
therefore a negative prognostic indicator for survival in FeLV-seroposi-
tive cats. These results are in agreement with a recent study in which
cats that developed non-regenerative anemia following persistent in-
fection after experimental FeLV infection lived an average of only 0.6
years (from 0.6 to 1.1 years) whereas cats that developed lymphoma

Table 6
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survived on average 3.6 years (from 1.6 to
(Helfer-Hungerbuehler et al., 2015).

We identified a number of limitations of this study. Firstly, as with
all retrospective studies, some cases had missing data. Laboratory data
were not available for 14 retrovirus-infected cats and therefore these
seropositive cats were not included in the study population. The number
of cats in seropositive group cats was low. With a small sample size pop-
ulation, differences can be hard to detect statistically. In addition, rela-
tively high numbers of retrovirus-seropositive cats were censored from
the survival analysis because they were still alive or were lost to fol-
low up at the time of completion of the study. This may have biased the
results and should be noted when interpreting the data. Despite these
drawbacks, studies of natural infection provide information relevant for
practitioners faced with retrovirus-infected cats.

In our study, no true confirmation tests such as Western blot for
FIV and immunofluorescent antibody (IFA), polymerase chain reaction
(PCR) or virus isolation for FeLV were performed. Because positive as-
say results were not confirmed by means of an alternative assay, it is
possible that some positive assay results were false positive. However, a
recently study reported that the ELISA test kit used in our investigation
showed excellent performance in diagnosis of these retroviruses (Levy
et al., 2017).

Through the study we use the term seropositive for the study popu-
lation. In FeLV infection, persistent antigenemia is consistent with pro-
gressive infection. In addition, since whole blood is currently the recom-
mended specimen for patient-side FeLV testing, PCR detection of DNA
provirus remains the gold standard confirmatory test to definitively di-
agnose FeLV infection and PCR testing should be pursued to confirm any
positive p27 antigen test result (Westman et al., 2017). As cats in this
study were not tested twice nor tested with PCR, we cannot be sure that
they were all retrovirus infected cats.

Regardless of the performances of the test used, false positive results
may occur especially in very young animals when maternal anti-FIV
antibodies are still present or due to cross-reactions. In animals
<6 months old there is a risk that maternal antibodies could interfere
with the FIV antibody ELISA to give false positive results. However there
were few very young cats in our study so this factor is unlikely to have
biased our results. In addition there is no commercially available FIV
vaccine in Europe so overestimation of FIV seroprevalence due to vac-
cine-induced FIV antibodies was not possible (Levy et al., 2004).

Furthermore, false negatives may also occur as FIV-infected cats do
not develop antibodies for 2-4 weeks (or up to a year in some cases)

6.5 years)

Results of univariable Cox regression analysis of potential factors associated with survival at the 20% level (P < 0.2) at admission of 10 FIV + FeLV-seropositive cats.

Variable 95.0% CI for Hazard Ratio
Hazard Ratio Lower Upper P value

Male sex 1.261 0.247 6.451 0.780
Reduced RBCs count 106.922 0.026 437806.644 0.271
Leucopenia 0.299 0.034 2.604 0.274
Neutropenia - - - -
Lymphopenia - - - -
Hypercreatininemia 1.274 0.208 7.797 0.793
Reduced A/G ratio 1.103 0.151 8.082 0.923

- These categories were excluded from analyses because of small numbers.

Table 7

The final logistic regression model for factors associated with survival time in 53 FIV-seropositive and 40 FeLV-seropositive cats.

Variable Infection B Standard error Wald P value Hazard Ratio 95.0% CI for Hazard Ratio
Reduced RBCs count FIV 2.4 0.7 9.3 0.002 11.0 2.3-51.8
FeLV 1.2 0.5 5.5 0.015 3.5 1.2-10.0
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Fig. 2. Survival curve comparison demonstrating an increased risk of mortality (hazard ratio = 11.0) if RBC counts at diagnosis of FIV-seropositivity were below the reference range (red
broken line). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 3. Survival curve comparison demonstrating an increased risk of mortality (hazard ratio = 3.5) when RBC counts at diagnosis of FeLV seropositivity were below the reference range
(red broken line). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

post-infection or during the terminal stages of infection or in leukopenia
(Swango, 1991).

Similarly, FeLV antigen may not be detected in latent FeLV infec-
tions when there is no viremia but the viral genome is integrated in
bone marrow or other sites (Herring et al., 2001). However, the results
of this study are based on field-based data generated from routine prac-

tices and the use of these data is justified by the production of results
that reflect the situation in the clinical field

5. Conclusions

In summary, FIV status did not significantly affect longevity of cats
in this study, but FeLV and FIV-FeLV co-infection did. FIV and FeLV-
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seropositive cats with low RBC counts at diagnosis had significantly
shorter survival times. It is therefore important to assess blood counts
in retrovirus infected cats to provide specific information on prognosis.
New treatment strategies are necessary for cats with retrovirus-associ-
ated anemia.
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