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This retrospective study aimed to evaluate the clinicopathological changes in a 
population of  cats tested for feline immunodeficiency virus (FIV) and feline leukaemia 
virus (FeLV), in an Italian Veterinary University Hospital, in the period between January 
2002 and May 2016. During the period of  14 years, 1834 cats were tested, and of  
these 241/1834 (13.1%) were positive for FIV antibodies and 92/1834 (5%) cats were 
positive for FeLV antigen. These data confirm the presence of  a high prevalence 
of  these viruses on Italian territory. To the authors’ knowledge, this study describes 
findings that have never been evaluated before, such as iron status in retrovirus-infected 
cats and urinalysis in FeLV-positive cats. In this study, FIV-positive cats were more 
likely to have higher serum protein concentration and lower albumin-globulin ratio than 
other groups of  cats. Lower urine specific gravity and higher urine protein to creatinine 
ratio were also detected for FIV-positive cats when compared with negative and healthy 
cats. FeLV-positive cats were more likely to have cytopenia, decreased haemoglobin, 
haematocrit and RBC compared with other groups of  cats. The data obtained underline 
the importance of  considering retroviral infections in the presence of  a broad spectrum 
of  risk factors and laboratory anomalies.
Keywords: clinicopathological findings; feline immunodeficiency virus; feline leukaemia 
virus; iron; UPC ratio; urinalysis

INTRODUCTION

Feline immunodeficiency virus (FIV) and feline leukaemia virus (FeLV) are common 
pathogens occurring worldwide in domestic and wild felids [1,2]. Both pathogens be-
longing to the Retroviridae family, are associated with a variety of  clinical signs and 
differences among them in the potential to cause disease. FIV is a Lentivirus that 
can trigger an acquired immunodeficiency syndrome, comparable to that caused by 
human immunodeficiency virus (HIV) in humans [3]. Infected cats are at high risk of  
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developing secondary infections, neoplasia, neurological and chronic inflammatory 
diseases; despite this, most of  the infected cats can remain clinically healthy for many 
years [4,5]. The symptomatic stage of  FIV is frequently associated with haematological 
and biochemical abnormalities, in particular anaemia, leukopenia, hyperglobulinaemia, 
and azotaemia are reported [6,7]. FeLV is a Gammaretrovirus considered more pathogenic 
than FIV and has been known to be a cause of  virus-related neoplasia, mainly lymphoma 
and leukaemia [3]. Furthermore, FeLV can cause bone marrow suppression frequently 
associated with haematological disorders such as anaemia, persistent, transient or 
cyclic neutropenia, thrombocytopenia, and combined cytopenias [8-10]. Guidelines 
for the management and prevention of  feline retroviruses are available for decades 
and led to a decrease in prevalence, although the distribution of  feline retroviruses 
infection varies considerably depending on the geographic region, the lifestyle of  
the feline population, and the diagnostic method chosen [11-14]. FeLV prevalence 
ranges between 2.3 - 7.5% in North America and 2% in Australia, while in Europe 
it is somewhat higher, 3.6 - 15.6% [15], although in some European countries FeLV 
was undetectable [14]. FIV prevalence levels are almost similar: 2.5 - 7.5% in North 
America, 15% in Australia, and 3.2 - 8.3% in Europe [14-17].
Given the importance and the diffusion of  retroviruses infections in cats and since 
systematic studies about their impact on laboratory variables were primarily conducted 
under experimental conditions, we carried out a retrospective study aimed to describe 
clinicopathological abnormalities in naturally retrovirus-infected cats and to compare 
the results between infected and uninfected subjects. Additionally, the prevalence of  
the infections was estimated and correlated to signalment data.

MATERIALS AND METHODS

Study design, inclusion criteria, study groups and sampling

This was a retrospective study conducted at the Veterinary University Hospital (VUH) 
(Department of  Veterinary Medical Sciences, University of  Bologna), in Northern 
Italy. The electronic database of  the VUH was reviewed and cats screened for FIV 
and FeLV infection between January 2002 and May 2016 were included in the study. 
Plasma, serum, or whole blood samples were tested for the presence of  FIV antibodies 
(anti-p24 and anti-gp40) and FeLV antigen (p27) using a commercial point-of-care 
enzyme-linked immunosorbent assay (ELISA) based test (SNAP FIV/FeLV Combo 
Plus test, IDEXX, Westbrook, Maine, USA), following the manufacturer instruction. 
Cats were divided into four groups: FIV-positive, FeLV-positive, FIV and FeLV-
positive, FIV and FeLV-negative. FIV and FeLV-positive cats were not included in 
the statistical analysis to avoid bias in the data interpretation. Medical records were 
also reviewed to collect signalment, history, clinical and clinicopathological data 
including complete blood count (CBC), serum chemistry, urinalysis, and urine protein 
to creatinine ratio (UPC). Another group, constituted of  21 cats selected among blood 
donors and faculty staff-owned cats and considered healthy on the basis of  clinical 
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and laboratory data, was included in the study for comparison. All cats included in 
the healthy group were tested negative for FIV antibodies and FeLV antigen with the 
above-reported test.
Blood sampling was performed by venepuncture and samples were collected by 
vacuum system (Vacutest Kima, Arzegrande, PD, Italy). Samples of  urine were 
collected by cystocentesis, spontaneous voiding or catheterization. FIV and FeLV tests 
and clinicopathological evaluation were carried out within 1 hour from the sampling 
and the samples were stored at –20°C after the examination.

Clinicopathological data

A complete blood count was performed using two automated blood cell counters 
available during the study period (CELL-DYN 3500 R, Abbott Diagnostics Division, 
Mountain View, CA, USA and ADVIA 2120, Siemens Healthcare Diagnostics, 
Erlangen, Germany). Automated haematology was completed by microscopic blood 
smear examination using May-Grünwald Giemsa staining. A serum chemistry profile 
including creatinine, urea, phosphate, total protein, albumin, albumin to globulin 
ratio (A:G), alanine transaminase, aspartate transaminase, alkaline phosphatase, 
γ-glutamyltransferase (GGT), total bilirubin, cholesterol, total calcium, sodium, 
potassium, chloride, glucose, serum amyloid A (SAA) as reported previously [18], 
total iron, total iron-binding capacity (TIBC) and TIBC-saturation was determined. 
Urinalysis included urine specific gravity (USG), dipstick (Com-bur10TestUX, Roche, 
Basel, Switzerland) and microscopic sediment examination, and the UPC. Urine 
samples with a visible red colour and/or >250 red blood cells (RBCs) in a high-power 
field (hpf) were excluded from the UPC analysis. Serum and urine chemical analysis 
were carried out using an automated analyser (AU480 Chemistry Analyzer, Beckman 
Coulter-Olympus, Brea, CA, USA).

Statistical analysis

All the collected data were captured in Microsoft Excel 2019 and analysed using statistical 
software (MedCalc Statistical Software version 18.5 bvba). Descriptive statistics was 
performed for all the evaluated variables and data are reported as mean ± standard 
deviation or median and (range), based on their distribution. Categorical data were 
analysed using the Chi-squared (χ2) test. Continuous data (age and clinicopathological 
results) were compared, using Kruskall Wallis ANOVA, among the study groups. A P 
value <0.05 was considered significant.

Ethics

Ethical review and approval were waived for this study because it was carried out using 
blood, serum and urine samples collected with the agreement of  the cats’ owners 
for clinical and diagnostic purposes independent of  the study. No sampling activities 
were performed for the purposes of  this study. All efforts were made to minimize the 
discomfort of  the animals during sampling.
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RESULTS

During the study period, 1834 cats were screened for retroviral infections and 
included in the study: 1049/1834 (57.2%) were male, of  which 610/1049 (58.2%) 
were castrated, and 778/1834 (42.2%) were female, of  which 488/788 (61.9%) 
were spayed. The median age was of  6 years (range <1 month to 21 years). Of  the 
enrolled cats, 241/1834 (13.1%) showed antibodies against FIV and 92/1834 (5%) 
were positive for FeLV antigen. Among the tested positive cats, 16 (16/1834, 0.9%) 
were simultaneously positive for FIV and FeLV and were excluded from the statistical 
analysis. The 225/1834 (12.3%) cats tested positive only for FIV antibodies were 
included in the FIV-positive group and the 76/1834 (4.1%) cats tested positive only 
for FeLV antigen were included in the FeLV-positive one. The cats negative for both 
viruses were 1517/1834 (82.7%) and were included in the FIV and FeLV negative 
group. Signalment, clinical and clinicopathological findings are reported in Tables 1, 
2, 3 and 4.

Table 1. Signalment of  cats tested positive for FIV or FeLV infection, compared with cats 
tested negative.

FIV-positive 
group

FeLV-positive 
group

FIV and FeLV-
negative group

P valuea

(224/225)
N (%)

(76/76)
N (%)

(1511/1517)
N (%)

Sex
Male 175 (78.1) 38 (50) 823 (54.5)
Male intact 72 (32.1) 18 (23.7) 340 (22.5) P=0.0406
Male neutered 103 (46) 20 (26.3) 483 (31.9) P=0.0039
Female 49 (21.9) 38 (50) 688 (45.5)
Female intact 19 (8.5) 10 (13.2) 261 (17.3) P=0.0638
Female spayed 30 (13.4) 28 (36.8) 427 (28.2) P<0.0001

(204/225)
N (%)

(70/76)
N (%)

(1227/1517)
N (%)

Age groups (years)
<1 0 (0) 4 (5.7) 61 (5) P<0.0001
1.0-4.0 26 (12.8) 24 (34.3) 262 (21.3) P=0.0002
4.0-8.0 51 (25) 15 (21.4) 365 (30) P=0.0010
8.0-12.0 75 (36.7) 14 (20) 302 (24.5) P=0.1050
>12 52 (25.5) 13 (18.6) 237 (19.2) P<0.0001

(204/225)
Median (Range)

(70/76)
Median (Range)

(1227/1517)
Median (Range)

Age median (years) 9 (<1–21) 6 (<1–17) 6 (<1–20) P<0.0001

Data are given as: number of  cats (% of  number of  cats/n). N, number of  cats in each group for which 
the signalment data was available. a Significance P <0.05 (χ2 test).
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DISCUSSION

This study was primarily aimed to describe clinicopathological abnormalities detected 
in a hospital population of  retrovirally infected cats (FIV positive and FeLV positive) 
retrospectively enrolled in a 14-year period and to compare these findings with 
those obtained in negative and healthy cats. The values of  FIV, FeLV, and FIV-FeLV 
infection prevalence obtained in this study (13.1%, 5% and 0.9%, respectively) are 
in line with previous surveys carried out in Italy from 2006 that reported variable 
prevalence values, ranging from 5.8% to 11.3% for FIV and from 3.8% to 6.1% for 
FeLV [14,19-22]. The prevalence of  infection observed for feline retroviruses in 
European countries differed significantly among cats living in different regions. In 
Northern European countries FeLV is an unusual infection or has not been reported 
for many years, while in Southern Europe several studies reported higher prevalence 
values correlated to cats living at a much greater risk: stray colony free-ranging and 
shelter cats are very common in Southern Europe [14,16].  The frequency of  positive 
FeLV cats detected in our study is comparable to findings of  a recent epidemiological 
survey conducted throughout the European territory, which found a prevalence of  
5.7% in Italy and Malta [14].
Several studies reported an increased risk of  acquiring FIV infection for male intact 
cats and attributed this finding to the higher propensity of  intact male cats to fight 
[12,14,23-25]. The present study confirms the association between the male gender 
and a higher frequency of  infection, but without a considerable gap among intact and 
neutered cats, as suggested in other reports [26-29]. Furthermore, FeLV-positive cats 
were significantly younger than FIV-positive cats, as previously reported [12,30]. This 
finding was probably related to the decreased life expectancy of  progressively FeLV-
infected cats [31,32]. Conversely, the estimated death rate of  FIV-infected cats was 
only 18% after five years from the hypothetical time of  infection [33].
In the current study, FeLV-positive cats showed haemoglobin, haematocrit and RBCs 
values significantly lower than other groups. These results corroborate previous 
studies and are reasonably explained by the involvement of  bone marrow affecting 
FeLV-positive cats [12,34]. Lower erythrocytes concentration can be also explained 
by increased destruction due to immune-mediated haemolytic anaemia or coinfection 
with haemoplasmas as previously reported [35,36]. Moreover, FeLV-positive cats had 
higher values of  mean corpuscular volume (MCV) with respect to FIV-positive and 
negative cats, but not with respect to healthy cats, confirming the association between 
FeLV-positive status and a high frequency of  macrocytosis or macrocytic anaemia 
[37]. FIV-positive cats showed significantly lower values of  haemoglobin, haematocrit 
and RBC with respect to negative and healthy cats, but not to FeLV-positive cats. 
These findings contrast with those of  a previous study in which FIV-positive cats did 
not show any significant differences in erythron with respect to control cats [12].
The present study had evaluated serum iron concentration in FIV- and FeLV-positive 
cats. In the FeLV-positive group, total iron concentration was significantly different 
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from the FIV-positive group, and 52% of  FIV-positive cats had decreased serum iron 
levels with a median of  40 µg/dl. These findings confirm that a high percentage of  
cats affected by feline retrovirus displayed anaemia [38], and a probable explanation 
is an inflammatory response in chronic immune-compromise FIV-positive cats [39].
Another piece of  evidence that emerged in FIV-positive cats is the increased value 
of  SAA compared to FeLV-positive or negative cats. This major feline acute-phase 
protein increases early during inflammation, show higher sensitivity compared to 
WBC to detect inflammation and it can be used in cats with various diseases as a 
prognostic marker [18,40,41].
No significant differences in total leucocyte count were observed among groups, as 
reported in a previous study [30].
In our study, FIV and FeLV-positive cats had a significantly lower platelet count with 
respect to negative cats but not with healthy cats. Thrombocytopenia is considered a 
common finding in FeLV-infected cats and may be due to bone marrow suppression or 
neoplastic infiltration [42]. Conversely, in FIV-infected cats, bone marrow suppression 
is rarely reported and causes mainly neutropenia, not thrombocytopenia [12,43]. Our 
results should be cautiously evaluated due to the high frequency of  platelet clumps 
in feline EDTA samples, therefore, in future studies, careful examination of  blood 
smears is required to identify real thrombocytopenia [44,45].
The FIV-positive group had a significant increase in total protein and a decrease 
in serum albumin together with a higher frequency of  hyperproteinaemia (34%), 
hypoalbuminemia (34%), and decreased albumin globulin ratio (46%), compared 
to the other groups. These data confirm the correlation between FIV infection and 
hyperglobulinaemia, which is frequently due to excessive natural immune response 
against the chronic persistent infection [46-48]. Hypergammaglobulinaemia reflects 
polyclonal B-cell stimulation and could be a direct consequence of  FIV infection [38].
Urinalysis results showed that FIV-positive and FeLV-positive cats are more proteinuric 
than negative cats. Furthermore, FeLV-positive cats showed a significantly higher 
proteinuria, with a median UPC value of  1.4, than cats in the healthy group. Proteinuria 
was previously reported in FIV-infected cats [49-51] and an association between FIV- 
and FeLV-positive cats and the development of  CKD has already been reported [52-
54]. As urine analysis can provide essential information on the renal function of  cats 
with retrovirosis, allowing to set up an appropriate therapy, the collection of  urine 
samples and their analysis is indicated if  infection is suspected. Furthermore, screening 
for FIV and FeLV should be considered when a kidney disease is suspected in cats.
The present study has some limitations. Anamnestic information and clinicopathological 
data were lacking for some patients, so prospective studies focused on the clinical 
course of  cats with retroviruses are needed to better understand the impact of  such 
infections in clinical practice. Another limit is linked to the use of  rapid tests to detect 
FIV and FeLV infection, which in a situation of  low prevalence could lead to false 
positives, inflating the prevalence values detected. Furthermore, antigenic tests are not 
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able to detect regressive FeLV infections, revealed only by molecular tests, affecting 
the estimated prevalence of  FeLV.
In conclusion, our study provides an overview on the Italian epidemiological situation 
for FIV and FeLV infection in cats and describes our original findings such as iron 
status in retrovirus-infected cats and urinalysis in FeLV-positive cats. FIV-positive 
cats were more likely to have higher serum protein concentration and lower albumin-
globulin ratio than other groups of  cats. Lower urine specific gravity and higher UPC 
were also detected for FIV-positive cats when compared with negative and healthy 
cats. FeLV-positive cats were more likely to have cytopenia, decreased haemoglobin, 
haematocrit and RBC compared with other groups of  cats. The obtained data underline 
the importance of  considering, and screening for, retroviral infections in presence of  a 
wide spectrum of  risk factors and laboratory abnormalities.
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KLINIČKO-PATOLOŠKI NALAZI KOD MAČAKA  
TESTIRANIH NA VIRUS IMUNODEFICIJENCIJE (FIV) 
I VIRUS LEUKEMIJE MAČAKA (FeLV)

Mara BATTILANI, Elisa KAEHLER, Alessandro TIROLO, Andrea BALBONI, 
Francesco DONDI

Ova retrospektivna studija imala je za cilj da proceni kliničko-patološke promene u po-
pulaciji mačaka testiranih na virus imunodeficijencije (FIV) i virus leukemije (FeLV), 
u italijanskoj Veterinarskoj univerzitetskoj bolnici, u periodu od januara 2002. do maja 
2016. godine. U periodu od 14 godina testirano je 1834 mačaka, od kojih je 241/1834 
(13,1%) bilo pozitivno na FIV antitela i 92/1834 (5%) mačaka pozitivno na FeLV 
antigen. Ovi podaci potvrđuju prisustvo visoke prevalencije ovih virusa na teritoriji 
Italije. Prema saznanjima autora, ova studija opisuje nalaze koji nikada ranije nisu bili 
procenjeni, kao što je status gvožđa kod mačaka inficiranih retrovirusom i analiza 
urina kod FeLV pozitivnih mačaka. U ovoj studiji, FIV-pozitivne mačke su imale veću 
koncentraciju proteina u serumu i niži odnos albumin/globulin nego druge grupe ma-
čaka. Niža specifična težina urina i veći odnos proteina i kreatinina u urinu takođe su 
otkriveni kod FIV-pozitivnih mačaka u poređenju sa negativnim i zdravim mačkama. 
FeLV-pozitivne mačke su češće imale citopeniju, smanjen hemoglobin, hematokrit i  
broj eritrocita u poređenju sa drugim grupama mačaka. Dobijeni podaci naglašavaju 
važnost razmatranja retrovirusnih infekcija u prisustvu širokog spektra faktora rizika i 
laboratorijskih anomalija.


