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Abstract

The infections caused by feline leukemia (FelV) and feline immunodeficiency
(FIv) viruses, are relevant in Feline Medicine due to the severe complications
of the disease and related pathologies in domestic cats. This study describes
clinical findings related to FelV and Fiv, regressive FelV infections and identi-
fication of prevalent FelV genotypes in domestic cats from Mérida, Yucatén,
México. Hundred domestic cats with clinical manifestations of diseases as-
sociated with feline retrovirus infection in veterinary centers in Mérida, were
submitted to a general physical examination, venipuncture to collect blood,
and a quantitative hemogram. Detection of antigen (FelV) and antibody (FIv)
was used to estimate infection frequency. The percentage of regressive FelV
infections was determined by PCRr of an env gene segment. Some FelV am-
plified products were sequenced with the Sanger method and used to con-
struct a phylogenetic tree. The predominant FelV and fiv clinical infection
findings were gingivitis, gingivostomatitis, periodontal disease and anemia.
We found a 10% infection frequency for FelV by antigen detection,
and 17% for Fiv by antibodies detection. Pcr frequency detection for FelV was
5809, and 52% were regressive infections. The phylogenetic analysis identified
sequences associated with FelV-A, and endogenous or recombinant FelV
that had not previously been identified in México. The frequency of infection
by both retroviruses was higher in Mérida, Yucatén, than those described
in previous studies. Cats with FelV predominantly had regressive infections,
but the role that endogenous or recombinant retroviruses play in disease
development remains unknown.
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Introduction

Feline leukemia and feline immunodeficiency viruses (FelV and Fiv, respectively)
belong to the family Retroviridae, and to the Gammaretrovirus and Lentivirus genus
respectively.(1"") Their viral structure is composed of an envelope, and icosahedral
nucleocapsid, a positive sense RNA strand, and enzymes such as reverse transcrip-
tase. Retroviruses are characterized by inserting their DA into the host genome
(provirus) and can remain latent for a long time.(®)

FelV and Fiv have three main genes: gag, pol, and env, that respectively en-
code nucleocapsid, capsid and matrix proteins, enzymes that participate in rep-
lication, and envelope proteins. At the 3’ and 5’ ends, they have two terminal
untranslated regulatory regions (Trs).( ©) FelV can recombine with endogenous
sequences and forming new pathogenic subtypes.() The main subtypes described
are FelV-B, C, T, D and TG35, and they have been associated with the development
of lymphomas, leukemia, red cell aplasia, and immunosuppression, among others.
FelV produces two types of infections: progressive (active bone marrow infection
with viremia) and regressive (latency in bone marrow without viremia).(!: ©) On the
other hand, Fiv induces an acquired immunodeficiency syndrome (aiDs) by reduc-
ing the number and function of cd4+ T-lymphocytes.(®)

Antigen (FelV) and antibody (FIv) detection using commercial tests based on
lateral flow immunochromatography (L) is the most widely used in veterinary clin-
ics and hospitals.(!% 1) FelV diagnosis using this methodology is uncapable of
identifying regressive infections.('2) On the other hand, antibody detection is con-
sidered adequate for Fiv infection identification because the host does not eliminate
the infection.('3) Nowadays, a 76% FelV prevalence has been described for cats
from central Mexico, while 7.5% FelV and 2.5% Fiv prevalences have been reported
in Mérida, Yucatan.(!*) No previous studies have assessed descriptions of clinical
findings, molecular diagnoses and FelV genetic characterization in infected cats from
Mérida. The aim of our study was to describe FelV and Fiv infection clinical findings,
estimating their frequency through antigen, antibody and proviral bnA detection, and
to identify prevalent FelV genotypes in domestic cats from Mérida, Yucatan, Mexico.

Materials and methods

Study animals

The study was cross-sectional from July to September 2019, and included 100
domestic cats under treatment at different veterinary centers (Figure 1) in Mérida,
Yucatan, Mexico (latitude North 20° 58" 01"; longitude West 89° 37' 28"). Study
inclusion criteria were: cats of 6 months of age and up, without recent vaccination
against FelV and presenting any clinical signs of infection related to feline retrovirus.
Written informed consent was obtained from the legal guardians or owners of each
cat described in this study.

Sample collection

Three milliliters of blood were obtained from each cat either by jugular or cephalic
venipuncture, using a sterile plastic syringe (21 x 1 1/2"; BD, usA) or introcan
catheter (22G; B Braun, Germany), and stored in tubes with anticoagulant (EDTA).
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Fig. 1: Location of the veterinary clinics in the city of Mérida, Yucatan, Mexico, that participated in the study.
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Peripheral blood leukocytes (PBL) were separated from 2ml of each blood sample
using centrifugation at 3000 rpm for 15 minutes at 25°C. pbls were stored at -70°C
in cryovials (Corning, usa) until use. The remaining 1ml of whole blood was used to
perform quantitative hemograms (KontrolLab BC 7000 Plus Desego, Mexico) and
lateral flow immunochromatography tests (LF1). These tests convey a FelV sensitivi-
ty of 92.9% and specificity of 96.5%, and an Fiv sensitivity of 93.8% and specificity
of 93.4% (Witness, Zoetis. usa) when following the manufacturer's instructions.

PCR

We used previously described pcr amplification conditions and primers,(!) that
generate a 508 bp amplicon of the Fel\V env region. Lastly, we purified 10 pcr pos-
itive samples selected for greater intensity in amplification, and bNA quantified by
spectrophotometry, using a NanoDroplLite 2000 (Thermo Scientific, Waltham, MA.
usA) with the FavorPrep™ GeL/pcRr Purification Kit (Farvorgen, Ping-Tung, Taiwan).
These were sent to the Biotechnology and Prototypes laboratory of the Fes-Iztacala,
UNAM for sequencing by the Sanger method.

Phylogenetic FelV analysis

We researched the phylogenetic history of FelV sequences using Maximun Like-
lihood inference and Kimura 2-parameter model.(!>) A discrete Gamma distribu-
tion was used to model evolutionary rate differences between sites. This analysis
involved 40 nucleotide sequences and included 1st + 2nd + 3rd + Noncoding
codon positions. Evolutionary analyses were conducted in Meca x.(1©) The statistical
confidence of the topology of the phylogenetic tree was secured with bootstrap
values of 100 repetitions. Nodes with bootstrap values above 70 were considered
significant. We included partial FelV sequences (both exogenous and endogenous)
from domestic and wild cats infected in different countries that are available in
GenBank (TableT).

Statistical analysis

Statistics were run in Windows Excel. We divided the number of positive cases
by the total number of cats in the study to calculate the frequency obtained by LFi
and Pcr.

Results

Clinical and hematological findings in cats infected

with FeLV or FIV

The clinical signs identified in 90% of the FelV antigen positive cats (n= 10)
included gingivitis, gingivostomatitis or periodontitis, and dental tartar or bacterial
plaque (Figure 2). All cats had palpable lymph nodes and half had upper respiratory
disease. In the hemogram, 70% presented thrombocytopenia and 50% had anemia
(Table 2).
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Table 1. Accession numbers for endogenous and exogenous FelV sequences available in GenBank,
and used for the construction of the phylogenetic tree

KY751005
LC196053.1
LC198317.1
AY364319.1
AY364318.1

KY751001
LC196054.1
JF957363.2
KR030130.1
KRO30110.1
KR030120.1

KRO30093
KR030098.1
KR0O30134.1

M18247.1
AF403716.1
KR349469.1
AF052723.1

VO1172.1
KP728112.1
F436991.1

M14331.1

J03448.1
MF681664.1
AB635483.1
MF681669.1

MG020273.1
EU189490.1
MF681672.1

Endogenous Liu and Sun“9)
Endogenous Takeuchi and Nishigaki©>%)
Endogenous Takeuchi and Nishigaki(*9)
Endogenous Roca et al.(>7)
Endogenous Roca et al.7)
Endogenous Liu and Sun“9)
Endogenous Takeuchi and Nishigaki>%)
Endogenous Stewart et al.(58)
Endogenous Ramirez et al.(")
Endogenous Ramirez et al.(1)
Endogenous Ramirez et al.(1)
Endogenous Ramirez et al.(1)
Endogenous Ramirez et al.(1)
Endogenous Ramirez et al.(1)
Exogenous Donahue et al.(4%)
Exogenous Anderson et al.(4%)
Exogenous Filoni et al.(46)
Exogenous Chen and Roy-Burman(“*”)
Exogenous Elder and Mullins(*®)
Exogenous Helfer-Hungerbuehler et al.(9)
Exogenous Shalev et al.o9)
Exogenous Riedel et al.®")
Exogenous Nicolaisen-Strouss et al.(52)
Exogenous Chiu et al.(>*)
Exogenous Watanabe et al.(>)
Exogenous Chiu et al.(53)
Exogenous Chiu et al.(53)
Exogenous Brown (®%)
Exogenous Chiu et al.5%)

In the case of cats that were pcr FelV positive (n= 58; Figure 3), 68.96% pre-
sented gingivitis, gingivostomatitis or periodontitis, bacterial plaque or dental tartar,
94.82% had palpable lymph nodes, and 48.27% had upper respiratory tract signs.
Other prominent signs were 39.65% with pale mucous membranes, 32.75% with
poor body condition, 34.48% with dermatological lesions, and 32.75% had ecto-
parasites. In the hemogram, 43.10% presented thrombocytopenia or lymphocyto-
sis, 41.37% anemia, and 37.93% leukocytosis (Table 2).

In FIv-seropositive cats (n = 17), 64.7% presented gingivitis, gingivostomatitis
or periodontitis, 100% had dental tartar or bacterial plaque and palpable lymph
nodes, 70.58% had upper respiratory tract signs, 52.94% had abdominal pain,
41.17% had ectoparasites present or poor body condition, and 35.29% had non-
specific signs. In the hemogram, 58.82% showed anemia, 64.7% thrombocytope-
nia, and 35.29% leukocytosis or lymphocytosis (Table 2).
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Figure 2. Different clinical findings in retrovirus positive cats. A) Severe gingivitis and mucopurulent nasal discharge (Fiv+ / FelV+ PCR).
B) Pale gums, dental tartar and bacterial plaque (antigen and pcr FelV+). C) Periodontal disease (Fiv+ / PCR FelV+). D) Spontaneous
abortion (antigen and pcr FelV+). E) Anisocoria (antigen and PCrR FelV+); F) Anisocoria and vestibulitis (antigen and pcr FelV+). G)
Felicola spp. (FIv+ / PCR FelV+). H) Otodectes spp. (PCR FelV+). I) Bilateral uveitis (Fiv+ / PCR FelV+). J) Tick bite (Fiv+ / PCR FelV+).
K) Severe cachexia and pain (PcrR FelV+). L) Bite (PcrR FelV+). M) Gingivitis, halitosis and ptyalism (Pcr FelV+). N) Canker sore and
faucitis (FIv+ / PCR and antigen FelV+).
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Table 2. Frequency of clinical and hematological findings in cats infected with FelV and/or Fiv

[ e [ ey [ arar
17 10 58

Nonspecific signs (fever, anorexia, wasting) 35.29 40 2758
Pale gums 29.41 40 39.58

Gingivitis, gingivostomatitis or periodontitis 64.70 90 68.96
Bacterial plaque or dental tartar 100 90 84.48
Cachexia or low body condition 41.17 40 32.75
Palpable lymph nodes 100 100 94.82
Upper respiratory signs 70.58 50 48.27
Ophtalmological signs 11.76 8.62
Neurological signs 20 5.17
Dermatological signs 35.29 - 34.48

Bite history 29.41 20 17.24
Gastrointestinal signs — 10 6.89
Abdominal pain 52.94 40 34.48

Lower urinary tract signs 5.88 10.34
Ectoparasites 41.17 10 32.75

Abortion history - 10 3.44
Anemia 58.82 50 41.37
Leukocytosis 35.29 40 3793
Leukopenia 11.76 10 5.17
Lymphocytosis 35.29 30 43.10
Monocytosis 5.88 18.96
Granulocytosis 11.76 10 13.79
Thrombocytopenia 64.70 70 43.10

LFI = lateral flow immunochromatography; FelV = feline leukemia; Fiv = feline immunodeficiency

”lmmmmm-
SR O EOT RO SRS

Figure 3. Agarose gel (1%) stained with ethidium bromide and some of the amplified 508 bp products from the FelV env
region. Lane 1: bp marker; lane 2: positive control; lanes 3-12 and 14-17: positive samples; lanes 13, 18 and 19, negative
samples; lane 20: negative control.
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Table 3. Integration of positive (+) and negative (-) results obtained in diagnostic tests that detect antigen,
antibodies, and proviral bNA in cats infected with retrovirus

Results in lateral flow immunochromatography and PCR

Antigen +FelV + FelV + FelV + FelV - FelV - FelV - FelV
Antibodies + FIV - FIV - FIV + FIv + FIV - FIV + FIv
Proviral DNA + FelV + FelV - FelV - FelV + FelV + FelV - FelV
Absolute frecuency (2/100) (4/100) (3/100) (1/100)  (12/100)  (40/100)  (2/100)

FelV = feline leukemia; Fiv = feline immunodeficiency

Frequencies of feline retroviral infections

The commercial LI test found 10% (10/100) of cats were positive for FelV anti-
gen, and 17% (17/100) tested positive for antibodies against Fiv. In the case of
the FelV env pcr (Figure 3), 58% (58/100) of cats tested positive. Of these, 90%
(52/58) had regressive FelV infection, and 70% (40/58) of these did not have
coinfection with Fiv. In PCR positive cats, 26% (15/58) were coinfected, and only
3% (3/100) were only positive to LFI test to Fiv (Table 3).

Characteristics of FeLV and/or FIV positive cats
Most of the FelV antigen-positive cats were males, outdoor, uncastrated, or juvenile.
Most FIv positive cats were males and outdoor cats; 52.94% were uncastrated and
we identified more positive young animals than either adults or geriatric cats. Most
of the Pcr-positive cats were outdoor cats or juveniles, 56.89% were males, and
the proportion was similar between castrated and whole.

Genotyping

The sequences obtained in this study are available from GenBank under accession
numbers MW698945-MW698953. In the phylogenetic tree, we observed that one
of the sequences (15G) was associated with FelV-A and B sequences. The rest
of the study sequences were associated with endogenous FelV sequences from
other countries, but not with endogenous FelV sequences previously described in
Mexico. These were associated in an independent clade (Figure 4).

Discussion

In this study, we determined the frequency of FelV and Fiv infection in sick cats
from Mérida, Yucatén for the first time using LFI, and the frequency of regressive
FelV infections via PCR. The most frequent clinical findings related to feline retro-
virus infection and the characterization of the prevalent FelV genotypes are also
described for the first time. We found infection frequency estimated by LFi (10%
for FelV and 179% for Fiv) was higher than previously reported in healthy cats from
Mérida (7.5% for FelV and 3.5% for Fiv) by Ortega-Pacheco et al.(!”) On the other
hand, infection frequency was lower than that described in other studies of sick cats
carried out in other regions such as Italy (18% FelV and 24% Fv) by Bandecchi et
al,(17) Madrid, Spain (30.4% FelV and 13.9% FIv) by Arjona et al.,('®) and Zagreb,
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Figure 4. Phylogenetic tree constructed with the maximum likelihood method, including partial FelV env gene sequences
obtained from domestic cats in Mérida, Yucatan, Mexico, (e) and partial endogenous and exogenous FelV subtype
sequences available in GenBank. Red: endogenous associated sequences, purple: exogenous associated sequence.
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Croatia (18.22% FelV and 20.88% Fiv) by Perhari¢ et al.(*) In contrast, the frequen-
cy of feline retrovirus infection was higher than that identified in Japan (2.9% FelV
and 9.8% FIv) by Maruyama et al.,('9) and Canada (4.6% FelV and 5.5% Fv) by
Ravi et al.(29) Our findings were closer to those described in the United Kingdom
(6.9% FelV and 16.7% Fiv) by Muirden.?!) Geographic region, cat traits, number
of animals studied, and diagnostic tests used may influence the discrepancy be-
tween studies.(?2)

Possible false negatives may bias the Fiv frequency we detected, since the anti-
bodies are detectable 2-6 weeks after infection.: ') The host cannot eliminate Fiv
infection following exposure to the virus,('*) which represents a diagnostic advan-
tage for serological tests. However, titers may be considerably decreased during the
clinical phase of infection (aIDs), and lymphopenia in this phase would also make
it difficult to detect proviral DNA by Pcr.(2 12)

Barely 2% of the population was exclusively positive to Fiv, while 88.23% of
cats positive for Fiv were coinfected with FelV. It is necessary to carry out more
studies to elucidate whether coinfections favor any of the clinical presentations
associated with feline retrovirus infection, as in our study where the presence of
palpable lymph nodes, periodontitis, dental or bacterial tartar, gingivitis and throm-
bocytopenia were identified in more than 64% of cats.

These pathologies differed from those reported in cats from Argentina, where
42.9% of cats with FelV and/or Fiv had ulcers or gingivitis.('2) Persistent gingivo-
stomatitis is common in both infections due to immunosuppression or immuno-
depression. FelV causes direct cytopenias in bone marrow, while Fiv decreases the
number of Tcp4+ lymphocytes.(> 9 13, 23) This favors changes in oral microbiota,
facilitating colonization and chronic-antigenic stimulation by other microorganisms.
(%) The finding of swollen lymph nodes cannot be solely attributed to retroviruses,
since antigenic recognition of pathogens by dendritic cells and macrophages acti-
vate lymphocytes located in these organs. However, they can be tissue reservoirs
for the active Fv replication in chronic stages.(® 2°)

Anemia (50%) in FelV antigen-positive cats was similar to reports from Spain
(50%) by Bandecchi et al,('”) and Iran (55%) by Akhtardanesh et al, (2 but
thrombocytopenia (70%) was higher than a Brazilian report (42.2%) by da Costa
et al.2”) Both findings are common in FelV infection due to direct bone marrow
cytopenias, but this virus more strongly affects erythroid precursors during hemo-
globin synthesis, among other mechanisms such as leukemia, myelodysplasia, and
erythroid aplasia.(> 28 29) However, automated blood counts overestimate throm-
bocytopenia prevalence fourfold, in addition to the fact that platelet aggregation
is common in cats.9) Therefore, it is important to include manual counts in the
feline hemograms.

Unlike the report by Akhtardanesh et al,(2%) that identified 7.4% of cats with
weight loss or anorexia, our study found a considerable percentage of cats with Fiv
presented ectoparasites, poor body condition or nonspecific signs (fever, decay and
anorexia). Nonspecific signs can be attributed to Fiv because they occur in the acute
phase (6-8 weeks post-exposure),? 9 and antibodies are detectable before clini-
cal signs appear, however, more studies are required. Despite the fact that Fiv has a
high degree of neurotropism,®! 32) our study did not identify neurological damage
in FIv-positive cats, possibly because a low percentage (up to 5.3%) has been
described as manifesting nervous affection.(>3) Our data on anemia (58.829%) and
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thrombocytopenia (64.70%) were higher than those described for cats in Brazil
(32% anemia; 35% thrombocytopenia) by da Costa et al.,?7) but only 2% were
exclusively positive for Fiv. Anemia may be more associated with FelV infection
and/or poor body condition, and thrombocytopenia, as already mentioned, may
be overestimated.

The difference between positive frequencies found by LFi and PcRr in FelV in-
fection detection are due to PCR having greater sensitivity for detecting lymphocyte
and monocyte proviral DNA, even during regressive infection, and not depending
on the viremia phase.(l" 12 %) Regressive infections are the most common and
cannot be diagnosed with antigen-detection tests.(>>) Up to 52% of the cats in this
study had regressive infection, equivalent to 89.65% of the population of PCrR-pos-
itive animals. Antigen detection considerably underestimates the frequency of FelV
infection in both sick and healthy cats. This would mean high numbers of false neg-
atives with the LFI test, and for a long time in the life of the hosts, with chronic viral
effects on bone marrow that can have fatal consequences on the immune and/or
hematopoietic system. It is also possible that the lack of sensitivity is linked to the
viral genetic subtype that is used for the design of the LFi tests available in Mexico.
All of these tests are made in other countries and do not necessarily represent the
infectious viral genotype present in Mexican cats.

The FelV pcr frequency (58%) we found was lower than what had previously
been reported in healthy cats from central Mexico (76%) by Ramirez et al.(l) This
may be related to the fact that many cats that appear clinically healthy may be in
a regressive phase.(19) Additionally, the pcr frequency we found was higher than
others, such as a study in Argentina (11.82%) by Galdo-Novo et al.,(12) where they
used a Pcr to amplify the U3 region of the LTR. Their PcrR was designed to only rec-
ognize the FelV-A genotype with 100% sensitivity, but it did not detect endogenous
FelV sequences,3®) which it was where the majority was found in our study. The
heterogenicity of the env gene makes it possible to differentiate endogenous and
exogenous retroviruses, as it is the least conserved FelV region and it's involved
in recombination.(: © The primers used to amplify the env gene in the study pPcr
maintain 70% identity with exogenous FelV.(") Thus, it is possible that the sequenc-
es identified in the study are related to recombinant FelV and that the amplified
region has a greater similarity with endogenous FelV sequences.

One of the sequences obtained in the study was associated with reference
FelV-A and/or B sequences, while the rest of the sequences were associated with
endogenous FelV reported in other studies.>7-49) FelV-A recombination with en-
dogenous FelV sequences generates various pathogenic subtypes.(!: 7 1) Endog-
enous retroviruses are part of cat evolutionary history, and they are endogenous
ancestral infections that cannot replicate or be pathogenic without FelV-A (42, 43)
However, complete endogenous FelVs have been identified that could comple-
ment each other and have replicative capacity.(*2) To date, much remains unknown
about the role of endogenous FelV in the pathogenic process caused by exogenous
FelV, but they participate in recombination. The endogenous-like sequences found
in the study were grouped in a different clade from endogenous sequences pre-
viously described in Mexico, and had greater affinity with sequences identified in
China by Liu and Sun (2017),49) Japan by Takeuchi and Nishigaki,>%) the United
States by Roca et al.,(>”) and the United Kingdom by Stewart et al.(58) This shows
the need for studies that clarify the role of endogenous FelV in the history of do-
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mestication or evolution, the development of tools to differentiate FelV recombi-
nants, and the possible involvement of endogenous FelV in disease generation in
cats from Mérida, Yucatan.

Conclusions

FelV and Fiv detection frequencies through LFi were higher than previously reported
in healthy cats from Mérida, Yucatén. Regressive type infection was predominant in
cats with FelV. Coinfection with both feline retroviruses was more common than
isolated infections. The most common clinical findings were gingivitis, periodontitis,
and anemia. Phylogenetic analysis revealed endogenous FelV or recombinant FelV
sequences not previously described in Mexico and their role in the disease process
in domestic cats is unknown.



http://veterinariamexico.unam.mx Clinical findings of feline retroviruses

DOI: http://dx.doi.org/10.22201/fmvz.24486760e.2022.998
Vol.91 2022

Acknowledgments

We want to thank Master of Science Carlos Cen Cen for his unconditional support
in this study, and veterinarians Julio Pérez, Andrea Flores, Cecilia Rodriguez, Maryel
Santos, César Silveira, Rosa Uicab, Carlos Aguilar, Anahi Caro, Carolina Ancona,
Maritza Campos, Jocelyn Martinez and Victor May for giving us the opportunity to
sample the study cats.

Funding
This study was funded by the PIAPI2041 project, FESC, UNAM. This research was
conducted as part of the main author's master's thesis.

Conflicts of interest
The authors declare no potential conflicts of interest with respect to the research,
authorship, and/or publication of this article.

Author contributions

Conceptualization, M.C.C., M.E.B. and H.R.,; methodology, M.C.C and G.EA.; formal
analysis, M.C.C, M.EB,, L.C,, A. R. and H.R; investigation, M.C.C,, G.EA, L. C, A.R. and
M.E.B.; resources, H.R. and M.E.B.; writing original draft preparation, M.C.C,, M.E.B.,
G.EA. and H.R.; writing review and editing, all authors; supervision, H. R. and M.E.B;
funding acquisition, H. R. and M.E.B. All authors have read and agreed to the pub-
lished version of the manuscript.

Ethical approval

The study was approved by Campus de Ciencias Bioldgicas y Agropecuarias, Uni-
versidad Auténoma de Yucatdn (ccBA-UADY) Bioethics Committee (registration
number CB-CCBA-M-2019-007).

Consent to participate

Informed consent (either verbal or written) was obtained from the owner or legal
custodian of all animal (s) described in this work (either experimental or non-ex-
perimental animals) for the procedure(s) undertaken (either prospective or retro-
spective studies). No animals or humans are identifiable within this publication, and
therefore additional informed consent for publication was not required.

References

1. Ramirez H, Autran M, Garcla MM, Carmona MA, Rodriguez C, Martinez HA.
Genotyping of feline leukemia virus in Mexican housecats. Archives of Virology.
2016;161:1039-1045. doi: 10.1007/s00705-015-2740-4.

2. Beatty J. Feline immunodeficiency virus infection. In: Ettinger SJ, Feldman EC,
Coté E, editors. Textbook of Veterinary Internal Medicine. St. Louis, Missouri:
Elsevier; 2017. p. 2422-2423.

3. Pan M-Q, Wang J-C, Wang Y-J. The prevalence and genetic diversity of feline
immunodeficiency virus and feline leukemia virus among stray cats in Har-
bin, China. Turkish Journal of Zoology. 2018;42(2):245-251. doi: 10.3906/
z00-1706-3.



http://veterinariamexico.unam.mx Clinical findings of feline retroviruses

DOI: http://dx.doi.org/10.22201/fmvz.24486760e.2022.998
Vol.91 2022

4. Perhari¢ M, Staresina \, Turk N, Barbi¢ L, Stritof Z, Hadina S, et al. The epidemiol-
ogy features of retroviral infections in domestic cats from the Zagreb urban area.
Veterinarski arhiv. 2018;88(3):345-354. doi: 10.24099/vet.arhiv.170406b.

5. Maclachlan NJ, Dubovi EJ. Fenner's veterinary virology. 5th. ed. London, U.K.:
Academic Press; 2017.

6. Chiu ES, Hoover EA, VandeWoude S. A Retrospective Examination of Feline Leu-
kemia Subgroup Characterization: Viral Interference Assays to Deep Sequenc-
ing. Viruses. 2018;10(1). doi: 10.3390/v10010029. PMCID: PMC5795442.

7. Kawamura M, Watanabe S, Odahara Y, Nakagawa S, Endo Y, Tsujimoto H, et
al. Genetic diversity in the feline leukemia virus gag gene. Virus Research.
2015;204:74-81. doi: 10.1016/].virusres.2015.04.008.

8. Kawasaki J, Nishigaki K. Tracking the Continuous Evolutionary Processes of an
Endogenous Retrovirus of the Domestic Cat: ERV-DC. Viruses. 2018;10(4). doi:
10.3390/v10040179. PMCID: PMC5923473.

9. Eckstrand CD, Sparger EE, Murphy BG. Central and peripheral reservoirs of
feline immunodeficiency virus in cats: a review. Journal of General Virology.
2017;98:1985-1996. doi: https://doi.org/10.1099/jgv.0.000866.

10. Hartmann K, Levy JK. Feline leukemia virus infection. In: Ettinger SJ, Feldman EC,
Coté E, editors. Textbook of Veterinary Internal Medicine 8th Edition. St. Louis,
Missouri: Elsevier; 2017. p. 2442-2455.

11. Aiyaranoi K, Boonchalaew N, Chawnan N, Chotikul S, Kampa J. Prevalence of
feline immunodeficiency virus & feline leukemia virus in clinically healthy cats in
Khon Kaen province. Thai Journal of Veterinary Medicine. 2018;48(1):117-121.

12. Galdo Novo S, Bucafusco D, Diaz LM, Bratanich AC. Viral diagnostic criteria
for Feline immunodeficiency virus and Feline leukemia virus infections in do-
mestic cats from Buenos Aires, Argentina. Revista Argentina de Microbiologia.
2016;48(4):293-297. doi: 10.1016/j.ram.2016.07.003.

13. Kennedy M, Little SE. Viral diseases. In: Little SE, editor. The cat clinical medicine
and management. St. Louis, Missouri: Elsevier Saunders; 2012. p. 1029-1070.

14. Ortega-Pacheco A, Aguilar-Caballero AJ, Colin-Flores RF, Acosta-Viana KY, Guz-
man-Marin E, Jimenez-Coello M. Seroprevalence of feline leukemia virus, feline
immunodeficiency virus and heartworm infection among owned cats in tropi-
cal Mexico. Journal of Feline Medicine and Surgery. 2014;16(6):460-464. doi:
10.1177/1098612X13509995.

15. Kimura M. A Simple Method for Estimating Evolutionary Rates of Base Sub-
stitutions Through Comparative Studies of Nucleotide Sequences. Journal of
Molecular Evolution. 1980;16:111-120.

16. Kumar S, Stecher G, Li M, Knyaz C, Tamura K. MEGA X: Molecular Evolution-
ary Genetics Analysis across Computing Platforms. Molecular Biology and
Evolution. 2018;35(6):1547-1549. doi: 10.1093/molbev/msy096. PMCID:
PMC5967553.

17. Bandecchi P, Matteucci D, Baldinotti F, Guidi G, Abramo F, Tozzini F, et al. Preva-
lence of feline immunodeficiency virus and other retroviral infections in sick cats
in ltaly. Special Issue: 10th International Feline Retrovirus Research Symposium
2010. 1992;31(3-4):337-345. doi: 10.1016/0165-2427(92)90020-q.

18. Arjona A, Escolar E, Soto |, Barquero N, Martin D, Gomez-Lucia E. Seroepide-
miological survey of infection by feline leukemia virus and immunodeficiency



http://veterinariamexico.unam.mx Clinical findings of feline retroviruses

DOI: http://dx.doi.org/10.22201/fmvz.24486760e.2022.998
Vol.91 2022

virus in Madrid and correlation with some clinical aspects. Journal of Clinical
Microbiology. 2000;38(9):3448-3449. PMCID: PMC87403.

19. Maruyama S, Kabeya H, Nakao R, Tanaka S, Sakai T, Xuan X, et al. Seroprev-
alence of Bartonella henselae, Toxoplasma gondii, Fiv and FelV Infections in
Domestic Cats in Japan. Microbiology and Immunology. 2003;47(2):147-153.
doi: 0.1111/}.1348-0421.2003.tb02798.x.

20. Ravi M, Wobeser GA, Taylor SM, Jackson ML. Naturally acquired feline immuno-
deficiency virus (FIv) infection in cats from western Canada: Prevalence, disease
associations, and survival analysis. Canadian Veterinary Journal. 2010;51(3):271-
276. PMCID: PMC2822370.

21. Muirden A. Prevalence of feline leukaemia virus and antibodies to feline immu-
nodeficiency virus and feline coronavirus in stray cats sent to an RSPCA hospital.
Veterinary Record. 2002;150(20):621-625. doi: 10.1136/vr.150.20.621.

22. lacerda LC, Silva AN, Freitas JS, Cruz RDS, Said RA, Munhoz AD. Feline immu-
nodeficiency virus and feline leukemia virus: frequency and associated factors in
cats in northeastern Brazil. Genetics and Molecular Research. 2017;16(2). doi:
10.4238/gmr16029633.

23. Gonzalez SA, Affranchino JL. Properties and Functions of Feline Immunodefi-
ciency Virus Gag Domains in Virion Assembly and Budding. Viruses. 2018;10(5).
doi: 10.3390/v10050261.

24, Azocar-Aedo L, Monti G. Risk factors for seropositivity to feline retrovirus-
es among owned domestic cats in Valdivia, southern Chile. Current Science.
2018;114(7):1548-1553. doi: https://www.jstor.org/stable/26495512.

25. Eckstrand CD, Hillman C, Smith AL, Sparger EE, Murphy BG. Viral Reservoirs
in Lymph Nodes of Fiv-Infected Progressor and Long-Term Non-Progressor
Cats during the Asymptomatic Phase. PLoS One. 2016;11(1):e0146285. doi:
10.1371/journal.pone.0146285.

26. Akhtardanesh B, Ziaali N, Sharifi H, Rezaei S. Feline immunodeficiency virus,
feline leukemia virus and Toxoplasma gondii in stray and household cats in
Kerman-Iran: seroprevalence and correlation with clinical and laboratory find-
ings. Research in Veterinary Science. 2010;89(2):306-310. doi: 10.1016/j.
rvsc.2010.03.015.

27. Costa FVAd, Valle SdF, Machado G, Corbellini LG, Coelho EM, Rosa RB, et al.
Hematological findings and factors associated with feline leukemia virus (FelV)
and feline immunodeficiency virus (FIv) positivity in cats from southern Bra-
zil. Pesquisa Veterindria Brasileira. 2017;37(12):1531-1536. doi: 10.1590/
s0100-736x2017001200028.

28. Villiers E. Disorders of erythrocytes. In: Villiers E, Ristic J, editors. BSAVA Manual
of Canine and Feline Clinical Pathology. 3rd. edn. ed. Aberystwyth, United King-
dom: BSAVA; 2016. p. 38-66.

29. Jhons JL. Immune-mediated and other nonneoplastic white blood cell disor-
ders. In: Ettinger SJ, Feldman EC, Coté E, editors. Textbook of Veterinary Internal
Medicine 8th Edition. St. Louis, Missouri: Elsevier; 2017. p. 2137-2150.

30. Ellis J, Bell R, Barnes DC, Miller R. Prevalence and disease associations in feline
thrombocytopenia: a retrospective study of 194 cases. Journal of Small Animal
Practice. 2018;59(9):531-538. doi: 10.1111/jsap.12814.



http://veterinariamexico.unam.mx Clinical findings of feline retroviruses

DOI: http://dx.doi.org/10.22201/fmvz.24486760e.2022.998
Vol.91 2022

31. Meeker RB, Hudson L. Feline Immunodeficiency Virus Neuropathogenesis: A
Model for HIV-Induced CNS Inflammation and Neurodegeneration. Veterinary
Science. 2017;4(1). doi: 10.3390/vetsci4010014.

32. Power C. Neurologic disease in feline immunodeficiency virus infection: disease
mechanisms and therapeutic interventions for NeuroAIDS. Journal of Neurovi-
rology. 2018;24(2):220-228. doi: 10.1007/513365-017-0593-1.

33. Liem BP, Dhand NK, Pepper AE, Barrs VR, Beatty JA. Clinical Findings and Sur-
vival in Cats Naturally Infected with Feline Immunodeficiency Virus. Journal of
Veterinary Internal Medicine. 2013;27:798-805. doi: https://doi.org/10.1111/
Vim.12120.

34. Radford A, Dawson S. Diagnosis of viral infections. BSAVA Manual of Canine
and Feline Clinical Pathology: British Small Animal Veterinary Association; 2016.
p. 533-548.

35. Helfer-Hungerbuehler AK, Cattori V, Boretti FS, Ossent P, Grest P, Reinacher M,
et al. Dominance of highly divergent feline leukemia virus A progeny variants in
a cat with recurrent viremia and fatal lymphoma. Retrovirology. 2010;7:14. doi:
10.1186/1742-4690-7-14.

36. Hofmann-Lehmann R, Huder JB, Gruber S, Boretti F, Sigrist B, Lutz H. Feline
leukaemia provirus load during the course of experimental infection and in nat-
urally infected cats. Journal of General Virology. 2001;82:1589-1596.

37. Roca AL, Pecon-Slattery J, O'Brien SJ. Genomically Intact Endogenous Feline
Leukemia Viruses of Recent Origin. Journal of Virology. 2004;78(8):4370-
4375. doi: 10.1128/JV1.78.8.4370-4375.2004.

38. Stewart H, Jarrett O, Hosie MJ, Willett BJ. Are endogenous feline leukemia
viruses really endogenous? Special Issue: 10th International Feline Retro-
virus Research Symposium 2010. 2011;143(3):325-331. doi: 10.1016/].
vetimm.2011.06.011.

39. Takeuchi D, Nishigaki K. Discover of intact endogenous feline leukemia retro-
virus. Japan: Yamaguchi University, Joint Faculty of Veterinary Medicine; 2016.

40. Liu Q, Sun D. New type | feline coronavirus (FCoV-l) and co-infection of FCoV-I
with feline leukemia virus are responsible for the occurrence of feline infectious
peritonitis in China. China: Heilongjiang Bayi Agricultural University; 2017.

41. Gorrell C. Determination of feline leukemia proviral sequences in naturally in-
fected cats. Senior Honor Thesis. Michigan: Eastern Michigan University; 2016.

42. Anai Y, Ochi H, Watanabe S, Nakagawa S, Kawamura M, Gojobori T, et al. In-
fectious endogenous retroviruses in cats and emergence of recombinant virus-
es. Journal of Virology. 2012;86(16):8634-8644. doi: 10.1128/JV1.00280-12.
PMC3421742.

43. Zhuo X, Feschotte C. Cross-Species Transmission and Differential Fate of
an Endogenous Retrovirus in Three Mammal Lineages. PLoS Pathogens.
2015;11(11):€1005279. doi: 10.1371/journal.ppat.1005279.

44. Donahue PR, Hoover EA, Beltz GA, RiedelN, Hirsch VM, Overbaugh J, Mullins
JI. Strong sequence conservation among horizontally transmissible, minimally
pathogenic feline leukemia viruses. J Virol. 1988;62(3):722-731. doi: 10.1128/
IVI.62.3.722-731.1988.

45. Anderson MM, Lauring AS, Robertson S, Dirks C, Overbaugh J. Feline Pit2
Functions as a Receptor for Subgroup B Feline Leukemia Viruses. J Virol.
2001;75(22):10563—-10572. doi: 10.1128/JV1.75.22.10563—10572.2001



http://veterinariamexico.unam.mx Clinical findings of feline retroviruses

DOI: http://dx.doi.org/10.22201/fmvz.24486760e.2022.998
Vol.91 2022

46. Filoni C, Helfer-Hungerbuehler AK, Catao-Dias JL, Marques MC, Torres LN, Rein-
acher M, Hofmann-Lehmann R. Putative progressive and abortive feline leuke-
mia virus infection outcomes in captive jaguarundis (Puma yagouaround). Virol
1.2017;14(1):226. doi: 10.1186/512985-017-0889-.

47. Chen H, Bechtel MK, Shi Y, Phipps A, Mathes LE, Hayes KA, Roy-Burman P.
Pathogenicity induced by feline leukemia virus, Rickard strain, subgroup
A plasmid DNA (pFRA). J Virol. 1998;72(9):7048-7056. doi: 10.1128/
JVI.72.9.7048-7056.1998.

48. Elder JH, Mullins JI. Nucleotide sequence of the envelope gene of Gardner-Amn-
stein feline leukemia virus B reveals unique sequence homologies with a mu-
rine mink cell focus-forming virus. J Virol. 1983;46(3):871-880. doi: 10.1128/
JVI1.46.3.871-880.1983.

49. Helfer-Hungerbuehler AK, Spiri AM, Riond B, Grest P, Boretti FS, Hofmann-Leh-
mann R. No benefit of therapeutic vaccination in clinically healthy cats per-
sistently infected with feline leukemia virus. Vaccine. 2015,33:1578—1585.
http://dx.doi.org/10.1016/j.vaccine.2015.02.009

50. Shalev Z, Duffy SP, Adema KW, Prasad R, Hussain N, Willett BJ, Tailor CS. Identifi-
cation of a feline leukemia virus variant that can use THTR1, FLVCR1, and FLVCR2
for infection. J Virol. 2009; 83 (13):6706-6716. doi: 10.1128/JV1.02317-08.

51. Riedel N, Hoover EA, Gasper PW, Nicolson MO, Mullins JI. Molecular analysis
and pathogenesis of the feline aplastic anemia retrovirus, feline leukemia virus
C-Sarma. J. Virol. 1986;60(1):242-250. doi: 10.1128/JV1.60.1.242-250.1986.

52. Nicolaisen-Strouss K, Kumar HP, Fitting T, Grant CK, Elder JH. Natural feline leuke-
mia virus variant escapes neutralization by a monoclonal antibody via an amino
acid change outside the antibody-binding epitope. J Virol. 1987;61(11):3410-
3415. doi: 10.1128/JV1.61.11.3410-3415.1987.

53. Chiu ES, Kraberger S, Cunningham M, Cusack L, Roelke M, VandeWoude S. Mul-
tiple Introductions of Domestic Cat Feline Leukemia Virus in Endangered Florida
Panthers. Emerg Infect Dis. 2019;25(1):92-101. doi: 10.3201/eid2501.181347

54. Watanabe S, Kawamura M, Odahara Y, Anai Y, Ochi H, Nakagawa S, Endo Y,
Tsujimoto H, Nishigaki K. Phylogenetic and structural diversity in the feline leu-
kemia virus env gene. PLoS ONE. 2013; 8(4):E61009. doi: 10.1371/journal.
pone.0061009.

55. Brown MA, Cunningham MW, Roca AL, Troyer JL, Johnson WE, O'Brien SJ. Ge-
netic characterization of feline leukemia virus from Florida panthers. Emerging
Infect Dis. 2008;14(2):252-259. doi: 10.3201/eid1402.070981.



