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Abstract
Background and Aim: Feline leukemia virus (FeLV) is classified as Retroviridae gammaretrovirus. FeLV occurs 
worldwide, including Malaysia. Thus far, only one decade-old study on molecular characterization of Malaysian FeLV 
isolates exists, which resulted in a scarcity of updated information of current FeLV isolates circulating in Malaysia. This 
study was conducted to determine the status of FeLV in clinically ill cats and to study the molecular characterization and 
phylogenetic relatedness of the current isolates.

Materials and Methods: Convenience sampling was performed in 20 cats from the Gasing Veterinary Hospital in Selangor. 
Plasma and saliva samples were collected from 15 clinically ill cats and 5 healthy cats subjected to one-step reverse 
transcription-polymerase chain reaction with primers targeting a highly conserved gene of U3-LTR-gag.

Results: Two clinically ill cats’ plasma and saliva samples tested positive for FeLV RNA. Partial nucleotide sequencing and 
phylogenetic analysis revealed that the current isolates were 94-99% homologous to the previous Malaysian and Japanese 
FeLV isolates.

Conclusion: Current FeLV isolates from this study displayed higher similarity with the previous Malaysian isolates, 
signifying that a similar FeLV strain circulated among the cat population in Selangor.

Keywords: feline leukemia virus, Malaysia, one-step reverse transcription polymerase chain reaction, phylogenetic analysis.

Introduction

Jarrett et al. first described the feline leuke-
mia virus (FeLV) in 1964 [1]. Named Retroviridae 
gammaretrovirus, it is an enveloped, positive-sense, 
and single-stranded RNA virus. FeLV is a naturally 
occurring gammaretrovirus that infects domestic and 
 sporadically feral cats [2-4]. At present, four FeLV sub-
groups of clinical importance exist, namely, FeLV-A, 
FeLV-B, FeLV-C, and FeLV-T. Subgroup FeLV-A 
is found in all naturally infected cats. Meanwhile, 
 subgroup B arises from the recombination of endog-
enous FeLV with FeLV-A. In contrast, FeLV sub-
groups C and T are the mutated forms of FeLV-A [5]. 
Transmission of FeLV mostly occurs through direct 
contact with infected cats’ saliva and nasal secretions, 
predominantly during the sharing of food and water 

dishes, grooming, or aggressive behavior. Vertical 
transmissions may occasionally occur but are of little 
significance [6].

Remarkably, FeLV infection leads to various 
FeLV-related disorders such as the manifestation of 
immunosuppression, lymphoid or myeloid tumors, 
anemia, reproductive problems, immune complexes, 
enteritis, and other secondary disorders [5,6]. The 
infections are divided into four stages: The abor-
tive infection (regressor cats), regressive infection 
 (transient viremia followed by latent infection), pro-
gressive infection (persistent viremia), and focal or 
atypical infection [7]. The disease is highly contagious, 
occurring worldwide. The prevalence greatly varies 
with cats’ geographical distribution, health status, age, 
and population density [8]. Frequently, FeLV diagno-
sis is performed by detection of the p27 antigen using 
commercially available rapid test kits; reverse tran-
scription-polymerase chain reaction (RT-PCR) assay 
testing is rare [9-11]. Conversely, the demonstration 
of the p27 antigen is relatively difficult during early 
viremia and latent infections. Conducted studies show 
that FeLV viral RNA and provirus DNA are better 
predictors of progressive and latent infections, respec-
tively. Consequently, the severity and complexity of 

Copyright: Mummoorthy, et al. Open Access. This article is 
distributed under the terms of the Creative Commons Attribution 
4.0 International License (http://creativecommons.org/licenses/
by/4.0/), which permits unrestricted use, distribution, and 
reproduction in any medium, provided you give appropriate credit 
to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made. 
The Creative Commons Public Domain Dedication waiver (http://
creativecommons.org/publicdomain/zero/1.0/) applies to the data 
made available in this article, unless otherwise stated.

https://orcid.org/0000-0003-2044-7785
https://orcid.org/0000-0002-5217-565X
https://orcid.org/0000-0001-8357-4701
https://orcid.org/0000-0001-7379-0507
https://orcid.org/0000-0002-9324-2417
https://orcid.org/0000-0003-0870-2181
https://orcid.org/0000-0001-6825-198X
https://orcid.org/0000-0001-8848-0704


Veterinary World, EISSN: 2231-0916 406

Available at www.veterinaryworld.org/Vol.14/February-2021/11.pdf

the disease could be reduced by obtaining appropriate 
samples and conducting a more sensitive diagnosis.

Previous studies highlight high prevalence rates 
of FeLV in both owned and free-roaming cat popula-
tions in Malaysia [8,12]. Nevertheless, only one study 
has been carried out on the molecular characterization 
of Malaysian FeLV isolates, performed approximately 
a decade ago.

As limited data exist on the current FeLV strain 
circulating in Malaysia, this study determines the sta-
tus of FeLV in clinically ill cats and studies the molec-
ular characterization and phylogenetic relatedness of 
the current isolates.
Materials and Methods
Ethical approval

Before proceeding with sample collection, 
approval from the Institutional Animal Care and Use 
Committee was obtained with the AUP No: /IACUC/
AUP-FYP.2016/FPV. Informed consent was also 
given to cat owner’s prior sampling.
Study location and period

A total of 20 animals were identified and sam-
pled at the Gasing Veterinary Hospital, Bukit Gasing, 
Petaling Jaya, Selangor in December 2016. Of these, 
15 cats were owned by clients and exhibited a wide 
variety of clinical signs such as respiratory signs (dys-
pnea, sneezing, and coughing), renal disease (dehy-
dration, and halitosis), gastrointestinal signs (vomit-
ing and/or diarrhea), depression, and anorexia. The 
remaining five cats were presented healthy during 
physical examination.
Sampling

Convenience sampling was used in the present 
study. Clinically, ill cats were targeted, and samples 
were obtained only after owner consent allowed sam-
pling. The clinically healthy cats were conveniently 
selected from resident hospital cats, which are usually 
kept for blood donation and mating. About 2 mL of 
blood was collected in EDTA tubes (either through 
cephalic, saphenous, or jugular vein), while oral 
swabs were collected using sterile swab sticks and 
placed immediately in a capped tube to stop it from 
drying out. Further related information regarding the 
cats was also obtained for each individual client in a 
structured form.
RT-PCR analysis

Using innuPREP Virus DNA/RNA Kit (Analytik 
Jena, Germany), RNA from saliva and plasma sam-
ples were extracted according to the manufacturer’s 
instructions. Previously published primers used were 
U3F (5′-ACAGCAGAAGTTTCAAGGCC-3′) and 
G–R (5′-GACCAGTGATCAAGGGTGAG-3′), which 
targeted the U3-LTR-gag region [8]. Amplification of 
RNA from extracted plasma and saliva samples was 
carried out using one-step Access RT-PCR® (Promega, 
USA) in a Mastercycler® gradient thermal cycler 
(Eppendorf, Germany), with an expected amplicon 

size of 770 bp. The thermal cycling parameters for 
amplification of FeLV were set as follows: Reverse 
transcription for 20 min at 45°C and polymerase acti-
vation for 1 min at 95°C, followed by 40 cycles of 10 s 
denaturation at 95°C, 10 s annealing at 52°C, and 30 s 
extension at 72°C. The amplified PCR products were 
analyzed by gel electrophoresis using 1.5% (w/v) aga-
rose gel (Vivantis, Malaysia).
FeLV partial sequencing

RT-PCR product was subjected to DNA sequenc-
ing before it had been purified using the NucleoSpin 
Gel and PCR Clean-up kit (Macherey–Nagel, 
Germany) in ABI PRISM 3730xl Genetic Analyzer 
(Applied Biosystems, USA). The obtained sequences 
were analyzed for homology using the NCBI Basic 
Local Alignment Search Tool (BLAST) algorithm.
Construction of phylogenetic tree

The phylogenetic tree was generated using 
Neighbor-Joining (NJ) with the 1000 bootstrap sam-
pling method using MEGA-7. The Newick Export file 
was generated, and the tree was viewed and edited 
by the Interactive Tree of Life. The tree includes 
sequences from cat-2 UPM_FeLV_boboi-Malaysia 
(GenBank accession number: MW293981) and  cat-14 
UPM_FeLV_brownie-Malaysia (GenBank acces-
sion number: MW293982), as well as 23 other ref-
erence strains of FeLV, downloaded from GenBank® 
(Supplementary Table-1) [12,13-19].
Results

RT-PCR analysis revealed that none of the five 
healthy cats tested positive for FeLV RNA. Meanwhile, 
of the 15 clinically ill cats, two were positive for FeLV 
RNA in both plasma and saliva samples. Figures-1 
and 2 show the gel electrophoresis of the positive 
DNA of the cats aligned with the positive control at 
the band (770 bp). Both cats were male; one of them 
was castrated (a stray free roamer), while the other cat 
was uncastrated and from a multi-cat household.

Figure-1: Reverse transcription-polymerase chain reaction 
assay of saliva of clinically ill cats using specific primer 
targeting U3LRT-gag region of Feline leukemia virus to 
produce 770 bp PCR products. Electrophoresis was carried 
out on 1.5 % (w/v) agarose gel. The target bands were 
conserved for all cats as shown in lane 2 (Cat-2) and lane 
14 (Cat-14). Lane NC: Negative control, Lane PC 2: Positive 
control, Lane M: DNA marker 1kb.
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BLAST analysis revealed that the par-
tial sequence from the current isolates was more 
than 90% identical to FeLV reference sequences 
obtained from the GenBank® (National Center for 
Biotechnology Information, USA). The compari-
son revealed that the partial U3LTR-gag regions of 
the current isolates were 94-99% homologous to the 
previous local isolates. Phylogenetic analysis using 
NJ with the 1000 bootstrap sampling method using 
MEGA-7 demonstrated that current isolates denoted 
as UPM FeLV-Boboi-Malaysia (MW293981) and 
UPM FeLV-Brownie-Malaysia (MW293982) share 
equal branches with the previous Malaysian iso-
lates (UPM isolates). Next, only FeLV-UPM03 

and FeLV-UPM20 formed sister branches with 
FeLV-GM1 (Figure-3).
Discussion

This study primarily targeted clinically ill cats 
by taking plasma and saliva samples for the detection 
of FeLV as well as characterizing the positive iso-
lates molecularly. Early FeLV diagnosis is crucially 
important as the manifestation of the infection is gen-
erally nonspecific. By conducting the study using 
plasma and saliva samples, the indication of the stage 
of FeLV infection was facilitated. Detection of FeLV 
nucleic acid in plasma indicated that the cat might be 
in the early stage of infection (regressive infection) or 

Figure-2: Reverse transcription-polymerase chain reaction assay of plasma of clinically ill cats using specific primer 
targeting U3LRT gag region of Feline Leukemia virus to produce 770 bp PCR products. Electrophoresis was carried out on 
1.5% (w/v) agarose gel. The target bands were conserved for all cats, as shown in Lane 2 (cat 2) and Lane 14 (cat 14). 
Lane NC: Negative control. Lane PC: positive control Lanes 1 to 15 PCR product. The target bands were conserved for lanes 
2 and 14. Lane M: DNA marker 1kb.

Figure-3: Neighbor-joining phylogenetic tree of feline leukemia virus (FeLV) isolates. Bootstrap values were obtained 
from 1000 bootstrap replicates. The scale bar corresponds to 0.01 changes per nucleotide. Current isolates are denoted as 
UPM FeLV-Boboi-Malaysia and UPM FeLV-Brownie-Malaysia (highlighted in red) is share same branches with the previous 
Malaysian isolates (UPM isolates) and only FeLV-UPM03 and FeLV-UPM20 are formed sister-branches with FeLV-GM1 A 
neighbor-joining phylogenetic tree was constructed based on the U3LTR-gag sequences using MEGA7 software. The tree 
reliability was assessed using 1000 bootstrap replicates.
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chronic stage of infection (progressive infection) as 
the presence indicates signs of viremia [5,10]. To dis-
tinguish regressive and progressive infections, periph-
eral blood should be tested at least 16 weeks after 
the first antigen testing, as regressively infected cats 
will turn negative at the latest 16 weeks after infec-
tion, while progressively infected cats will remain 
positive [10]. Meanwhile, the detection of FeLV viral 
nucleic acid in the saliva might indicate the cats are in 
the progressive stage of infection due to the shedding 
of the virus in the saliva [6,10]. In this study, FeLV 
RNA was detected in both the saliva and plasma sam-
ples from two cats, which likely indicates both cats 
were in the progressive stage of infection (also known 
as persistent viremia). These cats prospectively could 
develop FeLV-related disorders and be infectious to 
other cats from active shedding of the virus.

Risk factors associated with the development 
of FeLV in hosts include cats from multi-cat house-
holds and those that are semi- or free roamers [8]. 
Furthermore, the risk is higher for sick cats to be 
infected by FeLV as compared to healthy cats [2,8]. 
Other risk factors may include the neutered status of 
the cats in which intact males are more prone to FeLV 
infection as compared to castrated males [3,8]. In this 
study, one of the cats was a male, castrated, and stray 
(free-roaming cat), while the other cat was an uncas-
trated male from a multi-cat household. Both the cats 
were clinically ill and seemed to fit the increased risk 
factor of FeLV infection [8].

FeLV, true to its nature as a retrovirus, is subjected 
to genetic variation due to error-prone replication and 
recombination processes [10,20]. In this study, the 
U3LTR-gag region of naturally occurring exogenous 
FeLV was partially sequenced and subjected to phylo-
genetic analysis. The sequence alignment revealed a 
94-99% similarity to the previous Malaysian isolates. 
A high-sequence homology was observed among the 
FeLV isolates derived from different geographic and 
temporal clusters, as reported by Bande et al. [12]. 
Donahue et al. [13] also reported findings of strong 
sequence conservation (>97%) among their FeLV iso-
lates, due to the conserved nature of the U3 segment 
of the LTR and gag regions. In this study, the FeLV 
isolates were located within the same cluster in the 
phylogenetic tree as most of the previous Malaysian 
FeLV isolates. This could be due to their similar 
ancestral lineage.
Conclusion

Based on the partial sequence of the U3LTR-
gag region, this study demonstrated that the current 
Malaysian FeLV isolates are highly homologous 
with the previous Malaysian and Japan FeLV iso-
lates. This suggests a possible circulation of a similar 
FeLV strain among Malaysian local cats. Information 
about the current FeLV genotypes that are circulating 
in Malaysia requires further investigations of FeLV 
envelope protein and whole-genome analysis.

Authors’ Contribution

KM, ARY, and KK: Writing-original draft prepa-
ration, methodology and software. ARY, SSA, ARO, 
and SHN: Supervision and conceptualization. LWH: 
Methodology and software. PA: Sampling and meth-
odology. All authors have read and agreed to the pub-
lished version of the manuscript.
Acknowledgments

The authors would like to thank all cat own-
ers and clinicians for their participation in this 
study. This study was supported by Universiti Putra 
Malaysia (UPM) under research grant UPM 700-
2/1/GP-IPM/2016/9510500 and UPM 700-2/1/
GP-IPS/2017/9547800.
Competing Interests

The authors declare that they have no competing 
interests.
Publisher’s Note

Veterinary World remains neutral with regard 
to jurisdictional claims in published institutional 
affiliation.
References
1. Jarrett, W., Crawford, E., Martin, W. and Davie, F. (1964) 

Leukemia in the cat: A virus-like particle associated with 
leukemia (lymphosarcoma). Nature, 202: 562-569.

2. Westman, M.E., Paul, A., Malik, R., McDonagh, P., 
Ward, M.P., Hall, E. and Norris, J.M. (2016) Seroprevalence 
of feline immunodeficiency virus and feline leukaemia 
virus in Australia: Risk factors for infection and geographi-
cal influences (2011-2013). JFMS Open Rep., 2(1): 1-11.

3. Gates, M.C., Vigeant, S. and Dale, A. (2017) Prevalence 
and risk factors for cats testing positive for feline leukemia 
virus infection in cats entering an animal shelter in New 
Zealand. N. Z. Vet. J., 65(6): 285-291.

4. Burling, A.N., Levy, J.K., Scott, H.M., Crandall, M.M., 
Tucker, S.J., Wood, E.G. and Foster, J.D. (2017) 
Seroprevalences of feline leukemia virus and feline immu-
nodeficiency virus infection in cats in the United States and 
Canada and risk factors for seropositivity. J. Am. Vet. Med. 
Assoc., 251(2): 187-194.

5. Hartmann, K. and Hofmann-Lehmann, R. (2016) What’s 
new in feline leukemia virus infection. In: Veterinary 
Clinics of North America-Small Animal Practice. Elsevier, 
Pennsylvania. p1013-1036.

6. Little, S., Levy, J., Hartmann, K., Hofmann-Lehmann, R., 
Hosie, M., Olah, G. and St Denis, K. (2020) 2020 AAFP 
feline retrovirus testing and management guidelines. 
J. Feline Med. Surg., 22(1): 5-30.

7. Hofmann-Lehmann, R., Cattori, V., Tandon, R., 
Boretti, F.S., Meli, M.L., Riond, B. and Lutz, H. (2007) 
Vaccination against the feline leukaemia virus: Outcome 
and response categories and long-term follow-up. Vaccine, 
25(30): 5531-5539.

8. Bande, F., Arshad, S.S. and Hassan, L. (2012) Prevalence 
and risk factors of feline leukaemia virus and feline immu-
nodeficiency virus in peninsular Malaysia. BMC Vet. Res., 
8(33): 1-6.

9. Hartmann, K., Griessmayr, P., Schulz, B., Greene, C.E., 
Vidyashankar, A.N., Jarrett, O. and Egberink, H.F. (2007) 
Quality of different in-clinic test systems for feline immu-
nodeficiency virus and feline leukaemia virus infection. 
J. Feline Med. Surg., 9(6): 439-445.



Veterinary World, EISSN: 2231-0916 409

Available at www.veterinaryworld.org/Vol.14/February-2021/11.pdf

10. Nichols, J., Weng, H.Y., Litster, A., Leutenegger, C. and 
Guptill, L. (2017) Commercially available enzyme-linked 
immunosorbent assay and polymerase chain reaction tests 
for detection of feline immunodeficiency virus infection. 
J.  Vet. Intern. Med., 31(1): 55-59.

11. Westman, M.E., Malik, R. and Norris, J.M. (2019) 
Diagnosing feline immunodeficiency virus (FIV) and feline 
leukemia virus (FeLV) infection: An update for clinicians. 
Aust. Vet. J., 97(3): 47-55.

12. Bande, F., Arshad, S.S., Hassan, L. and Zakaria, Z. (2014) 
Molecular detection, phylogenetic analysis, and identifica-
tion of transcription motifs in feline leukemia virus from 
naturally infected cats in Malaysia. Vet. Med. Int., 2014: 
760961.

13. Donahue, P.R., Hoover, E.A., Beltz, G.A., Riedel, N., 
Hirsch, V.M., Overbaugh, J. and Mullins, J.I. (1988) Strong 
sequence conservation among horizontally transmissible, 
minimally pathogenic feline leukemia viruses. J. Virol., 
62(3): 722-731.

14. Kawamura, M., Watanabe, S., Odahara, Y., Nakagawa, S., 
Endo, Y., Tsujimoto, H. and Nishigaki, K. (2015) Genetic 
diversity in the feline leukemia virus gag gene. Virus Res., 
204: 74-81.

15. Chen, H., Bechtel, M.K., Shi, Y., Phipps, A., Mathes, L.E., 
Hayes, K.A. and Roy-Burman, P. (1998) Pathogenicity 

induced by feline leukemia virus, Rickard strain, subgroup 
a plasmid DNA (pFRA). J. Virol., 72(9): 7048-7056.

16. Tzavaras, T., Stewart, M., McDougall, A., Fulton, R., 
Testa, N., Onions, D.E. and Neil, J.C. (1990) Molecular 
cloning and characterization of a defective recombinant 
feline leukaemia virus associated with myeloid leukaemia. 
J. Gen. Virol., 71(2): 343-354.

17. Helfer-Hungerbuehler, A.K., Spiri, A.M., Riond, B., 
Grest, P., Boretti, F.S. and Hofmann-Lehmann, R. (2015) 
No benefit of therapeutic vaccination in clinically healthy 
cats persistently infected with feline leukemia virus. 
Vaccine, 33(13): 1578-1585.

18. Coelho, F.M., Bomfim, M.R.Q., de Andrade Caxito, F., 
Ribeiro, N.A., Luppi, M.M., Costa, É.A., Oliveira, M.E., da 
Fonseca, F.G. and Resende, M. (2008) Naturally occurring 
feline leukemia virus subgroup A and B infections in urban 
domestic cats. J. Gen. Virol., 89(11): 2799-2805.

19. Ortega, C., Valencia, A.C., Duque-Valencia, J. and Ruiz-
Saenz, J. (2020) Prevalence and genomic diversity of feline 
leukemia virus in privately owned and shelter cats in Aburrá 
Valley, Colombia. Viruses, 12(4): 464.

20. Dunham, S.P. and Graham, E. (2008) Retroviral infections 
of small animals. Vet. Clin. North Am Small Anim. Pract., 
38(4): 879-901.

Supplementary Table-1: Reference isolates of FeLV downloaded from GenBank.

No. Strain Accession No. Country Source References

1. FeLV-UPM01 HQ197367 Malaysia GenBank [12]
2. FeLV-UPM02 HQ197368 Malaysia GenBank [12]
3. FeLV-UPM03 HQ197369 Malaysia GenBank [12]
4. FeLV-UPM07 HQ197373 Malaysia GenBank [12]
5. FeLV-UPM11 HQ197377 Malaysia GenBank [12]
6. FeLV-UPM19 JF815542 Malaysia GenBank [12]
7. FeLV-UPM20 JF815543 Malaysia GenBank [12]
8. FeLV-UPM29 JF815552 Malaysia GenBank [12]
9. FeLV Ricard AF052723 USA GenBank [15]
10. FeLV-FAIDS M18247 USA GenBank [13]
11. FeLV-GM1 D13922 UK GenBank [16]
12. FeLV-TWK25 GQ465833 Taiwan GenBank Unpublished
13. FeLV-TWK30 GQ327961 Taiwan GenBank Unpublished
14. FeLV-Glasgow-1 KP728112 Scotland GenBank [17]
15. FeLV-ON33 AB847229 Japan GenBank [14]
16. FeLV-AT34 AB847164 Japan GenBank [14]
17. FeLV-IT38 AB847183 Japan GenBank [14]
18. 914MGE EU048352 Brazil GenBank [18]
19.. 1286MG EU090948 Brazil GenBank [18]
20. 843MG DQ821500 Brazil GenBank [18]
21. FeLV-MED68_C_CO_2018 MT229942.1 South America GenBank [19]
22. FeLV_US_x1613_Fca2011 MF681664.1 USA GenBank Unpublished
23. FeLV_US_x2655_Fca2018 MH116005.1 USA GenBank Unpublished
24. UPM_FeLV_boboi-Malaysia MW293981 Malaysia This study -
25. UPM_FeLV_brownie-Malaysia MW293982 Malaysia This study -

FeLV: Feline leukemia virus
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