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Infections with feline immunodeficiency virus (FIV) and feline leukemia virus (FelV) occur
worldwide and are among the most important infectious diseases in cats. The aim of
the present study was to determine the prevalence of FIV and FelV infection in healthy
outdoor cats in North, Northeast and Central Thailand. So far, a study on retrovirus
prevalence of healthy cats in Thailand in a larger geographic area has not been published
yet. In addition, risk factors for FIV and FelV infections were evaluated. Two hundred sixty
healthy cats were prospectively recruited. They originated from 13 locations in North,
Northeast, and Central Thailand and were presented for either preventive health care
and/or neutering. In each cat, a physical examination was performed to confirm health
status. FIV and FelV status was determined using a commercial rapid enzyme-linked
immunosorbent assay (ELISA) (SNAP Combo Plus FelV/FIV, IDEXX). Risk factors were
analyzed by binary logistic regression analysis. Samples of 15/260 (5.8%) cats were
positive for FIV antibodies, and 11/260 (4.2%) samples were positive for FelV antigen.
One of the 260 (0.4%) cats was positive for both, FIV and FelV infection. In binary logistic
regression analysis, no parameter was associated with a higher risk for FelV infection.
However, cats had a significantly (p = 0.025) higher risk for FIV infection when they
were 2 years or older. FIV and FelV infections occur in healthy cats in North, Northeast
and Central Thailand, but prevalence was lower than expected. No risk factors for FelL\V
infection were detected, but risk for FIV infection increases with age.

Keywords: FIV, FelV, retrovirus infection, ELISA, Bangkok, healthy

INTRODUCTION

Feline immunodeficiency virus (FIV) and feline leukemia virus (FeLV) infections occur in cats
worldwide and are associated with several disease syndromes. Prevalence of both infections is
highly variable among countries and regions. Prevalence of FIV infection ranges from 2 to 44%
worldwide (1-7). In Europe, prevalence is highly variable with up to 30% of cats being infected
in countries with large free roaming feline populations such as Italy (8-11). In the US, prevalence
ranges from 3% in the overall population to 18% in sick cats (1). In Asia, prevalence varies from 6
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to 44% (7, 12-16). FeLV prevalence has been reported in <1 to
31% of cats worldwide, from <1 to 15% in Europe, 2 to 3% in
the United States, 3 to 28% in South America and <1 to 24.5%
in Asia, Australia and New Zealand (1, 8-11, 14, 15, 17-33).
In previous studies, prevalences for FIV and FeLV infection in
Asia were higher than in Europe or the United States (1, 13,
14, 16, 17). It was suggested that this might be due to different
cat living conditions and vaccination strategies. Cats in Thailand
mostly have outdoor access and contact to many other cats of
which a high number are strays (16). In 2016, the estimated
number of cats in Bangkok was about 4,00,000, of which about
90,000 were strays (32). Free roaming cats are at high risk for
retrovirus infections (17, 34). FeLV and FIV vaccines are available
in Thailand but are not commonly used.

There is limited information on FIV and FeLV infection
prevalence in Thailand, and available studies either included only
a low number of cats or investigated cats in only small areas
(12, 15, 16, 35-40) (Table 1). Most of these studies looked at cats
from Bangkok and its vicinities. In addition, these studies mostly
included sick cats (12, 15, 16, 36, 37) (Table 1). So far, there is only
one study in a limited region of Northeast Thailand (Khon Kaen
city) that evaluated clinically healthy cats in 2018 (40) and only
one study investigating risk factors for FIV and FeLV infection
in Thailand (15). One recent study looked at risk factors for
FeLV only, again in a limited region (Bangkok and Chiang Mai)
(35). Thus, the present study aimed to determine the prevalence
of FeLV and FIV in healthy outdoor cats in North, Northeast,
and Central Thailand. In addition, risk factors for FeLV and FIV
infection in Thailand were evaluated.

MATERIALS AND METHODS
Cats

In total, 260 healthy cats were prospectively recruited from
December 2016 to March 2017. Cats originated from 13
different locations (seven in the Bangkok area, six outside
of Bangkok) in North, Northeast, and Central Thailand
(Supplementary Figure 1) and were presented for either
preventive health care and/or neutering. To determine risk
factors associated with FIV or FeLV infection, data on
environment and history were obtained from owners or
caregivers by a questionnaire. Only cats with outdoor access and
only cats healthy in physical examination were included.

A minimum sample size of at least 245 cats had been
estimated by power analysis, using BIAS for Windows 11.12
(Epsilon, Frankfurt, Germany) based on an assumed infections
prevalence of 20% and a maximum 95% CI of 10 percentage
points. Animal Ethics committee approval of the Faculty
of Veterinary Science, Chulalongkorn University of Bangkok,
Thailand (approval number: 1731042) and informed consent of
cat owners were obtained.

Only cats were included that had not been vaccinated against
FIV or FeLV (139 of the cats had received other vaccines,
primarily rabies).

All samples were taken by the corresponding author (FS)
either at the Chulalongkorn University Veterinary Clinic, in
a shelter in Bangkok, or during several (neutering) programs.

Blood was taken either from the jugular or cephalic vein. Serum
samples were frozen and stored at —20°C. FIV and FeLV tests
were performed by the corresponding author (FS) after all
samples were collected.

Retrovirus Testing

Cats were tested for FIV antibodies and FeLV antigen
using a commercial rapid enzyme-linked immunosorbent
assay (ELISA) (SNAP Combo Plus FeLV/FIV, IDEXX GmbH,
Ludwigsburg, Germany).

Risk Factor Analysis

To determine risk factors (Table2) associated with FIV
and FelV infection, data on characteristics (gender, age,
reproduction status), location and month of sampling, reason for
presentation (either neutering or general health check), origin
(domestic/feral), environment (urban/rural) and contact with
other cats were obtained from the owners or the caregiver by
a questionnaire.

Statistical Analysis

Statistical analysis was performed using SPSS 28.0. Prevalence of
FIV and FeLV infection and its 95% CI were calculated. A binary
logistic regression analysis was performed for risk factor analysis.
A p-value < 0.05 was considered as statistically significant.

RESULTS
Study Population

All cats were domestic short hair (DSH) and ranged in age from 6
months to 10 years (median age: 1.8 years). One hundred thirteen
male and 137 female cats were included (Table 2). In 10 cats, sex
was not recorded.

Prevalence of FIV and FelLV

Samples of 15/260 cats (5.8%; 95% CI: 3.1-8.5%) were positive
for FIV antibodies. Samples of 11/260 cats (4.2%; 95% CI: 1.9-
6.9%) were positive for FeLV antigen. One of 260 cats (0.4%;
95% CI: 0.0-2.1%) was positive for both, FIV and FeLV infection.
This cat was sampled in urban Ban Mot, Bangkok. It was a
privately owned, male, intact cat of unknown age. Table 3 and
Supplementary Figure 1 shows sample locations, number of cats
sampled in each location, and geographical distribution of FIV-
and FeLV-infected cats.

Risk Factors

Using binary logistic regression analysis, several risk factors were
evaluated (Table 2). The probability to be infected with FIV was
significantly (p = 0.025) higher for cats at the age of 2 years
or older (Table 2). No factor was significantly associated with
FeLV infection.

DISCUSSION

The present study investigated the prevalence of FIV and FeLV
in 260 clinically healthy cats in North, Northeast, and Central
Thailand. A FIV prevalence of 4.2% (11/260) was detected.
Previous studies only investigated cats from Bangkok and its

Frontiers in Veterinary Science | www.frontiersin.org

January 2022 | Volume 8 | Article 764217


https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

SpriBler et al. FIV and FelV in Thailand

TABLE 1 | Previous studies on prevalence of feline immunodeficiency virus infection, feline leukemia virus infection and double infection in Thailand: year of sampling,
number of cats tested, number and percentage of cats positive for feline immunodeficiency virus antibodies and for feline leukemia virus antigen, and references.

Year Number of tested cats Health status Number of pos. cats (prevalence %) Double infection References

FIV FelV
1988 653 not ment. not det. 6(0.9) not ment. Nilkumhang et al. (36)
1988 110 sick not det. 23 (20.9) not ment. Nilkumhang et al. (36)
1994 145 sick 58 (40.0) not det. not ment. Nilkumhang et al. (37)
1997 28 sick 9 (82.1) not det. not ment. Pusoonthornthum et al. (12)
2003 115 not ment. 6(5.2) 7(6.1) not ment. Litster et al. (38)
2009 746 sick 150 (20.1) 183 (24.5) 75 (10.1) Sukhumavasi et al. (15)
2009 133 not ment. 17 (12.8) 19 (14.3) not ment. Sattasathuchana et al. (39)
2013/2014 777 sick 42 (5.4) 128 (16.5) 27 (3.5) Nedumpun et al. (16)
2016 2123/216° healthy 13 (6.1) 8(3.7) not ment. Alyaranoi et al. (40)
2017 260 healthy 15 (5.8) 11 (4.2) 1(0.4) present study
2017/2018 119 not ment. not det. 17 (14.3) not ment. Capozza et al. (35)

pos., positive; FIV, feline immunodeficiency virus; FelV, feline leukemia virus; not ment., not mentioned.
aNumber of cats tested for FIV infection.
bNumber of cats tested for FelV infection.

TABLE 2 | Risk factors of cats with and without feline immunodeficiency virus and feline leukemia virus infection and binary logistic regression analysis.

n Number of Logistic Number of FelLV- Logistic
FIV-antibody-positive regression antigen-positive regression
cats (%) analysis p cats (%) analysis p

Risk factors categories 260 15 (5.8) - 11 (4.2) -

age (n = 233) > 2 years 98 9(9.2) 0.025* 7(7.1) 0.052
< 2 years 135 3(2.2) 1(2.2)

gender male 113 7(6.2) 0.961 6 (5.3 0.362

(n = 250) female 137 7 (5.1) 4(2.9)

reproduction neutered 19 1(6.9) 0.554 0(0.0) 0.998

status intact 237 13 (5.5) 11 (4.4)

(n = 256)

origin urban 207 11 (5.3) 0.181 8(3.9) 0.970

(n = 259) rural 48 3(6.3) 3(6.3)

part of Thailand Central vs. North 163 vs 18 8(4.9) vs. 2 (11.1) 0.999 5(3.1) vs. 6 (33.3) 0.999

(n = 260) Central vs. 163 vs 79 8(4.9)vs. 5(6.3) 0.572 5(3.1) vs. 0(0.0) 0.997
Northeast

reason for general health 14 0(0.0) 0.998 0(0.0) 0.998

presentation check

(n = 255) neutering 241 15 (6.2) 11 (4.6)

origin (n = 256) privately owned 247 13 (6.9) 0.999 11 (4.5) 1.000
feral 9 1(11.1) 0(0.0

contact with other domestic and feral 212vs. 5 10 (4.7) vs. 1 (20.0) 0.999 4(1.9)vs. 0(0.0) 1.000

cats vs. feral

(n = 256) domestic and feral 212 vs. 37 10 (4.7) vs. 3(8.1) 0.999 4(1.9) vs. 7 (18.9) 0.999
vs. domestic
domestic and feral 212vs. 2 10 (4.7) vs. 0 (0.0) 1.000 4(1.9)vs. 0(0.0) 1.000
vs. no contact

month of sampling Feb vs. Mar 122 vs. 94 5(4.1)vs. 5 (5.3 0.378 2(1.6)vs. 2(2.1) 0.378

(n = 260) Feb vs. Dec 122 vs. 12 5 (4.1) vs. 3 (25.0) 0.999 2(1.6)vs. 1(8.3) 0.999
Feb vs. Jan 122 vs. 32 5(4.1)vs. 2 (6.3 1.000 2(1.6)vs. 6(18.8) 1.000

n, numbers of cats in every group; FIV, feline immunodeficiency virus; FelV, feline leukemia virus; p, p-value; -, calculation due to no comparable group not available; * = significant, OR
4.958, 95% Cl 1.255-20.074; vs., versus, Jan, January; Feb, February; Mar, March; Dec, December; total number of cats for each parameter ranged from 233 to 260 because not
every parameter was specified by the owners/caretakers.
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TABLE 3 | Sample locations, region, environment, number of cats sampled and number and percentage of cats with feline immunodeficiency virus and feline leukemia

virus infection.

Sample location Region Environment Number of cats sampled FIV infection (%) FeLV infection (%)
Lamphun N rural 18 2(11.1) 6 (33.3)
Amnat Charoen NO rural 7 2 (28.6) 0(0)
Nakhon Ratchasima NO urban and rural 49 1(2.0 0(0)

Udon Thani NO urban 23 2(8.7) 0(0)
Bangkok C urban 138 8(5.8) 5(3.6)
Nakhon Pathom C urban 14 0(0) 0(0)
Ratchaburi C urban iR 0(0) 0(0)

N, north; NO, northeast; C, central; FIV, feline immunodeficiency virus; FeLV, feline leukemia virus. The environment factor (urban/rural) was determined by the location of the sampling

and not by information of the owners/caretakers. All 260 cats were included.

vicinities for FIV infection, and prevalence of up to 40.1% was
described (12, 15, 16, 37, 38, 40) (Table 1). Prevalence of FIV
infection in the present study was much lower than in most
previous reports, potentially due to different study populations,
such as concerning health status, sample locations, and living
conditions. In the present study, healthy cats in a larger region
were included whereas in earlier studies, cats were presented
to different veterinary clinics with clinical signs in Thailand
(12, 15, 16, 37, 38) (Table 1). A significantly higher prevalence
for FIV infection in sick cats was determined in studies in other
countries before which might explain the difference (14, 37, 41).
In a recent study, Aiyaranoi et al. (2018) investigated cats from
Khon Kaen city, which is located in Northeast of Thailand and
reported an prevalence of 6.1% (40). The cat populations of
the present study and of the study in Khon Kaen were very
similar and comparable regarding age and gender. Furthermore,
both studies included only healthy cats. In the present study,
a prevalence of 6.3% was determined for cats originating from
Northeast Thailand, and this is indeed very similar to that of the
study of Ayaranoi et al. (40). It should be considered that in the
present study, in the region of Amnat Charoen 28.6% (2/7) of
sampled cats tested positive, whereas in Nakhon Ratschasima and
Udonthani lower prevalences were detected (Table 3). Amnat
Charoen is one of the poorest provinces in Thailand and situated
at the border to Laos (42). There are no studies available about
FIV prevalence in Laos, but high FIV prevalences in cats in
Laos could be one explanation for the very high prevalence in
Amnat Charoen (15). FIV prevalence of 4.9% was determined
in Bangkok and its vicinities in the present study. In contrast,
a very high prevalence (40.1%) of FIV infection was detected in
the same area in 1994 (38). In a study from 1997, prevalence of
FIV infection was 32.1% (12), in 2009, prevalence was 20.1% (15),
and a recent study determined a prevalence of 5.4% for cats in
Bangkok and its vicinities (16), which is similar to the present
study. Therefore, prevalence has considerably decreased in the
last 25 years (Table 1). Nowadays, there are several private and
governmental organizations that neuter cats in the Bangkok area.
As a result there are less intact fighting male cats in this area and
transmission of FIV could be reduced (16).

In the binary logistic regression analysis of the present study,
cats at the age of 2 years or older had a higher risk to be

FIV-infected. This is in accordance with other studies performed
in Thailand and other countries worldwide (9, 10, 12, 14, 15, 29,
41, 43), and can be explained by an increasing risk of exposure
in older cats. No other risk factor was found to be significantly
associated with a higher risk for FIV infection, although in other
studies male intact cats were at higher risk to be infected with FIV
(10, 15, 29, 41).

In the present study, the FeLV prevalence was 4.2% in
North, Northeast, and Central Thailand. So far, there is only
one study published on FeLV prevalence with a small study
population (119 cats) from Bangkok and Chiang Mai, which is
situated in the North of Thailand (35). The authors determined
a prevalence of progressive FeLV infection of 14.3 % (35). The
number of cats sampled in Chiang Mai was neither specified
in this study (35), nor in an overlapping larger study in which
cats and dogs from Eastern and Southeast Asia were tested
for vector-borne pathogens and ectoparasites (44). There is no
study that investigated FeLV prevalence in Northeast Thailand
so far. Previous studies in Bangkok and its vicinities mostly
included sick cats and even recent studies detected prevalences
up to 24.5% (15, 16, 37). One study found a prevalence of
20.9% in sick cats (37) (Table 1). The previous study conducted
in Bangkok and Chiang Mai included not only, but also sick
cats as the study involved cats with clinical signs (i.e., enlarged
lymph nodes and skin abnormalities) from academic institutions
and private facilities (44). This could be one explanation for
the higher prevalence determined in that study. In one study
from 2016 in which only healthy cats were included, prevalence
of progressive FeLV infection (4.2%) was comparable to the
prevalence determined in the present study (40).

In the present study, only healthy cats were included and this
might explain the much lower prevalence when compared to
most previous studies. Being ill has been detected as a significant
risk factor for FeLV infection in several studies worldwide (45).
All FeLV-infected cats in the present study originated either from
Bangkok or Lamphun, a city in North Thailand (Table 3). In
the other five sample locations, no cat tested positive. Possibly,
FeLV is endemic in Bangkok and Lamphun in contrast to
other locations. The observed differences might be attributed to
variation among geographic regions, cat population densities,
lifestyles and control policies and practices among different
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regions. Fromont et al. (2003) investigated models to predict
dynamics of FeLV in cat populations and found that extinction
of FeLV is possible in small populations (46). Furthermore,
these models showed that FeLV dynamics depend on size of the
population and the relationship between host density and the
pattern of contact of individual cats (46). Nakumara et al. (2000)
even suggested that some cat populations in Asia might be free of
FeLV infection; as an example, none of the tested cats in North
and South Vietnam was progressively infected with FeLV (13).

The higher prevalence of FeLV in the study of Capozza et al.
(2021) could be explained by a higher regional prevalence in
Bangkok and North Thailand (where Chiang Mai is situated)
which is in accordance to the present study (35). Capozza
et al. (2021) found a significant (p < 0.05) association between
Thailand as country of cats’ origin, adult age, abnormal oral
mucosa, and positive FeLV-antigen results (35). In the present
study, adult age was not a significant risk factor (p = 0.052) for
FeLV infection. As only healthy cats were included, clinical sings
could not be evaluated as a potential risk factor.

One limitation of the study is that samples were only tested for
FeLV antigen and thus, only cats with progressive infection (and
occasionally those with early regressive infection) were detected
but most regressively infected and all abortively infected cats were
likely missed (47). After a short period of viremia, regressively
infected cats only harbor provirus in bone marrow and blood
cells, and thus, true FeLV prevalence is always higher than the
prevalence of antigen-positive cats. Furthermore, confirmatory
testing was not performed and therefore, potentially false
positive results cannot be completely ruled out. Especially FeLV
polymerase chain reaction would have been very interesting
not only as confirmatory test but also to detect regressive
FeLV infection. These additional tests should be investigated in
further studies.

CONCLUSION

FIV prevalence of 5.8% and FeLV infection prevalence of 4.2%
were detected in healthy cats in North, Northeast, and Central
Thailand. Cats had a significantly (p = 0.025) higher risk for FIV
infection when they were 2 years or older. This study can help to
monitor FIV and FeLV infections in cats in Thailand and develop
control strategies such as recommendation for vaccination. Cats
in the present study were not vaccinated against FIV and/orx
FeLV. Both vaccines are available in Thailand, but are not widely
used. FIV vaccination is discussed controversially, according to
the present study, FeLV infection is still endemic in Thailand
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