Master thesis

Prevalence of infections with selected
pathogens in client-owned cats from the
Netherlands

Student:

A.B. (Alidia) Cornelissen
Student number: 3932842

Supervisors:
Dr. M.R. (Michael) Lappin’

Dr. H.F. (Herman) Egberink?

"Department of Clinical Sciences, College of Veterinary Medicine and Biomedical Sciences, Colorado State University, Fort
Collins, CO, United States.

2Department of Infectious Diseases and Immunology, Faculty of Veterinary Medicine, Utrecht University, Utrecht,
Netherlands.A.



A.B. Cornelissen/ Prevalence of selected pathogens in client-owned cats from the Netherlands

Table of contents

ADBSTIACE ... .ottt ettt et e s bt e b e hr e e s b et e sa bt e e b e e e bt e e s be e e hbeeeabeeeanreenbeeenans 3
INEFOQUCTION ...ttt et ettt e bt e st e e s bt e e sab e e e bt e e sateesabeeesabeesabeesaneeesabeeanns 3
Materials and Methods .............oooiiiiiii e st s e e 5
=101 o1 LTSRS 5
YT fo] o] {or- | B Y- 1Y £ RS PRRTPP 5
Vo] L=Tol U T TY- 1Y £ PSRRI 5
) LI o BT o T 1AV R SPTPR 5
RESUIES ...ttt ettt e bt e e sttt e bt e e s a b e e s bt e e sabeesabe e e bte e s bt e e nabeesabeeennteesabeeenns 6
AANTMALS ettt b bbbttt e bt e eh e ehe e ea bttt e bt e b e b e e e heeeaeeeateearean 6
SErologiCal @SSAYS FESUITLS ....vviiiiiiiie e e e et e e e et e e e s sate e e e e ataeeeesntaeeeeansseeesannreeanan 6
MOIECUIAE @SSAY FESUILS ..vviieiiiiee ettt ettt e e et e e e et e e e e eaba e e e e sbaeeeesabaeeeesnbaeeeeanseeeeennsenas 6
Risk factors and CO-INFECTIONS. .....c.uii i ettt 9
DIHSCUSSION.......eiiiiiiiiiie ettt ettt ettt s e s bt e s e s b et e e bt e e s b et e sa b e e st e e s beeesane e e nneesmreesaneeesaneens 10
CONCIUSIONS ...ttt e b e s bt s et e et e et e e bt e b e e s bt e eh et e ab e et e e b e e sbeesheesabesabe e b e enneennes 14
ACKNOWIEAZEMENLS .......oooneiiiiicee et e e e e et e e st e e e e e ab e e e e s aseeee s nsseeeeansaeeeeanseneaaan 15
CONFlICE OF INTEIEST ... st 15
LT e [T - 2SRRI 15
REFEIEINCES........eieeeeee bbbt h ettt e bt e s bt e s he e sab e st e e bt e beesbeesbeeeneeenteeneean 16



Abstract

Multiple pathogens of cats are directly associated with clinical abnormalities or have primary
importance as zoonotic agents impacting human health. However, limited or no prevalence data is
available for many of these pathogens in cats from the Netherlands. The aims of this study were
therefore to estimate the prevalence of selected bloodborne and zoonotic pathogens in cats from the
Netherlands and to assess for associated risk factors and co-infections. Anti-coagulated blood, sera,
and or plasma were obtained from 167 client-owned cats in the Netherlands and transported to
Colorado for assay. Previously validated plate based ELISA assays were used to detect antibodies
against Bartonella species and Toxoplasma gondii in plasma or serum. A commercially available kit was
used to detect antibodies against feline immunodeficiency virus (FIV) and antigens of feline leukemia
virus (FeLV) and Dirofilaria immitis (SNAP® feline Triple; IDEXX) in sera or plasma. Total DNA and RNA
were extracted from the blood and previously validated molecular assays that amplify the nucleic acids
of Anaplasma species, Bartonella species, Ehrlichia species, Felis catus gammaherpesvirus 1
(FcaGHV1), feline foamy virus (FFV) and the hemoplasmas were performed. Genetic sequencing was
performed to determine the species of some agents and to validate the final results. The estimated
seroprevalence rates for Bartonella spp. 1gG (21 of 163 cats; 12.9%; 95% Cl: 8.51-19.02), T. gondii 1gG
(26 of 163 cats; 16.0%; 95% Cl: 11.05-22.48), FIV antibodies (6 of 121 cats; 5.0%; 95% Cl: 2.21-10.71)
and FelV (4 of 121 cats; 3.3%; 95% Cl: 1.23-8.59) were calculated. Bartonella spp. DNA (2 of 163 cats;
1.2%; 95% Cl: 0.30-4.83), overall hemoplasma DNA (17 of 163 cats; 10.4%; 95% Cl 6.55-16.21), FFV
DNA (66 of 150 cats; 44.0%; 95% Cl: 36.19-52.12) and FcaGHV1 DNA (21 of 162 cats; 13.0%; 95% Cl:
8.57-19.14) were amplified from some samples. Risk factors included increasing age for FFV infection
and co-occurrences of infection were found for several pathogens. D. immitis antigen as well as
Anaplasma spp. and Ehrlichia spp. DNA were not detected in any of the 121 and 163 samples tested
respectively.

Introduction

Multiple pathogens have been described in cats which are directly associated with clinical
abnormalities or have their primary importance as zoonotic agents impacting human health.
Retroviruses, including feline leukemia virus (FeLV) and feline immunodeficiency virus (FIV) infection
may lead to immunosuppression and virus-induced lymphomas (Hosie et al., 2009; Lutz et al., 2009).
Transmission occurs via direct contact between cats during cat fighting (FIV) and via viremic cats, which
spread the virus via saliva, nasal secretions, feces and milk (FeLV). Cats may remain persistently
infected throughout life (Hosie et al., 2009; Lutz et al., 2009).

Feline foamy virus (FFV), another retrovirus, causes persistent infections as well. Experimental
infections of cats with this pathogen have led to histologic abnormalities in lung and kidney tissue but
no clear association with disease has been found thus far and is therefore considered apathogenic
(Bleiholder et al., 2011; German et al., 2008; Romen et al., 2006).

Little is known about Felis catus gammaherpesvirus 1 (FcaGHV1), a gammaherpesvirus which has
recently been discovered in the domestic cat (Troyer et al., 2014). However, associations have been
found with FIV infections and they are suspected of playing a causative role in FIV associated
lymphomas as has similarly been described in HIV positive humans with gammaherpesvirus infection
(Beatty et al., 2014; Ertl et al., 2015; Troyer et al., 2014).



Hemoplasmas are the causative agents of feline infectious anemia and have been associated with FIV
and gammaherpesvirus infection which supports the role of cat fighting as a route of transmission
(Bergmann et al., 2017b; Dean et al., 2008; McLuckie et al., 2016). However the role of fleas in
transmission cannot fully be excluded (Woods et al., 2005). The 3 causative agents of hemoplasmosis,
differ in their pathogenicity, with Mycoplasma haemofelis (Mhf) being the most pathogenic and
‘Candidatus Mycoplasma haemominutum’ (Mhm) and ‘Candidatus M turicencis’ (Mt) being less
pathogenic, which usually do not lead to significant anemia (Jensen et al., 2001; Tasker et al., 2016).
Different tick species that serve as vectors for bloodborne pathogens have been found in the
Netherlands. Ixodes spp., the vector of Anaplasma phagocytophilum, are by far the most predominant
species, whereas Rhipicephalus sanguineus is less common and mostly introduced by dogs/cats with a
travel history (Lappin et al., 2015; Nijhof et al., 2007). Rhipicephalus sanguineus is the vector of
Ehrlichia spp. and most likely for A. platys as well, since co-infections with Ehrlichia spp. are commonly
found (Pennisi et al., 2017a). Infection with the above mentioned pathogens in cats seems less
common compared to dogs and there is only limited data available of natural infection in cats. Clinical
impact may vary and signs are mostly nonspecific consisting of fever, general illness, anemia,
thrombocytopenia and lameness (Breitschwerdt et al., 2002; Pennisi et al., 2017a).

The vector-borne nematode Dirofilaria immitis is transmitted by mosquitoes, mostly of the genera
Culex and Aedes (Genchi et al., 2011). Infection may lead to severe pulmonary thromboembolism and
eosinophilicinflammatory response in the lungs, but more often disease manifestation is characterized
by a less severe chronic course of infection with mild to moderate respiratory signs (Pennisi et al.,
2017b). The filarial nematode is endemic in some Mediterranean countries in Europe, but a further
spread to more northern and eastern countries has been recognized (Genchi et al., 2014; Pennisi et
al., 2017b). Moreover, D. immitis also poses an increasing public health risk since human pulmonary
dirofilariasis has been described as well (Kronefeld et al., 2014).

Bartonella henselae infection may lead to cat scratch disease in humans, as well as fatal disorders such
as bacillary angiomatosis, bacillary peliosis and endocarditis, especially in immunocompromised
people. B. henselae is the most common species in cats, but others have also been described such as
B. clarridgeia, B. koehlerae and to a lesser extent B. quintana. Transmission between cats occurs via
the vector Ctenocephalides felis. Most cats with Bartonella spp. infection are healthy, but fever,
lymphadenopathy, anemia, endocarditis, uveitis and neurological dysfunction have been described
(Bergmann et al., 2017a; Breitschwerdt et al., 2010; Lappin et al., 2009; Pennisi et al., 2013).

Cats are also the definitive host for Toxoplasma gondii, which may lead to congenital toxoplasmosis in
humans (Paquet et al., 2013). Transmission in cats occurs via ingestion of oocysts from the
environment or ingestion of intermediate hosts infected with tissue cysts (Hartmann et al., 2013). Most
cats have subclinical infections while clinical abnormalities such as fever, uveitis, myositis, neurological
disease and interstitial pneumonia have also been described, most commonly in immunosuppressed
cats as occurs with end stage FIV and FelV infection or with use of immunosuppressive drugs at high
levels (Barrs et al., 2006).

Prevalence data of these pathogens have been described in cats from surrounding European countries
but limited recent or no prevalence data is available for many of these pathogens in cats from the
Netherlands. The aims of this study were therefore to estimate the prevalence of the above mentioned
pathogens and to assess for associated risk factors and co-infections in client-owned cats from the
Netherlands



Materials and methods

Samples

A total of 143 remnant EDTA blood samples from client owned cats were obtained from the University
Veterinary Diagnostic Laboratory in Utrecht, the Netherlands. Beforehand, these blood samples were
stored at 4°C for at least a week. An additional 24 remnant EDTA blood samples and serum samples
were obtained from LABOKLIN Laboratory for Clinical Diagnostics GmbH & Co. KG, in Hoensbroek, the
Netherlands. All blood samples originated from veterinary clinics in the Netherlands. If known,
additional information about breed, age, sex and castration status were provided. All blood samples
were evaluated for reasons independent to the study and collected via informed consent.

After collection, 250 pl of whole blood was separated from the EDTA blood samples and the remaining
plasma was collected after centrifugation. Whole blood, plasma and serum samples were stored at -
80°C before being shipped on dry ice to Colorado State University. Once arrived, samples were stored
again at -80°C until being thawed to room temperature prior to assay.

Serological assays

Plasma and serum were not thawed more than twice prior to assay and all serological assays were
performed within 1 day after thawing. Assays performed per sample was dependent on plasma or
serum volume availability per cat. Previously described plate-based enzyme-linked immunosorbent
assays (ELISA) were used to detect T. gondii and Bartonella spp. specific antibodies in plasma or serum
of all 167 samples at Colorado State University, Fort Collins, CO, USA (Lappin et al., 2009; Vollaire et
al., 2005). Because the T. gondii and Bartonella spp. ELISA were only described for use with serum,
plasma and serum samples available of the same cat (n=24) were ran on the same ELISA plates in order
to compare antibody titer responses and to adjust plasma titer cutoff points if needed. Dirofilaria
immitis antigen, FeLV antigen and FIV antibody were detected in plasma or serum of 123 samples using
a commercially available kit (SNAP® feline Triple; IDEXX laboratories, Westbrook, ME, USA). All assays
were performed according to the manufacturer's user manual.

Molecular assays

Total DNA of all 167 samples was extracted from 200 ul of whole blood with QlAcubel HT automated
purification instrument and QlAamp@ 96 DNA QlAcubeR HT kit. DNA of Ehrlichia spp., Anaplasma spp.
(Lappin et al., 2004), hemoplasmas (Jensen et al., 2001), Bartonella spp. (Jensen et al., 2000), and
FcaGHV1 (Troyer et al., 2014) were amplified by previously described conventional polymerase chain
reaction (PCR) assays. DNA PCR products were visualized by agarose gel electrophoresis with EZVision@
One DNA Dye (Amresco@@; Solon, OH, USA). Because Mhf and Mt PCR products are within the same
band size, further sequencing was performed to validate the final results (Macromolecular Resources,
Colorado State University, Fort Collins, Colorado, USA). FFV DNA was amplified and measured using a
previously described real-time PCR assay (Lee et al., 2017). Appropriate positive and negative controls
were evaluated in each assay.

Statistical analysis

Statistical analysis was performed with use of the statistical software Stata version 14.2 (StataCorp.
2016, College station, TX, USA). Prevalence and 95% confidence intervals were estimated for each
pathogen. Differences in each pathogen prevalence according to sex, castration status and age group
were tested for statistical significance using univariate and multivariate logistic regression analysis. The
same method was also used to test the significance of coinfections by pair. Significance level was
defined as P< 0.05.



Results

Animals

After adjustments were made for samples that originated from the same cat, a total of 163 cats were
included in this study. Sex, castration status and age were reported in 138 (76 males, 62 females), 139
(125 castrated, 14 non-castrated) and 156 cats respectively. The age ranged from 1,5 months to 19
years with a mean age of 9.5 years. Breed was reported for 159 cats (95 European Shorthairs, 25
undefined, 10 Maine Coons, 4 British Shorthairs, 4 Siamese, 4 crossbreeds, 3 Birmans, 2 Scottish Folds,
2 Persians, 2 Sphynx cats, 2 Oriental Shorthairs, 2 Angoras, 1 Abyssinian, 1 Norwegian Forest cat, 1
Ragdoll and 1 Chartreux).

Serological assays results

Toxoplasma gondii and Bartonella spp. ELISA antibody titers of both plasma and serum samples
originating from 24 cats were evaluated. Similar titers were found for plasma and serum in the T. gondii
ELISA but the Bartonella spp., plate predominantly gave higher titers in plasma compared with serum
(4 plasma samples were positive at 1:64 while they were negative in serum, 1 plasma sample that was
positive at 1:128 was positive in serum as well at 1:256). Based on these findings antibody titers of
1:128 and higher were considered positive in plasma for the Bartonella spp. ELISA, while titers of 1:64
and higher remained the cutoff point in plasma for the T. gondii ELISA.

Based on this, 21 of 163 cats ( 12.9%; 95% confidence interval: 8.51-19.02) were Bartonella spp. 1gG
positive, and 26 of 163 cats (16.0%; 95% Cl: 11.05-22.48) were T. gondii IgG positive. Further, 6 of 121
cats (5.0%; 95% Cl: 2.21-10.71) were FIV antibodies positive, and 4 of 121 cats (3.3%; 95% Cl: 1.23-
8.59) were FelV antigen positive. Dirofilaria immitis antigen was not detected in any of the 121
samples tested.

Molecular assay results

Total Bartonella spp. DNA was amplified from 2 of 163 cats (1.2%; 95% Cl: 0.30-4.83), with band sizes
corresponding to Bartonella henselae (1/163) and Bartonella clarridgeia (1/163). Both Bartonella spp.
PCR positive cats were seropositive as well. DNA of the hemoplasmas was amplified from 17 of 163
cats (10.4%; 95% Cl: 6.55-16.21). A total of 15 of these cats were positive for Mhm alone, one cat was
positive for Mhf alone, and 1 cat was coinfected with both Mhf and Mhm. A total of 150 and 162 cats
were assayed for FFV and FcaGHV1 DNA respectively. FFV DNA was amplified from 66 of 150 cats
(44.0%; 95% Cl: 36.19-52.12) whereas FcaGHV1 DNA was amplified from 21 of 162 cats (13.0%; 95%
Cl: 8.57-19.14). Anaplasma spp. and Ehrlichia spp. DNA were not amplified from any of the 163 samples
tested. An overview of both serological and molecular assay results can be found in Table 1.



Table 1. Prevalence of infection with selected pathogens in client-owned cats from the Netherlands.

Pathogen n Positive n (%) 95% confidence interval (%)

Serological assays:

Bartonella species 163 21 (12.9%) 8.51-19.02 %
Toxoplasma gondii 163 26 (16.0%) 11.05-22.48 %
FIV 121 6 (5.0%) 2.21-10.71%
FelV 121 4(3.3%) 1.23-8.59 %
Dirofilaria immitis 121 0 (0%) 0-3.00 % *

Molecular assays:

Bartonella species 163 2 (1.2%) 0.30-4.83 %
Bartonella henselae 1(0.6%)
Bartonella clarridgeia 1(0.6%)
Ehrlichia [ Anaplasma species 163 0 (0%) 0-2.24 % *
Hemoplasmas 163 17 (10.4%) 6.55-16.21 %
Mhm alone 15 (9.2%)
Mhf alone 1(0.6%)
Mhf and Mhm 1(0.6%)
FFV 150 66 (44.0%) 36.19-52.12 %
FcaGHV1 162 21 (13.0%) 8.57-19.14 %

FIV= feline immunodeficiency virus, FeLV= feline leukemia virus, Mhm= ‘Candidatus Mycoplasma haemominutum’, Mhf=
Mycoplasma haemofelis, FFV= feline foamy virus, FcaGHV1= felis catus gammaherpesvirus 1.
* calculated with a one-sided binominal exact test.
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Figure 1. Seroprevalence of Bartonella species., Toxoplasma gondii, feline immunodeficiency virus (FIV) and feline
leukemia virus (FeLV), and molecular prevalence of Bartonella spp., hemoplasmas, feline foamy virus (FFV) and Felis catus
gammaherpesvirus 1 (FcaGHV1) according to sex (Fig. 1a), castration status (Fig. 1b) and age groups (in years) (Fig. 1c).



Table 2. Univariable and multivariable logistic regression analysis to identify risk factors for selected pathogens in
client-owned cats from the Netherlands.

Univariable logistic
regression analysis

Multivariable logistic

regression analysis

Pathogens Variables  Categories Odds-ratio (95% Cl)  Pvalue  Odds-ratio (95% Cl) P value
Serological assays:
Bartonella species Sex Male vs. female 2.35(0.79-7.01) 0.125 2.55 (0.84-7.78) 0.098
castration  Castrated vs. non-castrated n.c. n.c n.c. n.c.
Age >2-10 vs. <2 0.58 (0.12-2.79) 0.492 0.45 (0.09-2.30) 0.335
>10vs. <2 1.38(0.35-5.33) 0.645 0.89(0.21-3.77) 0.881
>10 vs. >2-10 2.39(0.73-7.86) 0.151 2.01(0.58-6.97) 0.273
Toxoplasma gondii ~ Sex Male vs. female 1.47 (0.54-4.00) 0.447 1.41 (0.50-3.98) 0.519
castration  Castrated vs. non-castrated 2.33(0.29-18.87) 0.428 n.c. n.c.
Age >2-10vs. <2 4.70 (0.56-39.28) 0.154 3.72(0.43-32.39) 0.234
>10vs. <2 4.50 (0.55-36.50) 0.159 2.49 (0.29-21.43) 0.407
>10 vs. >2-10 0.95 (0.37-2.46) 0.930 0.67 (0.23-1.95) 0.461
FIV Sex Male vs. female 0.50 (0.08-3.13) 0.459 0.47 (0.07-3.28) 0.450
castration  Castrated vs. non-castrated n.c. n.c n.c. n.c.
Age >2-10vs. <2 0.50 (0.03-8.44) 0.631 0.51(0.03-8.87) 0.641
>10 vs. <2 0.69 (0.06-8.06) 0.768 0.66 (0.06-7.92) 0.743
>10vs. >2-10 1.38(0.12-15.79) 0.795 1.31(0.11-15.24) 0.832
FeLV Sex Male vs. female 2.4 (0.24-23.88) 0.455 2.77 (0.27-28.18) 0.389
castration  Castrated vs. non-castrated n.c. n.c n.c. n.c.
Age >2-10vs. <2 0.50 (0.03-8.44) 0.631 0.39 (0.02-6.86) 0.518
>10vs. <2 0.69 (0.06-8.06) 0.768 0.60 (0.05-7.26) 0.688
>10 vs. >2-10 1.38 (0.12-15.79) 0.795 1.55 (0.13-18.11) 0.727
Molecular assays:
Bartonella species Sex Male vs. female 0.81 (0.05-13.27) 0.885 1.03 (0.06-17.58) 0.983
castration  Castrated vs. non-castrated n.c. n.c n.c. n.c.
Age >2-10vs. L2 n.c. n.c n.c. n.c.
>10 vs. <2 0.32 (0.02-5.31) 0.427 0.28 (0.02-4.82) 0.383
>10vs. >2-10 n.c. n.c n.c. n.c.
Hemoplasmas Sex Male vs. female 4.55 (0.96-21.59) 0.057 4.96 (0.94-26.16) 0.059
castration  Castrated vs. non-castrated n.c n.c n.c. n.c.
Age >2-10vs. L2 n.c n.c n.c. n.c.
>10 vs. <2 n.c n.c n.c. n.c.
>10 vs. >2-10 2.62 (0.69-10.03) 0.158 1.86 (0.44-7.82) 0.398
FFV Sex Male vs. female 1.64 (0.79-3.39) 0.182 1.65 (0.78-3.52) 0.192
castration  Castrated vs. non-castrated 0.79 (0.29-2.55) 0.780 0.59 (0.16-2.15) 0.426
Age >2-10vs. <2 1.46 (0.49-4.38) 0.500 1.06 (0.33-3.41) 0.923
>10vs. <2 3.56 (1.26-10.12) 0.017* 2.90 (0.92-9.09) 0.069
>10 vs. >2-10 2.44 (1.15-5.18) 0.020* 2.73 (1.17-6.39) 0.020*
FcaGHV1 Sex Male vs. female 1.27 (0.43-3.80) 0.665 1.25(0.41-3.81) 0.697
castration  Castrated vs. non-castrated 1.65 (0.20-13.63) 0.640 0.92 (0.10-8.55) 0.940
Age >2-10vs. <2 2.40(0.27-21.70) 0.436 1.85(0.19-17.82) 0.595
>10vs. <2 5.03 (0.62-40.60) 0.129 3.80 (0.43-33.69) 0.230
>10 vs. >2-10 2.09 (0.70-6.28) 0.186 2.06 (0.57-7.45) 0.271

FIV= feline immunodeficiency virus, FeLV= feline leukemia virus, FFV= feline foamy virus, FcaGHV1= felis catus gammaherpesvirus 1.
n.c.= non calculable, because one of either categories contained zero positives.
* significant association.



Risk factors and co-infections

Associations of each pathogen with sex, castration status, age group and co-occurrence with other
pathogens were assessed. Because of low numbers of Mhf, all hemoplasmas were assessed together
for risk factor analysis. The same applied for the cats positive for Bartonella spp. DNA.

The seroprevalence of T.gondii antibodies was higher in the older age groups. Cats in the age group <
2 years had a seroprevalence of 4.0% (1/25 cats), while cats in the age groups >2-10 years and >10
years had a seroprevalence of 16.4% (9/55 cats) and 15.8% (12/76 cats) respectively. However, the
difference was not significant.

Hemoplasma infection was more common in male cats (10/76 cats; 13.2%) than in female cats (2/62
cats; 3.2%) with an odds ratio of 4.96 (95% Cl: 0.94-26.16), which approached statistical significance
(P=0.059).

The prevalence of FcaGHV1 DNA also increased with age, but the difference was not significant. Cats
< 2 years had a prevalence of 4.0% (1/25), cats >2-10 years had a prevalence of 9.1% (5/55) and cats >
10 years had a prevalence of 17.3% (13/75).

Univariate logistic regression analysis demonstrated a significant association between age groups and
FFV infection. Cats >10 years were more likely to have a FFV infection compared with cats < 2 years
(OR: 3.56; 95% Cl: 1.26-10.12; P=0.017) and cats >2-10 years (OR: 2.44; 95% Cl: 1.15-5.18; P=0.020).
However, after adjustments were made for potential confounders (sex and castration status)
multivariate logistic regression analysis only demonstrated a significant difference between cats >10
years and cats >2-10 years (OR: 2.73; 96% Cl: 1.17-6.39; P=0.020). For an overview of the risk factor
analysis see Table 2.

Regarding co-infections, T. gondii and Bartonella spp. IgG were significantly associated with each other
(OR: 3.94; 95% Cl: 1.14-13.57; P=0.03), which was also true for hemoplasma with FFV (OR: 6.76; 95%
Cl: 1.24-36.94; P=0.027), hemoplasma with FcaGHV1 infection (OR: 66.66; 95% Cl: 9.96-445.99;
P=<0.001) and FFV with FcaGHV1 infection (OR: 3.62; 95% Cl 1.02-12.92; P=0.047). See Table 3.

Table 3. Significant co-occurrences of selected pathogens in client-owned cats from the Netherlands,
calculated with multivariable logistic regression analysis.

Co-occurrence Odds ratio (95% Cl) P value
Bartonella species IgG Toxoplasma gondii 1gG 3.94 (1.14-13.57) 0.030
Hemoplasmas DNA FFV DNA 6.76 (1.24-36.94) 0.027
Hemoplasmas DNA FcaGHV1 DNA 66.66 (9.96-445.99) <0.001
FFV DNA FcaGHV1 DNA 3.62(1.02-12.92) 0.047

FFV= feline foamy virus, FcaGHV1= felic catus gammaherpesvirus 1

10



Discussion

The aims of this study were to estimate the prevalence of selected bloodborne and zoonotic pathogens
in cats from the Netherlands and to assess for associated risk factors and co-infections.

A Bartonella spp. seroprevalence of 12.9% was found in our study (21 of 163 cats), which was lower
than the 52% found in a previous study in the Netherlands (Bergmans et al., 1997), but comparable
with results from other European countries, with seroprevalences ranging from 8-53% (Pennisi et al.,
2013). Bergmans et al. also found an almost tenfold higher prevalence of bacteremia (22%) compared
with the 2.1% (2/163) found in the present study. However, more recent studies performed in
Germany showed comparable results with our study, with evidence of bacteremia in 2.5% and 0% of
cats (Bergmann et al.,, 2017a; Morgenthal et al.,, 2012). This difference in prevalence might be
explained by the fact that the present study solely and the German studies predominantly consisted
of client-owned cats, which probably have been less in contact with fleas or were treated with flea
control products. Most cats in the study of Bergmans et al. were shelter cats which probably have had
higher flea infestation. Flea infestation, outdoor lifestyle, shelter cats and living in a multicat
environment are all previously described risk factors (Bergmann et al., 2017a; Pennisi et al., 2013). In
the present study no associations were found for sex, castration status or age. Previous studies have
shown that young age is a risk factor for bacteremia which might be explained by the fact that the
immune system of young cats may have more difficulties to suppress a primary infection in comparison
with older cats (Bergmann et al., 2017a; Pennisi et al., 2013). In the present study, 1 cat was infected
with B. henselae and 1 cat with B. clarridgeia, which are the most common Bartonella spp. in cats
(Bergmann et al., 2017a).

Toxoplasma gondii seroprevalence was 16.0% (26 of 163 cats) in the study described here, which was
comparable with the seroprevalence of 18.2% from a previous study conducted in the Netherlands
(Opsteegh et al., 2012). In the previous study T. gondii seroprevalence was strongly associated with
age with higher seroprevalence in older cats and peak seroprevalence rates around 20-30% in cats >4
years of age. Our study also showed higher seroprevalence rates in cats >2 years of age, even though
this association was not significant and seroprevalence rates in these age groups were lower (16.4%
for the age group >2-10 years and 15.8% for the age group >10 years) compared with the previous
study. Since other described risk factors such as being a stray cat, hunting behavior and eating raw
meat might have been less present in our study, this could be an explanation for our lower peak
prevalence rates (Opsteegh et al., 2012). Worldwide seroprevalence rates for T. gondii antibodies have
been described to reach up to 50%, especially in stray cats. However, seropositive cats are unlikely to
shed oocysts, as antibodies need two to three weeks to develop after infection and at that time cats
usually do no longer shed (Hartman et al., 2013). The prevalence of oocysts in feces is therefore much
lower, which was also confirmed by Schares et al. (2008), who found an oocyst prevalence of 0.11% in
cat feces from Germany and other European countries.

In our study plasma instead of serum was used to determine antibody titers for T. gondii and Bartonella
spp.. The ELISAs used in this study have predominantly been described for use with serum, but a study
in which plasma was used has also been described (Levy et al., 2008). There has however never been
any study in which antibody titers from simultaneously obtained plasma and serum samples have been
compared for these specific assays. Even though one would expect that antibody titers would be the
same for both sample types, since serum only differs from plasma in that it does not contain fibrinogen
and clotting factors, one must realize that not only differences in sample composition but also
differences in blood sample preparation and storage condition could influence the results. llies et al.
(2017) found that sample collection methods did not influence 1gG concentration, but in our study
Bartonella spp. 1gG titers did differ in plasma compared to serum. All plasma samples with a titer of
1:64 (n=4) were negative in serum and one plasma sample with a titer of 1:128 was positive in serum

11



at 1:256. Based on these finding we adjusted the titer cutoff point for plasma in which titers of 1:128
and higher were considered positive. However, more research is needed in which greater numbers of
both plasma and serum samples are used to compare antibody titers for this specific assay, and to be
able to make more reliable conclusions about the antibody titer outcomes for its use with plasma as
well.

Six of 121 cats (5.0%) appeared to be FIV infected in our study, which was higher than a recent
prevalence (1.5%) found in Germany by Bergmann et al. (2015). Worldwide the seroprevalence is
highly variable between regions and countries and has been estimated at 1-14% in healthy cats and up
to 44% in sick cats (Hosie et al., 2009). Other, less recent studies performed in the Netherlands found
seroprevalence rates of 0-1% in healthy cats and 3-7% in diseased cats (Egberink et al., 1993; Lutz et
al., 1988; Weijer et al., 1988). In the present study we had no information about the clinical background
of the cats and what the proportion of sick cats in our sample was. However, because a large
proportion of the samples originated from cats that were referred to the Department of Clinical
Sciences Companion Animals of the Utrecht Veterinary Faculty, which is a specialized clinic, we should
take into account that our sample might have had a higher proportion of sick cats and thus this would
explain the higher prevalence in our study. Male cats, free roaming cats, non-castrated cats, increasing
age and sick cats have al previously been described as risk factors for FIV infection (Gates et al., 2017;
Hosie et al., 2009). Because of the low number of FIV positive cats in the present study, no associations
were found for sex, castration status, age or co-infections.

In a multi-cat household without control of FelLV infection, it has been described that the course of
infection develops as follows: 30-40% persistent viremic cats (p27 antigen and provirus positive), 30-
40% latent viremic cats (p27 negative and provirus positive), 20-30% abortive infections (p27 and
provirus negative, but antibody positive) and 5% of cats develop an atypical course of infection being
p27 positive and provirus negative (Lutz et al., 2009). In our study the p27 antigen was demonstrated
by use of a commercial ELISA (SNAP® feline triple; IDEXX laboratories), which is an indicator of infection
but not always of viremia, since soluble p27 could also be detected with the absence of provirus.
Therefore, in case of a clinical indication, active infection is usually confirmed by use of a PCR, which is
also able to detect latently infected cats (Lutz et al., 2009). The prevalence of FelV in Europe has been
estimated to be less than 1% in individually kept cats and up to 20% in multi-cat households. However,
thanks to effective eradication programs and vaccinations FelV infection in Europe has greatly
decreased (Lutz et al., 2009). A recent study in Germany confirms this decrease, with FelLV infection
prevalence rates consisting of 1.9% persistent infections, 1.5% latent infections and 4.5% abortive
infections (Bergmann et al., 2015). Our study estimated a FelLV antigenemia prevalence of 3.3% (4 of
121 cats) which is higher than expected. However, for the same reason as the higher estimated FIV
infection in our study, the higher prevalence of FeLV antigen positive cats may be explained by the fact
that cats in our study mainly originated from a specialized clinic, which includes an oncology center.
Especially cats with lymphoma or leukemia are at higher risk of being FelV infected compared with
cats without lymphoma or leukemia. This was confirmed by Stiitzer et al. (2011) who found a 20.8%
prevalence of FelLV antigenemia in cats with lymphoma or leukemia in Germany. Thus, a higher
proportion of sick cats, possibly with a contribution of cats with lymphoma or leukemia may explain
the estimated prevalence of FelLV found in the present study. Further, no risk factors were found in
the present study. Risk factors previously found in other studies include multi-cat households, young
age, high population density and poor hygiene (Lutz et al., 2009).

None of the cats in our study were D. immitis antigen positive. This was not surprising, since this
parasite is not endemic in this country. However, a study performed in Germany reported D. immitis
infected mosquitoes (Kronefeld et al., 2014) and infection has been reported in dogs in the
Netherlands as well (Genchi et al., 2014). D. immitis infection rates in cats appear to be lower than in
dogs (about 9-18% of the rate in unprotected dogs) and the detection of infection is also more difficult
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in cats compared to dogs, making false negative results more likely. The parasitic life cycle in the cat
differs in that from the dog by the fact that only a low number of L3 larvae develop into adults,
production of microfilariae rarely occurs, or only at low loads, and microfilaremia lasts for a shorter
period. In our study a commercial ELISA was used which detects circulating antigens of adult D. immitis
females but has a low sensitivity in cats. Detection of anti-D. immitis antibodies would have given us
more information about parasitic exposure, irrespective of the parasitic load. Because of global
warming as well as increasing numbers of travelling dogs, D. immitis will continue to spread to more
northern and eastern located countries, which will increase its relevance throughout Europe (Pennisi
et al., 2017b).

Infection of either one or two of the hemoplasmas was detected in 17 of 163 cats (10.4%), which was
comparable with prevalence rates of 9.4% and 7.2% previously found in Germany by Bergmann et al.
(2017b) and Morgenthal et al. (2012) respectively. In our study Mhm was by far the most predominant
species which was similar to the aforementioned studies. Mhf, which is the most pathogenic
hemoplasma spp., was only found in 2 cats (either alone or as co-infection with Mhm) and Mt was
found in none of the cats. Bergmann et al. also did not detect Mt in their study while Morgenthal et al.
did. In our study, hemoplasma DNA was more common in male cats than in female cats, which almost
reached significance (P=0.059), and is in agreement with previous studies (Bergmann et al., 2017b).
This finding supports the presumable main route of transmission via cat fighting. Associations found in
other studies such as outdoor access, shelter cats, multi-cat households and FIV infection also support
this transmission route for hemoplasmas (Bennett et al., 2011; Bergmann et al., 2017b).

None of the cats in our study were found to be infected with Anaplasma or Ehrlichia spp. No previous
prevalence studies for these pathogens have been conducted in the Netherlands so far, but in Germany
prevalence rates of 0.1% and 0.4% were found for A. phagocytophilum, while Ehrlichia spp. were not
detected (Bergmann et al., 2015; Morgenthal et al., 2012; Hamel et al. 2012). Since Ixodes spp., which
serve as vector for A. phagocytophilum, are the most predominant tick species in the Netherlands, and
A. phagocytophilum infected ticks have been found in this country, one would expect to find infected
cats here as well (Nijhof et al., 2007). Future serological studies could provide us with more information
about Anaplasma spp. exposure in cats from the Netherlands rather than recent infections alone.
Ehrlichia spp. and A. platys infections, on the other hand, are less likely for cats in the Netherlands,
since their vector R. sanguineus is less common in this country and mostly introduced by dogs and cats
with a travel history (Nijhof et al., 2007; Pennisi et al., 2017a). However, their importance may increase
with climate changes or with increasing numbers of imported animals.

In the study described here, evidence of FFV infection was detected in 44.0% (66/150) of cats. To our
knowledge no FFV prevalence studies based on molecular assays have been performed thus far, but
previously performed seroepidemiological studies estimated a prevalence of 39% and 36% in cats
from Germany (Bleiholder et al., 2011) and Switzerland (Romen et al., 2006) respectively, which was
comparable with our results, but much higher seroprevalences have been described outside of Europe
as well (Winkler et al., 1999). FFV prevalence rates based on molecular assays or serological assays
might be comparable because FFV transmission results in persistent infections. Winkler et al. (1999)
demonstrated that in 30 randomly selected cats all FFV PCR positive cats were FFV antibody positive
as well and that only one FFV antibody positive cats was PCR negative. This PCR negative result might
have been because of a low proviral load which could not be detected by PCR. If the real-time PCR
assay in our study was not able to detect low viral loads as well, one would expect that the true
prevalence of infected cats would be higher. Future studies in which both serological assays as well as
the recently used real-time PCR assay would be used together, could possibly provide us with more
information about this. In our study FFV infection increased with age in which cats >10 years were
significantly more likely to be FFV infected than cats >2-10 years. Other studies also demonstrated that
increasing age was associated with a higher prevalence (Bleiholder et al., 2011; Winkler et al., 1999).
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The major transmission route is believed to be via saliva, mainly by social contact between cats such
as with grooming and sharing food (Pinto-Santini et al., 2017). The exact role of FFV virus infection in
cats is not clear yet. FFV infection has a high prevalence in both healthy and diseased cats and since
no association with clinical disease has been discovered thus far it is considered apathogenic. A
previous study in which 8 cats were experimentally infected, however, did reveal histologic evidence
of mild glomerulonephritis and a moderate interstitial pneumonia of all cats (German et al., 2008).
Moreover, the role of FFV in exacerbating other viral infections has not been studied yet but simian
immunodeficiency virus (SIV) infected macaques in a research setting were sicker and died sooner if
they were also naturally infected with simian foamy virus (SFV) (Pinto-Santini et al., 2017). It would
thus be interesting to find out if a FFV infection influences disease progression in FIV infected cats as
well. Other than for SFV, there is currently no evidence of zoonotic transmission for FFV (Pinto-Santini
etal., 2017).

Finally, our study found a prevalence of 13.0% (21/162 cats) for FcaGHV1 infection, which was in
agreement with previous found prevalence rates of 9.6-19.1% in Germany, Austria, Australia,
Singapore, the UK and the USA (Beatty et al., 2014; Ertl et al., 2015; McLuckie et al., 2016). Previous
studies showed that FcaGHV1 infection increased with age, which was also found in our study (not
significant) and supports horizontal rather than vertical transmission. In our study we also found a clear
association between FcaGHV1 and hemoplasma infection which was in agreement with Beatty et al.
and McLuckie et al.. This in combination with previously found associations with male sex, non-
castrated cats and FIV supports the role of aggressive contact as the mode of transmission (Beatty et
al., 2014; Ertl et al., 2015; McLuckie et al., 2016; Stutzman-Rodriguez et al., 2016). The pathogenic role
of FcaGHV1 infection in cats still remains unknown and further research is needed to determine its
relevance. Especially because human gammaherpesvirus infections have shown to play a causative role
in HIV associated lymphomas, and a similar association of FcaGHC1 with FIV infection might exist as
well (Troyer et al., 2014).

Further, co-occurrences of FcaGHV1 with FFV, FFV with hemoplasma and T. gondii with Bartonella spp.
IgG were found. These co-occurrences have presumably been found because infections with these
pathogens increased with age and thus were more frequently found as co-infections in older cats.

Conclusions

Results of this study confirm that Bartonella spp., T. gondii, FIV, FeLV, hemoplasma, FFV and FcaGHV1
infection occurs in client-owned cats from the Netherlands. Further research is needed to understand
the exact pathogenic role of FFV and FcaGHV1 infection in cats. The main limitation of our study is the
fact that our sample mainly consisted of cats that were referred to a specialized clinic. Our results may
therefore not represent the average Dutch cat population, but rather a cat population with a higher
proportion of diseased cats. Nonetheless, our study still gives a good insight in the occurrence of
relevant infectious agents in cats from the Netherlands and these pathogens should thus be on
differential lists of cats with appropriate clinical signs.
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