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Abstract
Aims: Zoonotic arboviruses (arthropod-borne) of the Orthoflavivirus genus, such as 
West Nile virus (WNV), Usutu virus (USUV) and Tick-borne encephalitis virus (TBEV), 
are emerging in Northwestern Europe and pose a threat to both human and animal 
health. In the Netherlands, passive symptomatic surveillance (notification of clinical 
cases) in horses is one of the main pillars for the early detection of WNV. For such pas-
sive surveillance to work properly, horse owners and veterinarians need to recognize 
symptoms and report suspected cases to the authorities. Currently, little is known 
about the seroprevalence of orthoflaviviruses in domestic animals in the Netherlands. 
Therefore, this study aims at identifying the seroprevalence of WNV and USUV in 
horses and dogs in the Netherlands. Additionally, this study seeks to evaluate the 
knowledge and perceptions of Dutch horse owners towards mosquito-borne viruses.
Methods and Results: A cross-sectional serosurvey in horses and dogs was conducted 
between May 2021 and May 2022. Serum samples were screened using an ELISA and 
doubtful and positive samples were confirmed by Virus Neutralization Tests for WNV, 
USUV and TBEV. A validated questionnaire, the MosquitoWise survey, was used to 
assess the knowledge and perceptions of Dutch horse owners towards mosquito-
borne viruses between July and October 2022. The serosurvey revealed a low sero-
prevalence for WNV in horses and no WNV-positive dogs were found. Similarly, a low 
USUV seroprevalence was found in dogs. The MosquitoWise survey revealed a high 
knowledge level for horse owners and high awareness of WNV vaccination but a more 
limited intent to vaccinate.
Conclusions: The low seroprevalences of WNV and USUV indicate many dogs and 
horses remain susceptible, offering opportunities for trend analysis and surveillance. 
However, despite multiple recent detections of WNV, USUV, and TBEV in humans, the 
role of dogs and horses in early detection of human cases is debatable. High aware-
ness among horse owners and the absence of detected equine WNV cases highlight 
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1  |  INTRODUC TION

Zoonotic arboviruses (arthropod-borne) of the Orthoflavivirus genus 
are emerging in Northwestern Europe and pose a threat to human 
and animal health. Three orthoflaviviruses have been detected in 
the Netherlands so far: Usutu virus (USUV), West Nile virus (WNV) 
and Tick-borne encephalitis virus (TBEV) (Beck et  al.,  2013). The 
viruses are maintained in a cycle of enzootic circulation between 
mosquitoes and birds in the case of USUV and WNV and between 
ticks and mammals in the case of TBEV (Beck et  al.,  2013). Spill-
over to dead-end hosts can occur through bites of infected vectors. 
Although infection often goes unnoticed in animals, clinical disease 
has been reported in birds (USUV and WNV), horses (WNV and spo-
radically for USUV and TBEV) and dogs (WNV and TBEV) (Hubálek 
et al., 2014). In humans, WNV and TBEV infections generally cause 
mild, flu-like symptoms but can develop into severe neurological 
disease in a small percentage of cases. In contrast, USUV infection 
rarely leads to severe human disease (Beck et al., 2013).

Mosquito-borne orthoflaviviruses have been present in Europe 
for over two decades. USUV was first detected in Austria in 2001 and, 
retrospectively, found in Italy in samples from 1996 (Weissenböck 
et al., 2013). WNV is one of the most widespread arboviruses in the 
world and has been present in Europe since 1996. Both USUV and 
WNV have now been detected in many parts of Europe. However, 
no clinical cases have been detected in the United Kingdom (UK) 
and Scandinavia (ECDC, 2023; Simonin, 2024). Bagaza virus (BAGV), 
an orthoflavivirus from the Ntaya serocomplex, appears to be re-
stricted to Spain and Portugal (Falcão et al., 2023). Tick-borne or-
thoflaviviruses TBEV and Louping ill virus (LIV) have been present in 
Europe for almost a century. LIV detection is primarily limited to the 
British Isles, but cases have also been detected in Norway and Spain 
(Jeffries et al., 2014). TBEV is widespread in Europe, including the 
UK (Van Heuverswyn et al., 2023). Over the past decade, orthoflavi-
viruses have been moving towards the Netherlands, resulting in the 
first detection of USUV in 2016 (Zaaijer et al., 2019). USUV caused 
large bird die-offs in the Netherlands during an outbreak and has 
been detected in birds and mosquitoes every year since its detection 
(Oude Munnink et al., 2020; Rijks et al., 2016). Since 2016, 12 human 
cases of TBEV have been identified, and the virus has also been de-
tected in ticks and wildlife (Dekker et al., 2019). In 2020, WNV was 
first detected in the Netherlands in birds and mosquitoes (Sikkema 
et al., 2020). Since then, eight human cases have been identified in 
two regions (RIVM, 2020; Vlaskamp et al., 2020). The virus was de-
tected again in a Grey Heron (Ardea cinerea) in a new region in 2022 
(RIVM, 2022).

Within the Orthoflavivirus genus, there are multiple sero-
complexes that consist of antigenically related viruses (Calisher 
et  al.,  1989; Rathore & St. John,  2020). USUV and WNV are part 
of the Japanese encephalitis (JE) serocomplex, while TBEV and LIV 
are part of the TBE serocomplex (Calisher et  al.,  1989; Cavalleri 
et al., 2022). Antibodies within a serocomplex may show significant 
cross-reactive responses in serologic analyses. Moreover, cross-
reactions even occur between viruses from the JE and the Ntaya 
serocomplex (Llorente et al., 2019). Cross-reaction hampers the di-
agnosis of clinical cases, as well as, the estimation of seroprevalence 
in a population. As many orthoflaviviruses co-circulate in parts of 
Europe, co-infection, or sequential infection of multiple viruses in one 
host, may occur. This further complicates the diagnosis and correct 
identification of the infecting virus(es). For seroprevalence studies, 
the general approach is to use a screening method with a sensitive 
but less specific test (Beck et al., 2013, 2017; WOAH, 2018). Positive 
samples are then confirmed using virus neutralization tests (VNTs) 
or similar neutralization tests (Beck et al., 2017; WOAH, 2018). To 
conclude which virus had been the infecting virus, titres between 
cross-reactive viruses are compared and a fourfold difference or 
greater is regarded to indicate the infecting virus (WOAH, 2018).

Early-detection and surveillance strategies are regularly used 
to protect human and animal health from emerging arboviruses. 
Usual surveillance strategies include vector, animal and human 
surveillance or a combination of these (Beck et  al.,  2013). In the 
Netherlands, passive symptomatic surveillance in horses is one of 
the pillars of early detection of WNV, in addition to human, bird 
and vector surveillance (Braks & van den Kerkhof,  2021). For the 
symptomatic surveillance to work accurately, horse owners and vet-
erinarians need to recognize symptoms and report suspected cases 
to the authorities (Chapman et al., 2018). As mammals do not often 
display overt clinical signs of disease, serological investigations are 

this uncertainty. Continued surveillance is crucial for detecting increased virus circu-
lation and protecting both animal and human health.
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Impacts

•	 This study identified the first serological detections 
of orthoflavivirus infections in horses and dogs in the 
Netherlands.

•	 Baseline WNV and USUV seroprevalence is low in 
horses and dogs in the Netherlands.

•	 Horse owner awareness and knowledge of mosquito-
borne viruses is high compared to the general Dutch 
population.

 18632378, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/zph.13171 by W

ageningen U
niversity A

nd R
esearch Facilitair B

edrijf, W
iley O

nline L
ibrary on [06/08/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



    |  3STRENG et al.

often used in surveillance programmes to investigate past virus cir-
culation or spread. Commonly used mammal species for serological 
investigations are horses, dogs and wildlife, such as deer and wild 
boar (Adjadj et  al.,  2022; Escribano-Romero et  al.,  2015; García-
Bocanegra et al., 2018; Garcia-Vozmediano et al., 2022). However, 
horses can be vaccinated against WNV. While vaccination protects 
against disease, it also interferes with serological diagnostics. This 
interference is mainly seen for IgG detection, but IgM detection after 
recent vaccination has also been described (Cavalleri et  al.,  2022; 
Joó et al., 2017; Monaco et al., 2019). As such, the use of horses for 
surveillance is limited in areas where a large proportion of the popu-
lation has been vaccinated (Beck et al., 2013).

To date, few studies have investigated the seroprevalence of 
the abovementioned viruses in the Netherlands (Jahfari et al., 2017; 
Wijburg et al., 2022; Zaaijer et al., 2019). However, cross-sectional 
or longitudinal serosurveys may provide useful information on risk 
regions and risk factors, which may guide future surveillance or 
intervention strategies. The Netherlands has a large equine com-
munity with an estimated number of 450,000 horses and 400,000 
active riders (KNHS, 2016). In addition, around 1.8 million dogs are 
kept as pets (Dibevo,  2022). Thus, these widely distributed spe-
cies may be useful in arboviral surveillance. Additionally, no studies 
have been performed to investigate perceptions and preventive be-
haviours of horse owners towards mosquito-borne viruses (MBVs) 
in the Netherlands. This is crucial because these perceptions and 
behaviours are key in the current symptomatic surveillance strategy.

In this study, we set out to determine baseline seroprevalences 
for USUV and WNV in horses (Equus caballus) and dogs (Canis lupus 
familiaris). Additionally, we investigated horse owner perceptions and 
preventive behaviours towards MBVs, with a special focus on WNV, 
by using an online questionnaire. By combining these two methods, 
we aimed to get a better understanding of the potential role of do-
mestic animals for orthoflavivirus surveillance in the Netherlands.

2  |  MATERIAL S AND METHODS

A cross-sectional serosurvey was used to estimate seropreva-
lences of WNV and USUV in horses and dogs in the Netherlands. 
Additionally, horse owners and caretakers' (hereafter called horse 
owners) perceptions and preventive behaviours towards MBVs were 
assessed by using an adapted version of the MosquitoWise survey 
(Abourashed et al., 2024).

2.1  |  Serosurvey

2.1.1  |  Study design and sampling

The required sample size was 381 samples per species (CI 95%, 
error 1%), with an estimated seroprevalence of 1% and an estimated 
population of 450,000 horses and 1.8 million dogs (Sergeant, 2018). 
Veterinary practices were recruited through advertisements in 

e-mail, digital newsletters, social media (Facebook and LinkedIn), the 
Netherlands Journal of Veterinary Science and personal communi-
cation. All veterinary practices treating horses, dogs or both were 
eligible to participate in the study.

Animals were selected by the participating veterinarians. Animals 
were only enrolled if they were over 1-year old, had never been 
abroad and were never vaccinated against WNV (due to its interfer-
ence with the diagnostic tests). Informed consent was acquired from 
owners prior to including their animal(s) in the study. A maximum of 
five animals per holding were included. Sampling took place from 1 
May 2021 until 1 May 2022.

Serum samples were collected by jugular or cephalic venepunc-
ture. A questionnaire was filled out for each animal (in Dutch, avail-
able in Appendix S2). At the laboratory, sera were stored at −20°C 
until testing.

2.1.2  |  Serological assays

Laboratory analyses were performed at the Dutch national refer-
ence laboratory for notifiable diseases in animals in Lelystad. All 
samples were initially screened for orthoflavivirus antibodies by a 
commercial WNV enzyme-linked immunosorbent assay (ELISA) (ID 
Screen®, West Nile Competition Multi-species, IDvet Innovative 
Diagnostics, France). This ELISA detects anti-E protein antibodies 
of both USUV and WNV and is known to show cross-reactions to 
other orthoflaviviruses such as TBEV (Beck et al., 2017). In addition 
to the standard manufacturer protocol, a dilution series of the posi-
tive control was tested (1:8 and 1:16). The signal to noise (S/N%) was 
calculated by using the mean optical density (OD) value of the two 
negative controls. Horses sampled from the 1st of May until the 2nd 
of November 2021 (with sufficient amount of serum left) or with 
doubtful and positive competition ELISA results were also tested for 
WNV IgM antibodies by a commercial ELISA (ID Screen®, West Nile 
IgM Capture, IDvet Innovative Diagnostics, France). This was done 
to test for recent infections.

Doubtful and positive horse and dog samples were subsequently 
tested by Virus Neutralization Tests (VNTs). Sera were tested in du-
plicate in VNTs for WNV, USUV and TBEV, according to a previously 
described method (WOAH, 2018). In short, sera were inactivated for 
30 min at 56°C. Three-fold serial dilutions were made ranging from 
1:10 to 1:2430 for WNV and USUV and from 1:20 to 1:4860 for 
TBEV. Subsequently, 50ul containing about 100 TCID50 of either 
WNV (GenBank accession no. HQ537483), USUV (GenBank acces-
sion no. OP007489) or TBEV (GenBank accession no. M77799) was 
added to each well and incubated at 37°C in 5% CO2 for 1.5 h. The 
virus titre was confirmed by performing back titrations alongside 
the VNTs. Positive (experimentally infected horse for WNV, field 
infected bird for USUV, vaccinated human for TBEV) and negative 
(Dutch horses pooled sample, 2007) controls were included. Finally, 
50uL of virus susceptible cells were added, meaning 15,000 cells/
well Vero-CCL81 cells for WNV and USUV or 7500 cells/well BHK-
21 cells for TBEV. Plates were then incubated for four (TBEV) or six 
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(WNV and USUV) days at 37°C in 5% CO2. Readout was performed 
by scoring each well for the degree of cytopathic effect (CPE). Titres 
of each replicate were calculated using the reciprocal dilution at 
which 50% or more CPE was present. The titre for each sample was 
calculated as the average of titres of both duplicates after logarith-
mic transformation. Titres of ≥10 (USUV and WNV) or ≥20 (TBEV) 
were considered positive as determined by testing reference sam-
ples of naturally and experimentally infected equines and/or birds 
and negative equine samples. Additionally, samples just below ELISA 
cut-off (S/N% values 50–60) were tested in all VNTs, and none of 
those had a neutralizing titre. Infection with a specific virus was con-
firmed if the VNT titre for the specific virus was at least four-fold 
higher compared to the other virus(es). In case the titre difference 
was smaller, results were classified as undetermined orthoflavivirus 
exposure. To double-check if animals with positive samples com-
plied with all inclusion and exclusion criteria, veterinarians of ELISA-
positive animals were contacted and asked to confirm vaccination 
and travel history.

2.2  |  MosquitoWise survey

The MosquitoWise survey was developed for a European-wide 
audience and is based on an adapted Health Believe Model (HBM) 
(Abourashed et  al.,  2024). The survey was designed to measure 
health belief and intent to show preventive behaviour against MBVs. 
Additionally, other questions to obtain information on demograph-
ics and sources of information were included. For this study, seven 
additional questions were added and are shown in Appendix  S3. 
These questions were shown only to Dutch participants who an-
swered “Yes” to the question “Do you own or take care of at least 
one horse for a minimum of one day per week?” Horse owners were 
recruited through advertorials in newsletters from Dutch equine or-
ganizations (KNHS, KWPN and FNRS), social media posts (LinkedIn, 
Twitter and Facebook) and an online equine forum (Bokt.nl). The re-
cruitment period ran from July 2022 until October 2022, after which 
the questionnaire was closed.

2.3  |  Data analysis

MosquitoWise answers were extracted from the LimeSurvey plat-
form in November 2022. Data from both the seroprevalence study 
and MosquitoWise survey were stored in Microsoft Excel (version 
2208). Postal codes were converted into two-digit postal codes to 
ensure pseudonymization of owner data. Results were analysed with 
R by using RStudio, version 2023.03.1 + 446. The observed sero-
prevalence was calculated as the percentage of VNT-confirmed sam-
ples for a specific virus out of the total sample size for that species. 
MosquitoWise knowledge scores were determined by awarding one 
point to each correct knowledge question answer and then calculat-
ing the total number of points (min. 0, max. 9 points). Participants 
were then divided into minimum (0–2 points), intermediate (3–6 

points) and high knowledge (7–9 points). Reverse barrier scoring 
was used in calculation of the HBM sum score and in the barriers 
construct score. A higher barrier construct score, thus, indicates 
lower barriers for using prevention measures were experienced by 
respondents.

3  |  RESULTS

3.1  |  Serosurvey

In total, 61 veterinary practices agreed to participate in the study. 
Eventually, 47 practices submitted one or more serum samples dur-
ing the study period. They collected 628 sera: 258 from dogs and 
370 from horses (see Table 2). Samples were collected in all 12 prov-
inces of the Netherlands. Most samples originated from Utrecht 
(24%), South-Holland (19%) and North-Brabant (19%). All data ob-
tained in the serosurvey is shown in Appendix S1.

3.1.1  |  Serology

Seven dogs (7/258) and 18 horses (18/370) had doubtful or posi-
tive ELISA results. These 18 horses all tested negative for IgM anti-
bodies. All competition ELISA-negative horses sampled from 1st of 
May–2nd of November 2021 (n = 166) also tested negative for IgM 
antibodies, except for one horse with a borderline doubtful result 
(S/P 36%). Seven ELISA-positive animals (six horses and one dog) 
were excluded from further analyses. Four horses appeared to have 
been vaccinated, two had been abroad and there was insufficient 
serum present to perform VNTs for one dog. More information on 
the excluded animals can be found in Appendix S4. Table 1 shows 
the results of all ELISA-positive sera tested in VNTs. A spatial over-
view of the results of the serosurvey is shown in Figure 1. The map 
shows that the seropositive animals were located near areas where 
USUV, WNV and TBEV (includes virus and serological detections) 
had been detected in mosquitoes, wildlife or humans from 2016 
until May 2022 (RIVM, 2023; Oude Munnink et al., 2020; Sikkema 
et al., 2020).

Based on these results, an observed seroprevalence of 0.27% 
(1/364, 95% CI [0.00–0.81]) was found for WNV in horses. One 
dog was USUV positive, resulting in an observed seroprevalence of 
0.39% (1/257, 95% CI [0.00–1.15]).

3.1.2  |  Serosurvey questionnaire

Table 2 shows the owner responses to the serosurvey questionnaire. 
Most dogs (79%) were housed in urban areas, while most horses 
(75%) were housed in agricultural areas. The amount of time spent 
outside differed systematically between both species. While most 
dogs daily spent 0–6 h outside, the majority of horses spent >6 h 
outside. Interestingly, a higher percentage of dogs received insect 
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    |  5STRENG et al.

repellents, yet more dogs than horses had one or more ticks re-
moved during the 12 months before sampling. Due to the small num-
ber of detected WNV and USUV infections in this study, we could 
not perform any further analyses on risk factors based on answers 
from the owner questionnaire.

3.2  |  MosquitoWise survey targeted at 
horse owners

3.2.1  |  Demographics

The horse owner-targeted survey was accessed 535 times during the 
sampling period. A total of 235 responses were excluded due to in-
completeness (n = 216), not owning or taking care of a horse (n = 18) 
or living outside of the Netherlands (n = 1). Full responses were ob-
tained from 300 horse owners. Of the respondents, 279 (93%) were 
female and 14 (4.7%) were male.

Ages of respondents ranged from 18 to 86 years with a me-
dian age of 41, which is lower than the median age of the Dutch 
population (42.4) (CBS, 2022b). Most respondents completed post-
secondary education or higher (89%) and were employed when fill-
ing out the survey (79%). A large proportion (27%) of respondents 
were working as healthcare practitioners or technical and health-
care supporters at the time of the study, whereas the overall Dutch 
employment in healthcare is 16% (CBS, 2022a). The majority of the 
survey's respondents lived in rural areas (68%), compared to only 
about 30% of the total Dutch population (Steenbekkers et al., 2017).

3.2.2  |  Knowledge and HBM scores

Knowledge scores ranged from 0 to 9, with a median of 6 and mean 
of 5.96. Twelve horse owners (4%) had a minimum knowledge level, 
154 (51.33%) had an intermediate knowledge level and the remain-
ing 134 (44.67%) had a high knowledge level. Scores for separate 
constructs and the total HBM score are shown in Table 3. The high 
‘cues to action’ construct score indicates that cues have a positive 
effect on the horse owners' overall intent to use preventive meas-
ures. The perceived severity scores indicate that horse owners are 
aware that infections with MBVs can lead to (severe) disease in hu-
mans. The overall mean HBM score was 29.41. This suggests that 
horse owners have a moderate to moderately high level of intention 
to use prevention measures (to protect themselves) based on the 
HBM framework.

3.2.3  |  Horse owner specific questions

Most horse owners were aware of the option to vaccinate their 
horse(s) against WNV (85%). However, just over half (50.67%) of 
the horse owners would consider to vaccinate or were already 
vaccinating their horse(s) yearly. Yearly vaccination was described 
as a double vaccination in the first year, followed by a yearly sin-
gle vaccination of approximately €55, excluding call-out fees. 
Respondents were then asked whether they applied preventive 
measures against insect bites for their horse (not specifically 
against mosquitoes). For this question, the most frequently chosen 

Animal ID Species Agea WNV USUV TBEV Conclusion

4 Horse 14 <10 <10 <20 Negative

67 Horse 13 <10 <10 <20 Negative

118 Horse 5 <10 <10 <20 Negative

122 Horse 10 30 <10 <20 WNV infection

133 Horse 5 <10 <10 <20 Negative

179 Horse 16 5.7 <10 <20 Negative

194 Horse 24 <10 <10 <20 Negative

208 Horse 13 <10 <10 <20 Negative

249 Horse 17 <10 <10 11.5 Negative

258 Dog 10 <10 <10 <20 Negative

328 Horse 18 <10 <10 <20 Negative

343 Dog 6 <10 <10 <20 Negative

366 Horse 11 <10 <10 <20 Negative

447 Dog 7 5.7 <10 <20 Negative

488 Dog 10 10 10 <20 Undetermined 
orthoflavivirus

525 Dog 7 <10 <10 <20 Negative

593 Dog 14 <10 17.3 <20 USUV infection

602 Horse 12 Cell toxicity <20 Not interpretable

Abbreviations: TBEV, Tick-Borne Encephalitis virus; USUV, Usutu virus; WNV, West Nile virus.
aAge in years.

TA B L E  1  Results of ELISA-positive sera 
tested in VNTs.
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multiple-choice options ‘use of a fly mask’ (72.33%), ‘daily use of 
insect repellent spray’ (54%) and ‘use of a fly banket’ (57.33%). 
Additionally, 33 respondents used the ‘other’ textbox to describe 
their preventive measures. These responses included a wide range 
of answers, such as spraying insecticides in the stable, chang-
ing feed or supplements and encouraging natural enemies (e.g., 
Hirundinidae species). A few respondents gave answers unrelated 
to prevention of insect bites, such as vaccination and prednisone 
administration. Twenty-three horse owners (7.67%) did not take 
any preventive measures. Respondents were asked for which 
symptom(s) in their horse(s) they would contact their veterinarian. 
Answers to this question, shown in Figure  2, indicate that most 
horse owners would contact their veterinarian for symptoms such 
as fever and neurological symptoms. Only two respondents (0.7%) 
indicated they would not contact their veterinarian for any of the 
mentioned symptoms.

Social media (22.3%) and online equine fora (24.3%) (Bokt.nl in 
our case) were the most frequently mentioned sources of informa-
tion for mosquitoes and MBVs. The (equine) veterinarian is another 
important information source (19.3%). Interestingly, 45.8% of horse 
owners did not recently read or receive any information about MBVs 
via any of the proposed information channels.

Figure  3 shows the 7-point Likert scale responses to the two 
remaining questions. A majority felt that their veterinarian was re-
sponsible for informing them about MBVs in horses. About half of 
the respondents removed breeding sites in the stabling area.

4  |  DISCUSSION

In this study, we investigated the seroprevalence of WNV and USUV 
in domestic horses and dogs and studied the MBV knowledge and 
perceptions of horse owners in the Netherlands. We found a low 
observed seroprevalence for USUV and WNV between May 2021 
and May 2022. The MosquitoWise survey revealed a high knowl-
edge level for horse owners and high awareness of WNV vaccination 
but a lower intention to vaccinate.

4.1  |  Serosurvey

The required sample size as calculated prior to the study was not met 
for both horses and dogs. Veterinarians received monthly remind-
ers to submit samples, but many practices mentioned the effect of 
COVID-19 pandemic measures and personnel shortage on their abil-
ity to cooperate. Some equine veterinarians actively promoted WNV 
vaccination at the start of 2021, lowering the number of horses suit-
able for inclusion in the study.

This was the first study to investigate the seroprevalence of WNV 
and USUV in domestic animals in the Netherlands. In 2018, Zaaijer 
et al. (2019) performed an USUV screening study in Dutch blood do-
nors and found that 0.45% of the donors showed USUV IgG responses 
in September and a similar result was found in Dutch bird ringers in 
2021 (De Bellegarde De Saint Lary et al., 2023). Our findings are in 

F I G U R E  1  Serosurvey results shown 
in two-digit postal code areas. Earlier 
detections (colour shaded areas) published 
up to the end of the serosurvey in May 
2022 are included (Esser et al., 2022; 
Oude Munnink et al., 2020; Sikkema 
et al., 2020; Vlaskamp et al., 2020). Map 
was created by using QGIS, version 
3.22.5.
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line with both studies in humans. The low seroprevalence for USUV is 
interesting considering the circulation of the virus since 2016 and high 
impact on the bird community (Rijks et al., 2016). Possible explanations 
for this finding are that antibody titres of our study animals had already 
waned or that animals were never infected, potentially due to housing 
conditions or specific host-preferences of vectors (Clé et al., 2019).

Horses are extensively used for WNV seroprevalence stud-
ies throughout Europe (Metz et  al.,  2021). In eastern Germany, 
Ganzenberg et al. (2022) found a seroprevalence of 5.8% for WNV in 
horses in 2020. It is noteworthy that they also included animals with 

a foreign background. In eastern Austria, seroprevalence in horses 
was 15.5% for TBEV, 5.3% for WNV and 0% for USUV in 2017. Again, 
some horses had questionable countries of origin or travel history. 
Therefore, they also mention an ‘autochthonous prevalence’ of 1.2% 
for WNV (De Heus et al., 2021). We also noted the exclusion of six 
horses as owners initially did not declare the right country of origin or 
vaccination status. This highlights the fact that our data, and also that 
from other studies, should be interpreted with caution. Equine WNV 
seroprevalence in Spain is much higher, namely 19.7% in western Spain 
(in 2018–2019) and even 25.0% (in 2020) in feral horses in the south-
west (Guerrero-Carvajal et al., 2021; Magallanes et al., 2023). Multiple 
countries have used dogs to study WNV, TBEV and (to a lesser extent) 
USUV seroprevalence (García-Bocanegra et  al.,  2018). In France, an 
USUV seroprevalence of 1.08% was found in dogs between 2016 and 
2020. This seroprevalence is slightly higher than our findings. In the 
same study, a higher seroprevalence was found for both USUV (3.83%) 
and WNV (13.19%) in horses (Constant et al., 2022). Differences in se-
roprevalence between countries and animal species can be explained 
by many factors, such as endemicity of the virus, sampling strategy, 
demographics and housing conditions of the animals. Furthermore, 
there are notable differences in types of diagnostic methods used, 
which hampers comparability of seroprevalence estimates between 
countries (García-Bocanegra et al., 2018; Metz et al., 2021).

The majority of doubtful and positive ELISA sera turned out to be 
negative in all VNTs, while specificity is presumed to be high for horse 
sera (Beck et al., 2017). An explanation for this may be waned antibody 
titres below detection limits of the VNTs. Orthoflavivirus antibody 
persistence differs per virus and for each host species. Evidence sug-
gests long-term persistence of antibodies for WNV and TBEV in multi-
ple species, including horses (Klaus et al., 2014; Percivalle et al., 2020; 
Trachsel et al., 2021). No studies have been published on orthoflavivi-
rus antibody waning in dogs. Furthermore, the higher starting dilution 
of TBEV compared to that of USUV and WNV might have resulted in 
false-negative outcomes for sera in the TBEV VNT. Another explana-
tion may be that these ELISA positives could be due to circulation of 
other viruses not tested for neutralizing antibodies in this study, such 
as BAGV or LIV. This was also suggested by a recent study performed 

TA B L E  2  Results of the serosurvey owner questionnaire, n (%) 
for horses and dogs separately.

Species

Horse, N = 364 Dog, N = 258

Age 12 (6, 17)a 4 (1, 8)a

Sex

Female 196 (54%) 139 (54%)

Male 168 (46%) 119 (46%)

Housing area

Agricultural 273 (75%) 43 (17%)

Agricultural/Nature 8 (2.2%) 2 (0.8%)

Urban 51 (14%) 204 (79%)

Urban/Nature 3 (0.8%) 3 (1.2%)

Nature 28 (7.7%) 5 (1.9%)

Amount of time spent outside per day (per 24 h)

0–6 h 92 (25%) 203 (79%)

6–12 h 139 (38%) 40 (16%)

12–18 h 30 (8.2%) 7 (2.7%)

>18 h 103 (28%) 6 (2.3%)

Use of repellent in vector season

No 236 (65%) 88 (35%)

Yes 128 (35%) 166 (65%)

Tick(s) removed within 12 months prior to sampling

No 328 (90%) 171 (67%)

Yes 35 (9.6%) 83 (33%)

Type of outdoor space

Paddock 33 (9.1%) –

Pasture 154 (42%) –

Both 176 (48%) –

Use of a blanket during vector season (April–November)

No 224 (62%) –

Yes 140 (38%) –

Number of horses on premise

1–2 51 (14%) –

3–10 141 (39%) –

10–20 32 (8.8%) –

>20 140 (38%) –

aMedian (Inter Quartile Range).

TA B L E  3  Health belief model construct and total scores for 
horse owners.

Construct
Mean [25%–75%] median score, 
N = 300

Perceived susceptibility 4.34 [3.75–5.00], 4.25

Perceived severity 5.48 [4.67–6.00], 5.67

Perceived benefits 4.81 [4.33–5.33], 5.00

Perceived barriers 4.85 [4.00–6.00], 5.00

Cues to action 5.28 [4.67–6.00], 5.33

Self-efficacy 4.65 [4.00–5.50], 4.75

HBM total score 29.41 [27.29–31.58], 29.46

Note: The construct score range is 1–7. The total HBM score range is 
6–42.
Abbreviation: HBM, Health Belief Model.
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by Laidoudi et al. (2023) in France. However, published BAGV detec-
tions in Europe are limited to Spain and Portugal (Benzarti et al., 2019). 
Furthermore, there are no publications of BAGV infections in dogs 
and horses. LIV infections in horses have been described, but cross-
reactions with WNV or USUV have not been investigated nor reported 
(Hyde et al., 2007; Timoney et al., 1976).

The owner questionnaire revealed interesting results on possible 
risk factors, even though a formal risk factor analyses could not be 
performed. The combination of a relatively high percentage (65%) of 
repellent use in dogs, combined with the limited amount of time they 
spend outside, may be the cause of the low seroprevalence observed 
in this study. Interestingly, dog owners reported more frequent tick 
removals (33%) than horse owners (9.6%). This observation may be ex-
plained by the fact that dog owners actively search for ticks, and dogs 
may spend more time in tick-infested vegetation compared to horses. 
Moreover, a smaller percentage of horse owners (35%) indicated that 
they used insect repellents compared to dog owners (65%). However, 
it should be noted that we did not ask owners what type of repellents 
were used. Repellency and efficacy differ per repellent type and, thus, 
may influence the results (Pfister & Armstrong, 2016).

Other studies claimed the use of military or hunting animals 
as suitable species for arbovirus surveillance because of their fre-
quent exposure to vectors (Durand et al., 2016; García-Bocanegra 
et al., 2018; Laidoudi et al., 2023; Montagnaro et al., 2019). A sig-
nificant difference between seroprevalence in pet dogs and hunting 
dogs was found by García-Bocanegra et al.  (2018) in Spain. Future 

studies to investigate the seroprevalence of orthoflaviviruses in the 
Netherlands could focus on animals that spend more time outdoors 
or are used for hunting or military work. Another option would be 
to investigate the potential of other animal species, such as (captive) 
birds, for example, chickens, goat, cattle or wildlife.

4.2  |  MosquitoWise

The MosquitoWise survey in horse owners revealed a higher mean 
knowledge score compared to the Dutch general public. Abourashed 
et al. (2024) found a mean knowledge score of 4.34, while the horse 
owner mean score was 5.96 on a scale from 0 to 9. Additionally, all 
mean and median scores for separate constructs were higher, ex-
cept for the perceived benefits of prevention measures. The higher 
perceived reversed barriers construct score implies horse owners 
experience lower barriers to use prevention measures, compared to 
the Dutch panel. The total mean HBM score in horse owners is 1.3 
points higher than in the Dutch panel, which indicates that horse 
owners have more health belief and more intent to show preven-
tive behaviour (Abourashed et al., 2024). Scores may be influenced 
by the fact that horse owners are a specific subpopulation of the 
Dutch general public. Of our respondents, 93% were female, and 
the median age of 41 was lower compared to the Dutch median of 
49. The majority live in rural areas (68%) and a substantial proportion 
works in healthcare-related professions. The already mentioned bias 

F I G U R E  2  Bar plot of respondents' 
answers to the question “For which of 
these symptoms would you contact your 
veterinarian?” Neurological symptoms 
were described as weakness in hind limbs, 
paresis, paralysis and convulsions.

F I G U R E  3  Likert scale results for 
horse owner questions: ‘Veterinarian 
responsible’ is short for “I think my 
veterinarian is responsible for informing 
me about mosquito-borne viruses in 
horses.” And ‘Breeding site removal’ is 
short for “During mosquito season (March 
through September), I will ensure there 
are no mosquito breeding sites around my 
horse's stable.”
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in gender, age and profession is also found in other studies from the 
UK (Boden et al., 2013; Chapman et al., 2018).

There are few published studies on knowledge or attitudes to-
wards MBVs in horse owners in Europe. Chapman et al. (2018) found 
that 65.4% of horse owners correctly identified mosquitoes from an 
image. The majority (83.1%) of their respondents were aware that 
WNV can affect horses, which is similar to the percentage of respon-
dents in our study (85%) when asking about awareness of the possi-
bility of WNV vaccination. Horse owner intent to vaccinate against 
WNV was much higher (80.1%) compared to our results (50.67%), but 
it should be noted that we did not ask specifically for vaccination in-
tent ‘in the case of a WNV outbreak event’ in contrast to their study. 
Factors limiting willingness to vaccinate can be related to concerns 
about side effects and efficacy, lack of risk of disease and associated 
cost, among others (Chapman et al., 2018; Manyweathers et al., 2017).

Owners feel their veterinarian is responsible for providing them 
with information about MBVs, which also aligns with earlier research 
(Chapman et  al.,  2018). Most horse owners will contact their vet-
erinarian if their horse shows symptoms associated with WNV in-
fection, such as fever, neurological symptoms and muscle twitching. 
This contact between owner and veterinarian may aid in early de-
tection of WNV cases. However, this also requires awareness of, and 
rapid notification of, suspected cases by veterinarians.

5  |  CONCLUSIONS

The low seroprevalences of WNV and USUV indicate many dogs and 
horses remain susceptible, offering opportunities for trend analy-
sis and surveillance. However, despite multiple recent detections of 
WNV, USUV and TBEV in humans, the role of dogs and horses in 
early detection of human cases is debatable. High awareness among 
horse owners and the absence of detected equine WNV cases high-
light this uncertainty. Continued surveillance is crucial for detecting 
increased virus circulation and protecting both animal and human 
health. Additionally, veterinarians' awareness and intentions to no-
tify suspected cases need further investigation.
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