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Monitoring infectious diseases is one of the most important pillars of preventative veterinary medicine in zoological collections. The zoo environment offers a great variety of different animal species living in proximity and in contact with small wild animals and vectors (e.g., ticks and mosquitos). In this context, tick-borne encephalitis virus (TBEV), Usutu virus (USUV), and West Nile virus (WNV) causing vector-borne diseases are emerging pathogens that raise concern. The aim of the study was to detect antibodies to selected flaviviruses in various animal species in the Ljubljana Zoo, Slovenia. In total, 874 sera from 96 animal species were tested for antibodies to TBEV by enzyme-linked immunosorbent assays (ELISA); positive samples were confirmed by a virus neutralization test (VNT) using TBEV, WNV, and USUV antigens. Antibodies to TBEV were detected by ELISA in 3.9% (34/874) of zoo animals, with 4% (30/753) in mammals and 5% (4/86) in birds; the sera of reptiles (n = 34) and amphibians (n = 1) were negative. Antibodies to TBEV were confirmed by VNT in 11 mammals; one bird was positive for both WNV and USUV. The mixture of exotic animal species and their contact with wild animals and vectors such as ticks and mosquitos suggest that screening of infectious diseases in zoo animals might provide good insight into the epizootological situation of the area. This is the first survey of TBEV, WNV, and USUV in a zoological collection in Slovenia.
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INTRODUCTION

Zoos are areas where different exotic animal species live in proximity, usually in contact with wild animals as well as humans (zookeepers and visitors). Monitoring infectious diseases is one of the most important parts of veterinary care in zoological collections in order to discover possible emerging pathogens and to provide safety for animals and visitors. The mixture of various hosts, reservoirs, and pathogens can be utilized as a sentinel for screening for emerging infectious diseases (1–3). Tick-borne encephalitis (TBE) is one of the most important flaviviral human diseases in Europe and Asia. The causative agent TBE virus (TBEV) has a positive singlestranded RNA genome and is a member of the tick-borne flavivirus group (genus Flavivirus, family Flaviviridae) (4, 5). TBEV is transmitted by the bite of an infected tick or, rarely, through raw milk products from infected mammals (6). The virus circulates between vector ticks and some of their hosts, mostly deer and small mammals such as rodents and insectivores, whereas only small mammals are presumed to be competent virus reservoir hosts (5). In Europe, TBE is one of the most common flavivirus infections of the central nervous system and is endemic to several countries. Slovenia is among European countries with the highest reported TBE incidence rates (8.1–18.6 cases/100,000 population in the past decade) (7). Accumulated evidence has underlined the emerging potential of TBEV, how virus variants are selected, adapted to the tick vector and rodent host, with possible major implications for clinical disease. TBEV has a huge geographic distribution, including at least 34 countries (8). TBEV is the most important causative agent of arboviral infection in Europe, causing neurologic symptoms. The incidence of the disease has greatly increased over the past decades, and in the meantime, some changes in spatial distribution of TBE cases have been observed. Therefore, it is important to recognize the distribution of endemic areas, to use preventive measures. Molecular results indicate that the virus can be detected in the organs of the rodents for longer periods, indicating prolonged infections of the rodent hosts by the virus. Rodents can therefore be used as a useful indicator of the circulation of TBEV in an area (9). Some arboviruses from the family Flaviviridae—for example, TBEV—have been present in Slovenia for many years (10). Other viruses, such as West Nile virus (WNV) and Usutu virus (USUV), were introduced only recently (11). The aim of this study was to screen for TBEV antibodies in zoo animals and based on its cross-reactivity detect some other possible flaviviruses (WNV, USUV).



MATERIALS AND METHODS


Blood Sampling and Serological Examination

The study took place at the Ljubljana Zoo, which is the only large collection of zoo animal species in Slovenia. Between 2006 and 2018, it was home to between 480 and 560 animals belonging to 130–160 species. During those years, all samples obtained from routine clinical examinations were stored and frozen. All clinical procedures have been performed according to standard operation protocols (SOP) considering human and animal safety. Altogether, 874 serum samples of 96 animal species were tested for antibodies to TBEV with enzyme-linked immunosorbent assays (ELISA, EIA TBEV Ig, TestLine Clinical Diagnostic, Brno, Czech Republic). The examination was performed according to the manufacturer's instructions. All ELISA-positive samples were confirmed by a virus neutralization test (VNT) in micromodification, with vital staining by method according to the method described previously (12). Briefly, a 100 μl working dilution of virus was mixed and incubated with an equal portion of the test serum and added to the same portion of the cell culture suspension. The plates were incubated in 5% CO2 at 37°C. VNT was performed with TBEV (Strain Hypr) and concurrently with WNV (WNV Strain Line 2) and USUV (Austrian strain). Viruses were grown on the brains of sucking lab mice at 1–3 days of age. Suspension of porcine kidney cell line (PS) was used as a cell substrate for TBEV VNT. Suspension monkey kidney cell line (CV-1) was used as a cell substrate for WNV VNT and USUV VNT. Working dilution for both cell lines was 600,000 cells/ml. Serum toxicity control was included in the tests, as well as specific positive and negative control sera. The result of VNT is a virus neutralization (VN) titer, which is the reciprocal of the highest sample dilution that is still capable of neutralizing the cytopathic effect at more than 50% (TCID50). Samples were marked as positive if the VN titer > 4 (12).




RESULTS

Antibodies to TBEV were detected by ELISA in 3.9% (34/874) of zoo animals, with 4% (30/753) in mammals, 5% (4/86) in birds, and 0% in reptiles (n = 34) and amphibians (n = 1). Antibodies to TBEV were found by VNT in 10 serum samples (one Alpine ibex, four domestic sheep, four mouflons, and one red fox). Antibodies to WNV and USUV were found by VNT in a barn owl (Tyto alba), with a titer of 128 positive for both viruses. Other samples were negative. The results are summarized in Table 1.


Table 1. Results of serological examination of zoo animals for antibodies to tick-borne encephalitis virus (TBEV) tested by enzyme-linked immunosorbent assays (ELISA) with confirmation of positive samples by virus neutralization test (VNT).
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DISCUSSION

Flaviviruses have become increasingly important pathogens in Europe over the past few decades. TBEV, which causes central nervous system infections in humans, is causing health problems in Europe and Asia. This virus is mainly transmitted via tick bites, however, raw milk products might also be a source of infection (13, 14). In 2018, a total of 3,092 cases of TBE were reported in EU countries (15). In recent years, TBE has emerged in previously unaffected regions (e.g., the Netherlands), and the number of cases has doubled in Slovakia, Lithuania, and Croatia (15). Because of the lack of effective treatment for TBE, anti-TBE immunization and the avoidance of tick bites are of key importance in preventing this infection (16).

The incidence of TBEV in Slovenia was monitored by RT-PCR between 2005 and 2006 in ticks and humans (9). The overall prevalence of TBEV in 4,777 ticks collected in those 2 years was 0.47%. In a similar study from neighboring Croatia, a 1.1% rate of TBEV was found in ticks and 1.6% in spleen samples from wild fox (Vulpes vulpes) and red deer (Cervus elpahus) (17). Furthermore, the infection rate detected in ticks by RT-PCR significantly correlated with the TBEV incidence in humans in selected areas. The sequencing method proved the genetic correlation between TBEV in collected ticks and Slovenian patients infected with TBEV. A study performed on rodents during the same period showed an average of 5.9% TBEV antibody prevalence detected by immunofluorescence assay in various Slovenian regions (9). The results varied by rodent species and trapping region. The overall prevalence was comparable with the results in our study (3.9%). Surprisingly, 0% prevalence was detected in 82 samples from three rodent species (Myodes glareolus, A. flavicollis, and A. sylvaticus) in our study. This may be explained by the high correlation of infection rate depending on selected areas, mentioned in the studies above. This could further suggest that the high variability of sentinel species enhances the possibility of identifying a targeted pathogen. In a similar study on rodents performed in Switzerland in 2006 and 2007, sera from 333 rodents were examined with a very similar overall prevalence of 3.9%. In some areas, the prevalence reached 9.9%, whereas in others the prevalence was 0%, as it was in our study. Serum samples from 1,014 wild boar and 758 roe deer were screened for flavivirus antibodies, using a competitive ELISA (cELISA) technique between 2009 and 2014 in France (18). A significantly higher incidence of flaviviruses was found in boar (5.6%) than in roe deer (2.1%). The distribution was also higher than expected in comparison to human cases. This finding confirmed the potential usefulness of wildlife in monitoring infectious diseases. In the Czech Republic, serum samples from 133 animals of 69 different animal species from five zoological collections located in various regions were evaluated to detect antibodies to TBEV (19). Two ungulates from the same zoo were seropositive in an area endemic for TBEV. This suggests that monitoring infectious diseases endemic in screened areas plays a crucial role in choosing the proper hot spot for placing sentinel animals to increase the chance of pathogen interception. This point has also been highlighted in another study (1). Results in our study have also shown, that the 9 of 10 TBEV-positive serum samples in VNT assay were found in Alpine ibex, domestic sheep and mouflons, which are closely related. Screening of infectious diseases with zoonotic potential is an important activity for preventive health care for the human and animal population. Tick-borne encephalitis virus is endemic in Slovenia, whereas West Nile virus and Usutu virus are pathogens that were only very recently introduced into the Slovenian region (11). In our study, samples from only one animal, a barn owl (Tyto alba), were positive for antibodies for WNV as well as for USUV. It seems that there was simultaneous coinfection with both viruses because there was a high VNT titer (128) for both viruses. Moreover, the positive sample was collected in autumn 2018, which was the year when both viruses (WNV and USUV) were introduced into Slovenia, with the first confirmed cases in humans and animals. Although USUV in particular is known to cause clinical disease and death in sensitive birds, such as owls, the positive barn owl showed no clinical signs and was still alive 26 months after the positive sample collection. Also, when looking at the dynamics of seroprevalence, the samples in our study were collected from 2006 to 2018, with 33 out of 34 TBE positive samples being detected from 2014 to 2018. During the last 2 years of our study, 24 samples tested positive, which could suggest the spread of the endemic infection into the hitherto TBEV-naive area. A follow-up comparative study on rodents and zoo animals in the near future could highlight the usefulness and importance of various sentinel animals for monitoring zoonotic diseases. The discrepancy between some of our TBEV ELISA and TBEV VNT results could be the result of the small sample volume, which is a common problem when obtaining samples during routine clinical procedures. The presence of WNV in Europe has been known for decades. Virus transmission is related to ornithophilic mosquitoes. Wild birds are an important natural amplifying host for the virus, whereas humans, horses, and some other mammals are considered dead-end hosts. Serological evidence in songbirds in Slovenia has shown a 3.7% prevalence of WNV antibodies in samples collected, detected by indirect immunofluorescence methods (20–22). In a PCR study on samples from birds of prey and owls from Slovenia collected between 1995 and 2013, no positive birds were found (22). In a recent study from Slovenia, a pool of Culex sp. mosquitos was found to be positive by RT-PCR in 2018, but negative in 2017 and 2019. A sentinel study on dog sera samples confirmed WNV antibodies by an indirect immunofluorescence study in 1.8 and 4.3% of samples collected in 2017 and 2018, respectively (23).

Considering the zoonotic potential of the aforementioned viruses, routine surveillance and screening of zoological collections on a regular basis could be an option for sentinel animal species' enhancement. The suitability of zoological collections as epidemiological stations has been discussed in the past (1–3). Sentinel animal species will be susceptible to disease, with rapid seroconversion, and will remain monitored by a supervising authority (1). Zoo animals cover a vast range of different species, with varying susceptibility to disease. In the case of WNV and USUV, wild birds are the principal hosts and mosquitos are the principal vectors. However, WNV has also been isolated from other mammals; for example, Apodemus flavicollis, Clethrionomys glaerolis, sentinel mice and hamsters, Lepus europaeus, camels, horses, dogs, and humans in enzootic foci (24). This suggests that choosing the proper hot spot for placing sentinel animals is crucial for increasing the chance of pathogen interception (1).

Screening of USUV in birds from four different zoological collections in Switzerland, Austria, and Hungary showed different results based on the geographic location and related mortality. In Switzerland and Vienna, three different zoos showed a prevalence of 5–9% for the presence of USUV antibodies, whereas all animals tested at a Hungarian zoo were serologically negative (25). Despite the fact that TBE, WNV, and USUV pathogens are closely related, their dynamics and therefore sentinel targeted screening are vastly different. Ticks are vectors for TBEV. Their regional prevalence as well as steady epidemiological situations in certain loci are typical. USUV and WNV, transmitted by mosquitos, have caused occasional outbreaks with unprecedented dynamics, probably connected with climate change and other factors, and slow introduction into countries such as Slovenia, where both diseases were not endemic. These specific conditions make unique settings, such as zoos with a variety of animals with known histories, good veterinary care, and established monitoring of infectious diseases in all taxa, suitable epidemiological stations for screening emerging pathogens. In a recent study, 120 various mammal species from 10 different Spanish zoological collections were assessed for flavivirus exposure between 2002 and 2019. Using similar methods, the presence of flavivirus was detected in 3.3% of the samples examined (3).

Our study was based on a simple serological survey of TBEV presence in zoo animals. However, considering our results and the literature data presented, further possible conclusions and future studies with an impact on human and animal health should be considered, in particular the role of zoos as possible epidemiological stations.
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