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The Neotropical otter (Lontra longicaudis) is a semiaquatic mustelid widely distributed across all Brazilian biomes. However, its conservation is increasingly threatened by growing interactions with domestic animals, especially dogs and cats, which create opportunities for pathogen transmission and disease emergence in wild populations. The aim of this study was to assess the exposure of Lontra longicaudis to domestic carnivores and to pathogens associated with these species within a protected area in southern Brazil. For this, we investigated the overlapping occurrence of otters, domestic dogs, and cats in the study area, as well as the exposure to major pathogens commonly associated with dogs (Canine Distemper Virus - CDV, Canine Parvovirus type 2 - CPV, and Neospora caninum) and cats (Toxoplasma gondii and Feline Leukemia Virus - FeLV) in Neotropical otters. Samples from six otters were analyzed. Most of them presented antibodies against CDV (83%), CPV (66%), and T. gondii (66%), while none were seropositive for N. caninum or reagent for FeLV antigen. Direct observation and camera trap monitoring allowed identification of overlapping records of otters, dogs and cats. Our results indicate that Neotropical otters, even in protected areas, are exposed to domestic carnivorans and their pathogens, increasing the likelihood of disease cycles with wildlife.
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Introduction

The Neotropical otter (Lontra longicaudis) is a medium-sized mustelid with semiaquatic habits, inhabiting rivers, lagoons, lakes and small water bodies (de Almeida Rodrigues et al., 2013) across all Brazilian biomes (Rheingantz et al., 2014; Rosas-Ribeiro et al., 2017). It is considered a solitary species, despite females can be found with their offspring for several months (de Almeida Rodrigues et al., 2013). It is listed as a “Near Threatened” species at Red List from International Union for Conservation of Nature (IUCN), historically due to the fur trade and currently due to retaliation by fishers and fish farmers, pollution, cattle ranching, urban expansion, hydroelectric network, illegal trade as pets, and diseases (Rheingantz et al., 2022).

Nearly half of the mustelid species are experiencing population declines, with higher risks for some subfamilies, such as Lutrinae (Wright et al., 2022). The high rate of habitat degradation and the increasing proximity between wildlife and human-modified areas pose significant threats to the species conservation (Scanes, 2018). In this context, the exposure of wild animals to domestic dogs and cats have been shown significant impact on the decline of wild carnivore populations (Roelke-Parker et al., 1996). Beyond predation and direct competition, domestic animals may spread a wide range of pathogens to wildlife (Beineke et al., 2015). The detection of viral and protozoan pathogens originating from domestic animals in wild species has increased, and their effects have already been reported to cause disease and mortality in mustelids in various regions of the world (Kimber et al., 2000; De Bosschere et al., 2005; Echenique et al., 2018; Calvo-Mac et al., 2020; Thomas et al., 2020).

The aim of this study was to assess the exposure of Lontra longicaudis to domestic carnivores and pathogens associated with these species within a protected area in southern Brazil. To this end, we investigated the overlapping occurrence of otters, domestic dogs, and cats in the studied area, as well as the exposure to major pathogens commonly associated with dogs (Canine Distemper Virus - CDV, Canine Parvovirus type 2 - CPV, and Neospora caninum) and cats (Toxoplasma gondii and Feline Leukemia Virus - FeLV) in Neotropical otters.





Materials and methods




Study location and sample collection

Our study area was in the Brazilian National Ecological Station (ESEC) Taim (32° 44’ 33” S 52° 34’ 28” W), a conservation unit in southern Brazil included in the list of wetlands of international importance (Ramsar, 2025). The reserve comprises diverse ecosystems with 32,806 ha and is a critical area for conservation in the Pampa, the Brazilian biome with least protected areas and where many endangered species are found (Farias et al., 2023).

In order to investigate the occurrence of pathogens in L. longicaudis, otter samples were obtained through live trapping and carcass collection. Captures were conducted using Tomahawk wire-mesh cages baited with fresh fish and placed along the riverbank. After capture, the animal was anesthetized using a combination of dexmedetomidine (0.01 mg/Kg), ketamine (8 mg/Kg), and methadone (0.2 mg/Kg) and underwent a physical examination by a veterinarian. Blood and rectal swab samples were collected. The animal was identified individually with a subcutaneous microchip. After the full recovery the animal was released at the same site of the capture. All procedures were approved by the ethical committee (CEUA/UFRGS n° 44884) and Brazilian Environmental authorities (SISBIO license number 47357). Fresh carcasses were collected through opportunistic recovery of road-killed otters in the study area, followed by necropsy and biological material sample collection. Following collection, blood and swab samples were kept in a thermal box at 4–8°C for a maximum of 4 hours. Subsequently, whole blood, serum, and swabs were stored at −40°C. At the time of sampling, an aliquot of each sample was preserved in RNAlater. Laboratory analyses were conducted in up to six months after collection. Field expeditions were conducted in the summer-autumn of 2023.

To obtain samples from domestic carnivorans, ten farms around the reserve were visited. Blood samples and rectal swabs were collected with the prior authorization of the animal owners, through only physical restraint of the animals.





Serological tests (antibody detection)

The presence of antibodies against Toxoplasma gondii was investigated using the Indirect Hemagglutination (IHA) assay, with the multi-species commercial kit Toxotest® (Wiener Lab, Argentina). Samples with titers higher than 1:64 were considered positive for T. gondii. Antibody titers were determined by serial dilutions of the samples.

To detect antibodies against Neospora caninum, a competitive ELISA (cELISA) was performed using the ID Screen® Neospora caninum Multi-species Competition kit (IDVet, Grabels, France). For each sample, the sample-to-negative (S/N) ratio was calculated by dividing the optical density (OD) of the sample (S) by that of the negative control (N). According to the manufacturer’s guidelines, samples with an S/N value below 0.50 (inhibition/blocking above 50%) were positive. The absorbance was measured at 450 nm using a Biochrom EZ Read 2000 spectrophotometer.

The detection of antibodies against Canine Distemper Virus (CDV) and Canine Parvovirus type 2 (CPV) was performed using Enzyme-Linked Immunosorbent Assay (ELISA). Since multi-species ELISA kits for CDV and CPV are not commercially available in Brazil, we employed protein A-based ELISA for antibody detection in otters. This approach has been extensively used and validated for various wildlife species, including for CDV and CPV antibody detection (Muñoz-Hernández et al., 2023; Reck et al., 2025b). For this purpose, we used two indirect ELISA kits (CDV Ab ELISA, BT LAB, Shanghai, China; and CPV-2 ELISA, BT LAB, Shanghai, China), with a modification: the kit’s “anti-dog Peroxidase conjugated” was replaced with the “Protein A - Peroxidase conjugated” (Thermo Fisher, Camarillo, CA, USA) at a 1:10,000 dilution. All other steps followed the manufacturer’s instructions, using reagents supplied in the commercial kit. Serum samples from vaccinated and unvaccinated captive otters, provided by local zoos and rehabilitation centers, served as positive and negative controls for CDV and CPV-2 analyses. Optical density readings were taken at 450 nm using a spectrophotometer (Biochrom EZ Read 2000). The threshold for distinguishing positive from negative samples was based on a calculated cut-off point (mean + four standard deviations of values from negative controls) (Reck et al., 2025b).





Antigen analysis

Blood total samples from domestic cats and otters were tested for the presence of FeLV antigens using a lateral flow chromatographic immunoassay (LFA) with the commercial FIV Ac/FeLV Ag Test Kit (Alere Diagnóstico Veterinário Brasil, São Paulo, SP, Brazil), a branch of Abbott Laboratories (Chicago, IL, USA).





Molecular tests

For all molecular tests, DNA and RNA from biological samples (blood, rectal swab, and brain/spleen tissues in the case of carcasses) were obtained using PREP and PREAmp commercial kits (Newgene, Simbios Biotecnologia, Cachoeirinha, RS, Brazil).

Otter and dog samples were screened for the presence of CDV RNA by reverse transcription quantitative PCR (RT-qPCR) using a commercial kit (NewGene CDVAmp, Simbios Biotecnologia). Otter and dog samples were also investigated for the presence of CPV-2 DNA by RT-qPCR with a commercial kit (NewGene CPV2Amp, Simbios Biotecnologia, Cachoeirinha, RS, Brazil).

Blood samples from otters and domestic cats, or spleen tissues of otter carcasses were screened for the presence of FeLV proviral DNA by qPCR, as previously described by Diesel et al. (2024). All qPCR reactions were performed in a Step One Plus real-time PCR System Thermal Cycler (Applied Biosystems, Norwalk, Connecticut, USA).





Monitoring methods of the target species

Three species were defined as targets: otters, domestic dogs and cats. The linear transect methodology was used for the direct observation of otters, and domestic carnivorans, in the study area. Surveys were conducted from a vehicle traveling along the 16 km road that crosses the reserve, at an average speed of 10 to 20 km/h. The route covered several water bodies on both sides of the road.

Monitoring was carried out four times a day, always during the same periods, during daylight hours, over 10 consecutive days at the beginning sample collection. During each survey, observers recorded the location of otters, dogs, and cats. Individual otters were identified in the field through direct observation, using distinct morphological features such as body size, body shape, and visible scars or injuries. Identification was conducted by same observer during monitoring sessions, and when possible, photographic records were used to support and verify individual recognition.

With the aim to investigate the co-occurrence of otters and domestic animals, camera traps were placed near the 16 km transect route near water bodies and at sites with evidence of otter’s activity (feces and dens) and domestic animal presence. A total of 33 camera traps were deployed at intervals of 1 to 2 km on both sides of the road over a period of four months. Unfortunately, during the study almost half of the cameras were stolen or destroyed by poachers and illegal fishermen.





Spatial analysis

The location of each studied animal was recorded using a GPS device, and later plotted on maps using ArcGIS 10.5 geographic information system software (ESRI, Redlands, CA, USA). All maps were built using spatial layers from public databases of ESEC Taim. For Kernel analysis, the density interpolation tool within the Spatial Analyst extension was applied to convert otter’s location data into continuous surfaces representing the intensity of otter occurrence per square km. The kernel-density estimates were generated using a bandwidth of 2 km for the bivariate kernel-density function. The resulting heat maps enabled the identification of geographic hotspots for otter activity within the studied population.






Results

During biological sample collection, one adult male otter was live-captured during 110 trap-nights and five freshly road-killed carcasses (2 adult males and 3 adult females) were recovered over a six-month period.

Serological tests detected antibodies against T. gondii in four of the six otters sampled (66%). The antibody titer for T. gondii in otters ranged from 64 to 2048 (geometric mean 181). Using the competitive ELISA, all otters were seronegative for anti-Neospora caninum antibodies. Antibodies against Canine Distemper Virus (CDV) were detected in five of the six otters sampled (83%). Four of the six otters (66%) were considered seropositive for the presence of antibodies for Canine Parvovirus type 2 (CPV).

All domestic dogs and otters tested negative for the presence of CDV RNA and CPV DNA in molecular analyses using real-time PCR. Whereas all otters were negative for FeLV antigen and pro-viral DNA, two domestic cats sampled tested positive for FeLV in both real-time PCR and antigen tests. Table 1 summarizes data regarding pathogen investigation in the six sampled otters.


Table 1 | Data about sampled otters and the results of the laboratorial tests for the detection of pathogens associated with domestic carnivorans and antibodies against them.
	Otter
	Sex
	Method of 
sampling
	Serology for CDV antibodies
	Serology for 
CPV-2 antibodies
	Serology for N.caninum antibodies
	Serology for 
T. gondii antibodies
	RT-qPCR for CDV RNA
	qPCR for CPV-2 DNA
	qPCR for FeLV DNA



	#1
	female
	Carcass
	Positive
	Positive
	Negative
	Positive
	Negative
	Negative
	Negative


	#2
	female
	Carcass
	Positive
	Positive
	Negative
	Positive
	Negative
	Negative
	Negative


	#3
	male
	Carcass
	Positive
	Negative
	Negative
	Negative
	Negative
	Negative
	Negative


	#4
	female
	Carcass
	Negative
	Negative
	Negative
	Positive
	Negative
	Negative
	Negative


	#5
	male
	Capture
	Positive
	Positive
	Negative
	Positive
	Negative
	Negative
	Negative


	#6
	male
	Carcass
	Positive
	Positive
	Negative
	Negative
	Negative
	Negative
	Negative







A total of 640 km was surveyed using the linear transect method, which allowed the identification of nine distinct otter individuals based on characteristics such as size, body shape and visible scars, resulting in a total of 22 direct observations. Eleven dogs and five cats were observed inside the reserve along the road that crosses the area. Other domestic species such as cows, horses and pigs were also commonly seen inside the protected area.

A total of 1,019 night-trap sessions were analyzed. Camera trap monitoring detected otters at three of the nineteen successfully monitored sites, with a total of nine recorded events (Table 2). Domestic cats were detected at three sites, totaling eleven events, with four distinct individuals identified. Domestic dogs were recorded at four sites, with a total of 27 detections events and 16 individuals identified. In some cases, dogs were recorded in the company of humans engaged in cattle and horses-related activities. Domestic cats were recorded only at night, while domestic dogs were registered in the day time, mainly at the early morning. Some camera traps recorded the presence of otters and domestic carnivores at the same site within the reserve (Figure 1). Table 2 outlines the data on all records of otters and domestic carnivorans in the studied area.


Table 2 | Summary of records of otters and domestic carnivorans in the protected area studied according to different methods.
	Species
	Camera trap records
	Direct observation
	Carcasses collected
	Capture/direct collection
	Total



	Otters
	9
	22
	5
	1
	33


	Domestic dogs
	28
	11
	0
	31
	69


	Domestic cats
	11
	5
	0
	7
	23







[image: Collage of wildlife images captured by a trail camera showing dogs, cats, and otters near a pond and grassy area. Each picture is labeled with a yellow tag indicating the species. Dogs appear in several frames in daylight, while cats and otters are captured in the dark with a night vision effect.]
Figure 1 | Compiled records of a camera trap in the study area. Twelve records of the target species (otters, domestic dogs and cats) were obtained at the same site. At the upper left side of each picture, the species common name was indicated.

The spatial distribution maps of otter, domestic dog, and domestic cat records, according to the methodologies employed, show a concentration pattern at the extremes of the reserve (Figure 2). Overlapping detection of otters and domestic carnivorans was observed at the same site in three of the camera traps (Figure 2A). Furthermore, two otter hotspots were evident through direct observation, reinforcing the overlap of domestic dogs and cats over the hotspots of otters (Figure 2B) Finally, Figure 2C showed the location of the collection sites.

[image: Map graphics show three panels labeled A, B, and C of an area in Brazil. Panel A displays animal icons with numbers indicating camera-traps sites along a coastline. Panel B shows otter's heat map concentrations with color gradients from red to green, representing probable activity areas. Panel C indicates specific locations of sample collection with green squares and triangles , representing different survey points. Insert include a map locating the broader geographic area within Brazil.]
Figure 2 | Set of maps representing the study area and location of records of otters, domestic dogs and cats. In all panels, Taim reserve was represented by the green area. Major water bodies were represented in blue. (A) locations of camera traps deployed across the study area. Each circle represents a camera trap location: grey circles indicate no detection of target species (otters, dogs, or cats), while black circles indicate detection of one or more target species. Species icons show which animals were recorded at each site, and the numbers above indicate the number of photographic events. Insert at the upper left side: location of the study area. Red dot on the Brazilian map represents the ESEC Taim reserve. (B) records obtained through linear transect surveys. Kernel density areas (hot colors) indicate regions with the highest frequency of otter sightings. White triangles represent locations where domestic dogs were observed, and black inverted triangles indicate domestic cat occurrences. (C) sites of biological sample collection. Green squares represent sampling sites for otters, white triangles indicate sites where domestic dog samples were collected, and black inverted triangles show where samples from domestic cats were obtained.





Discussion

We investigated the exposure of L. longicaudis to domestic carnivorans and their pathogens inside a protected area using different methodologies. This issue is an emerging topic for otter conservation worldwide (Thomas et al., 2020; Calvo-Mac et al., 2020).

Although the capture rate of otters may be considered lower to similar methodologies or studies using different trap types, the captured individual showed no injuries related to trapping, different to what is frequently reported for other types of traps (Rutter et al., 2020). Carcass collection method proved to be an effective approach for obtaining biological samples from L. longicaudis in this reserve, which might be a potential way to obtain samples in other regions where wetlands are intersected by roads. This finding aligns with previous studies reporting that several species, particularly semi-aquatic ones, are susceptible of roadkill in this area (Bager and Rosa, 2010).

Serological results showed that four out of six otters tested positive for antibodies against T. gondii, indicating past exposure to the pathogen. The high seroprevalence, combined with frequent cat detections (recorded through multiple methodologies) suggests widespread fecal contamination of aquatic ecosystems with oocysts. Toxoplasma gondii is a globally distributed zoonotic pathogen known to cause significant morbidity and mortality in both humans and animals (Hill et al., 2005). To the best of our knowledge, this is the first report of free-ranging L. longicaudis with positive serology for T. gondii; since the occurrence of this pathogen in Neotropical otters was only recorded previously in captive animals (Alvarado-Esquivel et al., 2013; Silva et al., 2018). However, T. gondii has been frequently reported in several otter species, such as marine otter (Lontra felina), Eurasian otter (Lutra lutra), and particularly in sea otters (Enhydra lutris) with lethal outbreaks (Miller et al., 2004, 2008; Conrad et al., 2005; Chadwick et al., 2013; Calvo-Mac et al., 2020; Dubey et al., 2020).

Although all otter tested negative in serological tests for N. caninum, the parasite is known to be widespread in areas where domestic dogs and cattle are present (Wouda et al., 1999), as supported by camera trap records in the reserve. Previous studies have also reported N. caninum in wild carnivores, including mustelids (Almería, 2013). Although N. caninum has already been detected in the brain of a free-ranging L. lutra (Stuart et al., 2013), its pathogenic potential and conservation risk for otters have not yet been elucidated. Therefore, continued investigation into the presence of this parasite in otter populations is needed.

The presence of antibodies against CDV and CPV, alongside with the absence of viral RNA/DNA in molecular analyses, suggests that the sampled otters were exposed to these viruses in the past but were not actively shedding them at the time of sampling. The high seroprevalence of these viruses, typically associated with domestic dogs, supports the hypothesis of widespread exposure among otters in this region. This is further corroborated by frequent dog sightings recorded during the study. It also suggests that non-lethal exposure to these viruses occurs in Neotropical otters. Both CDV and CPV have caused significant past outbreaks and mortality in wild animals, including reported cases in L. longicaudis and other otter species (Roelke-Parker et al., 1996; Kimber et al., 2000; Tamukai et al,. 2021; De Bosschere et al., 2005; Echenique et al., 2018; Reck et al., 2025b). Indeed, Gras et al. (2018) assessing the role of landscape structures in disease spreading among wildlife found that areas in direct proximity to water bodies were identified as high-risk areas for CDV transmission. It may have a significant impact for semi-aquatic wild animals, such as otters.

Negative qPCR results in domestic dogs do not necessarily indicate an absence of viral infection in dogs roaming in the reserve but suggest that, at the time of sampling, it seems that these animals were not shedding the virus. This is an expected result, as the animals appeared healthy. Notably, during visits to surrounding farms, most of residents stated that they did not regularly vaccinate their dogs and cats (data not shown). Thus, considering that there are several vaccines against CDV and CPV available, the vaccination of dogs and cats from households near to protected areas may be considered also as a critical component of conservation strategies for wild carnivores.

Reports of FeLV infection in free-ranging and captive wild felids have been documented worldwide; however, the virus was only classically associated with felid species (Sacristán et al., 2021; Guimaraes et al., 2009; Reck et al., 2025a). For Lontra canadensis (North American river otter), there was one documented case showing that an individual with clinical signs tested positive for FeLV antibodies, raising the possibility of broader host susceptibility among other carnivoran species (Dalton et al., 1989). Although all L. longicaudis individuals in the present study tested negative for the FeLV, two domestic cats were positive, by both molecular and antigen tests. It may be hypothesized that the potential involvement of another retrovirus leading to false-positive FeLV antibody results in the L. canadensis cannot be ruled out. This finding underscores the need for further studies on retroviral infections in otters.

Camera trap footage revealed a high frequency of domestic dogs and cats moving within the reserve, a protected area where the presence of such animals is prohibited by law (Brasil, 1998). Some of the dogs recorded by the cameras were also observed on nearby farms where domestic animal samples were collected, indicating that these were free-ranging owned animals capable of moving long distances, such as between farms and inside the reserve. The occurrence of dogs and cats in protected areas has been increasingly reported across Brazil, raising concerns due to their negative impacts on wildlife, including predation, competition, disease transmission, and behavioral disturbance (Lessa et al., 2016). Our findings support this concern, given the serological evidence of high exposure to canine-associated pathogens in otters.

Spatial analyses highlighted the overlap of otter habitat with areas frequented by domestic dogs and cats. Kernel data showed that areas with the highest frequency of otter sightings had a higher frequency of domestic animals. This overlap suggests that domestic dogs and cats are moving inside key areas used by otters. The presence of domestic animals at the edges of the reserve is likely associated with their closer proximity to human settlements. In the case of otters, their higher occurrence in these areas warrants further investigation. When considered together with the camera trap data and the serological findings showing a high number of otters with antibodies against pathogens commonly associated with domestic animals, it reinforces the potential risk of inter-species pathogen transmission. The abundance of domestic carnivores on nearby farms pointed out the potential risk of their incursion into protected areas, as demonstrated by the camera trap results.

Our results support the hypothesis that otter’s exposure to CDV, CPV and T. gondii may result from spillover events originating from dogs and cats that roam near or inside the reserve. Although at this time we cannot definitely prove this hypothesis, further studies may help to solve this issue by conducting long-term monitoring and pathogen genetic characterization in otters. Nevertheless, the results made clear that Neotropical otters, even in protected areas, are certainly exposed to domestic carnivorans and their pathogens. It also reinforces the need for more effective strategies to prevent the presence of domestic animals in protected areas. As a conservation strategy, collaborative efforts with local communities may begin by sharing the results of studies like this, followed by the implementation of free or low-cost vaccination and sterilization campaigns for domestic animals. Moreover, it highlights the potential of the Neotropical otter as a sentinel species for health risk assessment, contributing to the monitoring of pathogen spillover and overall environmental quality in conservation areas.
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