

  diversity-16-00537




diversity-16-00537







Diversity 2024, 16(9), 537; doi:10.3390/d16090537




Article



Exposure of American Black Bears (Ursus americanus) to Ticks, Tick-Borne Diseases, and Intestinal Parasites in Wisconsin



Nika S. Reichert 1, Daniela Mathieu 1, Christopher J. Katz 2 and Kent A. Hatch 1,*





1



Department of Life Science, Long Island University Post, 720 Northern Boulevard, Brookville, NY 11548, USA;






2



Two Rivers Veterinary Hospital, 2339 Roosevelt Avenue, Two Rivers, WI 54241, USA









*



Correspondence: kent.hatch@liu.edu







Citation: Reichert, N.S.; Mathieu, D.; Katz, C.J.; Hatch, K.A. Exposure of American Black Bears (Ursus americanus) to Ticks, Tick-Borne Diseases, and Intestinal Parasites in Wisconsin. Diversity 2024, 16, 537. https://doi.org/10.3390/d16090537



Academic Editor: Miriam A. Zemanova



Received: 17 May 2024 / Revised: 5 August 2024 / Accepted: 7 August 2024 / Published: 2 September 2024



Abstract

:

We surveyed 159 American black bears (Ursus americanus) over a period of three years for the occurrence of ticks, tick-borne diseases, and intestinal parasites in Wisconsin. We collected blood from the bears to test for the presence of antibodies to Borrelia burgdorferi (Lyme disease), Rickettsia rickettsii (Rocky Mountain spotted fever (RMSF)), Babesia, Ehrlichia, Ehrlichia canis, Brucella canis, and Anaplasma phagocytophilum. We also examined scat samples for intestinal parasites. We commonly found the tick Dermacentor variabilis, but also present the first report of Rhipicephalus sanguineus on black bears. We detected antibodies to Lyme disease and RMSF. We detected antibodies to E. canis for the first time in a bear and both antibodies to R. rickettsii and A. phagocytophilum for the first time in a black bear in Wisconsin. No antibodies for Babesia or Br. canis were detected. We found eggs of the intestinal parasite Baylasascaris transfuga as well as a low number of Toxascara leonina and unknown Capillaria species occurrences in the examined feces.
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1. Introduction


We explored the prevalence of ticks, tick-borne diseases, and intestinal parasites in American black bears (Ursus americanus; hereafter, black bear) in two Wisconsin populations. Little is known about the ticks and parasites of black bears in Wisconsin and elsewhere as they have not been widely studied [1,2]. When testing for tick-borne diseases, many previous studies either tested the ticks directly or tested the bears’ blood for the pathogens’ presence. The advantage of testing for the antibody is that the pathogen itself only circulates in the blood for a short time and thus the absence of the pathogen may not be indicative of exposure to the pathogen [1]. The presence of a bacterium in the tick found on a black bear is also not evidence that the pathogen was transferred to the bear. If a tick removed from a bear tests positive for a pathogen, but the pathogen is not found in the blood, it suggests the tick acquired the disease from a different host in a previous life stage [1] and that the bear may not have actually been exposed to the disease. By contrast, testing blood directly for antibodies provides evidence of actual exposure to a disease. Additionally testing for seroprevalence instead of the actual pathogen provides a method of detection long after the pathogen has been eliminated by the host’s immune system and can provide a more comprehensive picture of disease exposure in wildlife.



Black bears have a broad geographic range in North America [3] and are known to carry ticks throughout much of their range. Tick abundance on black bears varies with season, with the highest abundances recorded in the spring and the lowest in the fall [3]. Different ixodid tick species have different lifecycle seasonalities [4], so observed variations in tick abundance may be due to this seasonal effect [1]. Previous studies in Wisconsin found the tick species Dermacentor variabilis, Dermacentor albipictus, and Ixodes scapularis on black bears [2], but it is unknown whether black bears are acting as reservoirs for tick-borne diseases [5]. However, they likely play a significant role in the dispersal of ticks due to the wide ranges covered by black bears, with young males often wandering hundreds of miles and groupings of multiple animals increasing the chances of transmission [6].



Black bears have been recorded carrying the following tick-borne diseases in different states: in New Jersey, Babesia microti, Anaplasma phagocytophilum and Babesia sensu stricto antibodies were recorded in black bear blood [1]; in Wisconsin, a Borellia species that is morphologically similar to Borellia burgdorferi, the primary causative agent of Lyme disease, has been detected [7] in black bear blood; Lyme disease was also detected in black bears on the West Coast [8,9]; in Idaho, Tularemia and Rocky Mountain spotted fever (RMSF) were detected in black bears [10] with RMSF also detected in Maryland [11].



We also looked at the presence of intestinal parasites in black bears. Black bears can have helminth parasites and a variety of cestodes and nematodes [12]. Baylisascaris transfuga is a nematode parasite that occurs worldwide in bear species, and, like all nematodes, it has zoonotic potential [13]. B. transfuga has been detected in all bear species except the spectacled bear, Tremarctos ornatus [14]. Prevalence ranges from 12.5 to 80% in black bears tested in Ontario, Wyoming, Minnesota, Montana, and Alaska [14]. In northern Wisconsin, Manville (1978) found an 89% prevalence of B. transfuga in black bears, reporting no known infections in the south of the US at that time. However, since then, a range of 23–53% prevalence has been reported in Southeastern states [2,15,16,17,18], cementing B. transfuga’s position as a widespread and common parasite of black bears throughout the USA.



Seasonal variations have been recorded in the prevalence of intestinal parasites of brown bears in both Europe and North America with contradictory findings. Štrkolcová et al. (2018) report that the highest prevalence of infection occurs in autumn and the lowest prevalence of infection occurs in spring in central Slovakia [19]. Likewise, in Canada, one study found the highest prevalence in autumn [20], while another found a higher prevalence in summer, peaking from June to August, and a lower prevalence in autumn and winter [21]. Seasonal dynamics may be influenced by hormonal and metabolic changes in black bears that are linked to hibernation [20]. Understanding seasonal dynamics may help predict the spread of these parasites in response to climate change. For example, Baylisascaris eggs can survive temperatures down to −15 °C [13] and have been shown to develop faster in soils at 35 °C than at 25 °C while not developing at 5 °C [22]; so, globally rising temperatures could facilitate an extension of ranges towards the north, resulting in higher levels of infection and increasing the risk of zoonosis of this parasite.



In 2003–2006, we collected data on ticks, tick-borne diseases, and intestinal parasites of black bears in Wisconsin. We present these data to provide additional information on the occurrence of ticks, tick-borne diseases, and intestinal parasites as a follow-up to the single previously published study of the ecto- and endoparasites of black bears in Wisconsin [2]. We also look at the seasonal prevalence of ticks and intestinal parasites.




2. Materials and Methods


2.1. Sampling


A total of 159 American black bears were captured in Lakewood (45°18′2.7″ N, 88°18′24.4″ W) and Hiles (45°42′13.7″ N, 88°58′38.1″ W) Wisconsin, from 2003 to 2006 (see [23] for details on capture and locations). We examined bears for ticks in February and March, May and June, and October and November from 2003 to 2005. In 2006, we only surveyed bears for ticks in February and March. In summer, bears were trapped in culvert traps, baited with ice cream cones. The bears were then assigned an ID number; sex and weight were also recorded. We then placed collars on the bears (Televilt Simplex, TVP Positions AB, Lindesberg Sweden: collars equipped with GPS) and used Telonics antennas and receivers (model TR4 and RA-2AK VHF; Telonics, Inc. Mesa, AZ, USA) to track the bears from a distance. Bears were tracked to their hibernating dens for sample collection in winter. To anesthetize the bears for sample collection, we either administered 4.4–8.8 mg/kg of tiletamine and zolazepam (Telazol; Fort Dodge Laboratories, Fort Dodge, IA, USA) or a 5:1 mixture of ketamine and xylazine (4.6 mg/kg ketamine and 0.9 mg/kg xylazine). We injected the anesthesia via a Dan-Inject CO2 dart pistol (Dan-Inject, Kolding, Denmark) using 3 mL darts with a 2.0 × 40 mm needle. We did not administer oxygen while the bears were under anesthesia but administered more anesthetic when required. We also did not reverse the xylazine. Rather, we returned bears that we sampled in summer to the culvert traps to safely recover from the anesthesia, while bears sampled in winter were returned to their dens to continue hibernation. None of the bears abandoned their dens or young and none displayed signs of disease. We took 20 mL blood samples from the jugular, medial, or lateral saphenous vein of each bear and stored the blood on ice until the sample clotted. The sample was centrifuged the same day until the serum was separated (6 mL of whole blood in EDTA and 14 mL in serum separation tubes, Becton Dickinson Vacutainers San Antonio, TX, USA). The serum was then kept refrigerated at 3 °C during shipment to Michigan State University [23]. The serum was tested for antibodies to the following tick-borne disease agents: Borrelia burgdorferi, Rickettsia rickettsii, Erlichia, Erlichia canis, Babesia, Brucella canis, and Anaplasma phagocytophilum. We were not able to obtain records of the specific tests conducted. We analyzed intestinal parasite eggs at the Two Rivers Veterinary Hospital using fecal flotation with a concentrated sugar solution. Eggs floating in the top layer of the solution were then examined under a microscope to identify the species. This method does not isolate fluke eggs. We examined bears by hand for the presence of adult ticks only and only recorded whether ticks were present or absent. We did not record the number of ticks present on a bear.




2.2. Information on Tests Performed: Sensitivity and Specificity


Blood samples were tested for antibodies for the diseases in question at the Veterinary Diagnostic Laboratory at Michigan State University (MSU). While the lab does not have a record of which tests they used at the time the samples were analyzed, they were able to provide references for current tests used for some of the diseases. Current tests have a 94% sensitivity for B. burgdorferi detection, in samples collected from ticks, rodents, and humans [24,25]; they have a 79.3% sensitivity for Rickettsia collected in human blood samples [26]; and they have a 98% sensitivity for Erlichia in dog and cat samples [27] (references provided by MSU lab). The MSU Lab was not able to provide references for the sensitivities and specificities of the other diseases tested. However, all tests of sensitivity and specificity were performed on species other than black bears and may not be valid for black bears in any case [23].




2.3. Statistical Analysis


We combined the datasets for the two locations as no significant differences in exposure to ticks (p = 0.548) or tick-borne diseases (p = 0.536) were found between them. A bear was considered positive for ticks if at least one tick was found on it. Similarly, a bear was considered positive for intestinal parasites if at least one egg of that parasite was found in its feces. A test for a disease was considered positive if antibodies to the disease were detected in the bear’s serum, indicating that the bear was exposed to the pathogen, though not necessarily that the bear had the disease. As many bears were recaptured at different times of the year, we based our analysis of the tick-borne diseases on the number of tests performed, not the number of bears that were tested. Counts for some tests differ as not every bear was tested for each disease in each year, and some were recaptured and tested multiple times. Nine bears were tested on two different occasions, three were tested on three different dates, and one was tested on four separate occasions. All other diseases (Ehrlichia, R. rickettsii, Babesia, Br. canis, Ehrlichia canis, A. phagocytophilum) except Lyme disease were grouped into a single category because the number of times antibodies were detected was very low. Seasons were defined as follows: summer = May and June; winter = February and March; fall = October and November. We used logistic regression to test for the effects of sex on ticks and intestinal parasites and the effect of season on intestinal parasites. For all regressions, the significance level was p = 0.05 [5].





3. Results


Our results indicate a high degree of seasonality in ticks. We found ticks present on 100% of the bears examined in May and June, but on 0% of bears examined in February and March or October and November for all three years. We also found a significant difference in the number of infested male and female bears (p = 0.0346). The main tick present was Dermacentor variabilis, which was detected 84 times; however, two occurrences of Rhipicephalus sanguineus were also recorded simultaneously with D. variabilis. No Ixode scapularis were detected (Figure 1B, Table 1).



Antibodies to Lyme disease were only detected in 2005 and only in June and October (Figure 1C). Of the 111 tests completed for Lyme disease, 10 were positive giving 9% seroprevalence. For all other tick-borne diseases, the only positive tests occurred in 2005 and only in June and October (Figure 1D). Of the 483 tests performed 18 were positive giving 3.7% seroprevalence of all other tick-borne diseases tested. These tests were positive in low numbers for antibodies: 112 tests for RMSF rendered only 3 positive tests; 4 positive tests were derived out of 39 for E. canis; 1 positive test was derived out of 39 tests for A. phagocytophilum; no positive tests were derived out of the 79 tests for Babesia or the 39 tests for Br. canis. The 73 tests conducted in 2003–2004 for Ehrlichia species antibodies also rendered no positive results (Table 2).



While both a Wald test and a likelihood ratio test found a significant effect of season on the proportion of bears infected with all the intestinal parasites that we detected (W1 = 4.782, p = 0.029; X2 = 5.089, p = 0.024), there was no significant effect of season for the intestinal parasite B. transfuga alone (W1 = 2.071, p = 0.150; X2 = 2.111, p = 0.146). The nematode B. transfuga was found in the feces of 11% of the bears sampled. The highest numbers of infected bears were found in February and June. A low level of positive tests was recorded in each year from 2003 to 2006 (Figure 1E, Table 3). Two occurrences of an unknown capillaria species and three cases of Toxascaris leonina were also found in the testing period. We found no significant difference in the occurrence of intestinal parasites between male and female black bears (p = 0.061).




4. Discussion


4.1. Tick Presence


Although a significant difference in infestation between male and female black bears was detected, this is likely an artifact of the proportion of male and female bears captured in May and June when 100% of the bears had ticks compared to the proportion of male and female bears captured in October, November, February, and March, when 0% of bears were infested. Dermacentor variabilis is a widespread parasite of black bears [1] and this is confirmed by its common occurrence on the black bears of this study. However, it appears ours is the first study to detect Rhipicephalus sanguineus on black bears in the U.S. The only previous finding of this tick on a bear species was reported on an unidentified bear from India [14]. R. sanguineus is commonly found parasitizing dogs, is the most widespread tick in the world [28], and is extremely common in tropical and subtropical climates, probably originating in the tropics or the Mediterranean [29]. While it has spread worldwide, likely through introduction by dogs, it is still rarely found in temperate and cold climates [30,31]. However, it is now considered endemic throughout the USA with varying prevalences in different locations [29]. R. sanguineus is generally rare in Wisconsin [32] with early reports attributing its presence there to dogs traveling from warmer climates like the southern USA [33]. As it is an endophilic tick, it could survive and cause infestations in any heated indoor location throughout the world [30], possibly accounting for our discovery of this tick on Wisconsin black bears. R. sanguineus acts as a vector for animal pathogens like E. canis and Babesia vogeli and significant human pathogens such as R. rickettsii, which causes Rocky Mountain spotted fever in the USA [31]. With this tick being found prevalently year-round in warm climates worldwide, reproducing effectively between 20 °C and 35 °C [28,31], its detection on wildlife in Wisconsin could be indicative of an extension of its range to the north as a result of climate change.



Tick seasonality differs between species and likely explains some of our observed patterns of presence and absence. D. variabilis is active in Nova Scotia and Massachusetts from April to August, with a seasonal peak in May and June. Even with low sampling efforts in October and November, our findings support this pattern of seasonal activity from April to August. The high sampling effort in February would have found ticks if they were present on black bears at that time of year.



Ticks generally enter a non-host-seeking, behavioral diapause in late fall/winter in order to survive the colder temperatures [34]. Especially the endophilic R. sanguineus is unlikely to be actively attached in cold Wisconsin winters, as successful completion of the tick lifecycle following host attachment is unlikely in temperatures below 20 °C [28]. A tick’s life stage can also impact their ability to survive the cold. D. variabilis larvae can survive cold temperature exposure at higher rates than nymphs and adults [35]. Similar to R. sanguineus, in states at a lower latitude like Kentucky and Ohio, D. variabilis ceases host-seeking activities in August and September, respectively [36]. However, a recent study has found both D. variabilis and I. scapularis undertaking host-seeking behavior in the winter months in the central midwestern states of Kansas, Missouri, Oklahoma, and Arkansas [34]. While it is unlikely that tick behavior in these lower latitudes is similar to that of ticks in the more northern states (for example, bimodal activity peaks have been observed from early April to early June and from late June to July in Kentucky, compared to a unimodal peak in May–June observed in the more northern regions of Massachusetts and Nova Scotia [36]), it is possible that adults may actively seek hosts even in more northern latitudes if snow cover is limited and temperatures rise above 4 °C [37,38]. An observation of host-seeking in winter indicates the potential for tick attachment year-round, which may be accentuated by climate change, as it is known to affect temperatures and rainfall in ways likely to favor tick range and active season expansion, possibly leading to a higher risk of transmission of tick-borne diseases [39]. This suggests that monitoring the seasonality and distribution of tick species among wildlife is important for the protection of public health and understanding of the risk of contracting tick-borne diseases.



In more southern locations, D. variabilis’ active season is longer, starting as early as late March in Georgia and ending in September in Ohio [36], which may coincide with an expansion further north as global temperatures rise [30]. However, range extensions may still be limited in other locations by a drop in humidity as temperatures rise, causing a midsummer dip in tick prevalence [36].




4.2. Lyme Disease


The first occurrence of borreliosis in bears in Wisconsin was reported in 1988 when a Borrelia species suspected to be B. burgdorferi was isolated from 17% of black bear kidney and blood samples [7]. Our finding of a 9% prevalence is lower than this previous finding as well as other studies that found B. burgdorferi in 12.6% of black bears in California, Oregon, and Washington [8], 26% seroprevalence in California [9], and a prevalence of 18% in Maryland [11]. However, when tested for the presence of the pathogen itself, 0% of black bears in New Jersey were found to have B. burgdorferi [1,5]. Likewise, Stephenson et al. (2015) also tested directly for B. burgdorferi with zero positives detected [9].



Our detection of Lyme disease in the black bears we studied illustrates the advantage of using serological tests to determine exposure to tick-borne diseases. The two tick species we detected on black bears are not known to transmit Lyme disease. Surprisingly, we did not find Ixodes scapularis on the black bears we examined, though it is known to parasitize black bears throughout the USA [3] and is the most frequent vector of Lyme disease in the Upper Midwest and Northeastern United States [3,40,41,42,43]. Both adults and nymphs can transmit B. burgdorfori [42,44,45]; while I. scapularis in the Upper Midwest are active throughout the period between April and November, adult populations typically peak in April and October [46]. Our May sampling efforts were likely too late to catch the April peak in adult abundance and our sampling effort was lower in the fall, possibly accounting for our lack of detection of adult I. scapularis ticks at that time of year. However, nymph numbers peak in June, when the majority of our tick-positive samples occurred [46]. We likely did not detect bears with attached nymphs because our collection efforts focused on adults, not nymphs, and nymphs are harder to detect with the naked eye due to their small size [1]. Additionally, nymphs and adults feed on their hosts for a limited time. It takes nymphs only 4–5 days to obtain a sufficiently large blood meal, at which point they drop off [37]. For adults, it only takes 7 days to obtain a sufficient blood meal [37]. So, unless I. scapularis tick populations are such that black bears are continuously infested with ticks, detection of ticks or nymphs crawling onto or attached to a black bear may be sporadic; therefore, we may not have detected them at the time the host is captured. However, serological tests are able to detect late-stage Lyme disease since antibodies remain in the blood for several months to years after the bacteria are eliminated [47]. Therefore, the use of serological tests allowed us to detect black bear exposure to Lyme disease, despite the fact that we did not find any I. scapularis nymphs or adults on the black bears we examined.



Human cases of Lyme disease peak in June–July in the United States, with smaller regional variations depending on tick-feeding behavior influenced by environmental factors like temperature, humidity, and rainfall [43]. We found about the same number of bears positive for Lyme antibodies in June and October. However, the only positive samples were from 2005 and sampling efforts in that year were only in June and October. Therefore, as antibodies can last months to years, it is hard to determine whether the apparent seasonality of the presence of Lyme disease in our study is actual, or due to the fact that our sampling was limited to only June and October. However, given that the tests performed in 2003 and 2004 also contained June samples and the number of tests performed in those two years combined was greater than in 2005, if Lyme disease were present in bears at these sites in 2003 and 2004, we should have detected it.



There are a couple of reasons why we might not have detected exposure to B. burgdorferi in black bears sampled in 2003 and 2004. First, this pathogen is spreading among I. scapularis ticks in the upper Midwest and continues to emerge at different sites in different years [40]. It may therefore be that Lyme disease was newly emerging among I. scapularis ticks in 2005 at our study sites. According to the Wisconsin Environmental Public Health Tracking Program [48], there was one reported case of Lyme disease in the two counties containing our study sites in 2003 and none in 2004. In 2005, there were three positive cases in the two counties, while in the rest of Wisconsin, the case numbers from 2005 are more than double those that were reported in 2003, indicating a general uptick of Lyme disease in the state as a whole. Second, even if B. burgdorferi was already endemic at these sites by 2003, the prevalence of B. burgdorferi among years and between sites is highly variable and the prevalence of B. burgdorferi or the ticks that carry it at a site in one year is not predictive of their prevalence at the same site in previous or subsequent years [40,46].




4.3. Other Tick-Borne Diseases


The only positive detections of antibodies for R. rickettsii, E. canis, and A. phagocytophilum occurred in June and October of 2005, since those were the only months sampled that year for exposure to tick-borne diseases. While the sampling effort was much higher in June than in October, the percentage of bears testing positive for antibodies to these organisms were higher in October than in June. However, the prevalence of positive cases of these tick-borne diseases was low.



Cases of RMSF have been reported widely across the USA, including in Wisconsin [49]. However, our finding seems to be the first report of exposure to this disease detected in black bears in Wisconsin. A Rickettsia species has been recorded in ticks collected from black bears in New Jersey [1] and low levels of R. rickettsii were detected in Idaho (2%) and Maryland (6.6%) [10,11], comparable to the levels we recorded in 2005 (7%).



E. canis infects domestic dogs and wild carnivores. Its recognized vectors include D. variables and R. sanguineus. It has been detected in a variety of canid and felid species, raccoons, and some cases in humans [50], but its detection in an Ursid species has not previously been recorded. E. canis is the most common disease of dogs in the Southern US. One study found the highest seroprevalence of E. canis in dogs to be in Texas, Louisiana, Arkansas, and Oklahoma [29]. While there have not been any cases of human disease due to E. canis in the USA, cases have been recorded in Venezuela, Russia, and Costa Rica [51,52]. We detected one positive result for E. canis in our study and this appears to be the first record of exposure to E. canis in any bear species. It has been rarely tested for in black bears, with a previous study in Maryland detecting no positive E. canis results [11]. Testing for Ehrlichia spp had previously been positive for 100% of bears tested in Oklahoma [53] but no specific Ehrlichia species was identified in the study.



A. phagocytophilum is known to occur in Wisconsin and the Upper Midwest [40] and has been detected in wildlife species such as white-tailed deer [54], but this appears to be the first report of exposure to this pathogen in black bears in the state. We detected a 10% prevalence of A. phagocytophilum in black bears, which is similar to the 9.2% prevalence detected in New Jersey [5], and lower than the 21% prevalence detected in Pennsylvania [55]; meanwhile, it is higher than the prevalences detected in black bears in California, Oregon and Washington (4.5%) [8], Maryland (6.7%) [11], and North Carolina (3%) [56]. As A. phagocytophilum is transmitted by Ixodes species [54], it is again interesting that none of these vector ticks were detected on the black bears in our study. However, possible reasons for the lack of detection of these ticks have already been discussed above. Since we did not test for A. phagocytophilum in black bears before 2005, we do not know whether it was present in black bears in 2003 and 2004. Our report of A. phagocytophilum among black bears in Wisconsin suggests that the monitoring of tick-borne diseases may be important to assessing the potential risk to public health and that serological tests are more likely to detect exposure of black bears to A. phagocytophilum than attempting to detect infected ticks on black bears.



The first positive human case of babesiosis in Wisconsin was confirmed in 2001, and since then, the number of cases in the state has risen over time [57]. We detected no positive results for Babesia, which has since been detected at varying levels in black bear blood in New Jersey (7.1%) [1], Oklahoma (6%) [53], and North Carolina (17%) [58]. Our samples were taken only a few years after Babesia was first reported in the state, so it probably was not yet widespread. However, with its detection in black bears from other states in more recent years and the increase in human cases reported in Wisconsin since our samples were collected, future studies on Wisconsin black bear populations may find increased levels of exposure to the pathogen.



Brucella species have previously been detected in grizzly bears [59,60], black bears, and polar bears in Alaska [61]. Br. canis is a common pathogen causing brucellosis in dogs and other canids worldwide. Outbreaks in Wisconsin kennels were previously associated with the US interstate dog trade [62]. While Br. canis can infect carnivores [63], there have not been many studies testing for Br. canis exposure in bears. We did not detect any Br. canis. Similarly, a study by Bronson et al. [11] in Maryland also detected none. This is not necessarily surprising because, when Brucella spp. were previously detected in black bears, prevalence was low, though it was higher in polar and grizzly bears [59,60,61].



While we did not find antibodies to A. phagocytophilum, E. canis, or B. canis in 2003–2004, because we first started testing for these specifically in 2005, we did use a general test for Ehrlichia species in 2003–2004. It is therefore likely that some of these tests would have been positive, had E. canis been present at the time. However, these tests were all negative (Table 2). Anecdotal evidence also supports the likelihood that Lyme disease, ehrlichosis, and anaplasmosis, as well as the presence of I. scapularis, were just emerging at this time in these parts of Wisconsin, since it was at this time that CK first saw Ixodes ticks and his first cases of Lyme disease in his veterinary practice in Two Rivers, Wisconsin (Pers. Obs.). These ticks are now endemic in this area.




4.4. Intestinal Parasites


B. transfuga is a globally distributed intestinal parasite of bears and our study confirms the continued presence of B. transfuga in Wisconsin black bears since Manville’s 1978 study [2], while also providing another data point for mapping its widespread distribution. While the distribution of B. transfuga is fairly well understood, differences in seasonal prevalence are still unclear. The presence/absence of intestinal parasites may be linked to hormonal changes due to hibernation [19]. We collected samples from Wisconsin in February, March, May, June, October, and November, thereby including both the hibernating and active seasons [64,65]. The highest levels of B. transfuga infection were found in June (active) and February (hibernating). While these results would support Borka-Vitális et al. (2017) [66], findings of no significant seasonal differences in B. transfuga infection and refute the idea that intestinal parasite levels are linked to hibernation, it may be that this is due to sampling bias, since February and June had the highest overall sampling effort (Figure 1E).





5. Conclusions


Black bears in Wisconsin had a high degree of tick infestation in summer and low levels in winter. As found in previous studies, we recorded D. variabilis ticks on many of the black bears we sampled. However, this is the first reported case of R. sanguineus ticks for any bear. Similar to other studies, we found positive results for B. burgdorferi, R. rickettsii, and A. phagocytophilum. However, our finding of E. canis is, to our knowledge, the first of its kind for an Ursid species. A Borrelia species had previously been detected in black bears in Wisconsin, but this report of R. rickettsii and A. phagocytophilum appears to be the first record of these pathogens having been present in a black bear in Wisconsin. We also recorded cases of the intestinal parasite B. transfuga throughout the year, with peaks seeming to occur in February and June.



The overall low-level detection of antibodies to the tick-borne diseases tested in our study indicates that black bears are likely not common reservoirs for these diseases and adds additional baseline data on tick-borne diseases in black bears. Nevertheless, the fact that antibodies were detected demonstrates the advantages of using serological tests for tick-borne diseases; this is indicative that there is a possibility of black bears becoming a reservoir for these diseases, and demonstrates the need for further study of black bears and other wildlife to understand the nature and extent of the risk of wildlife reservoirs for tick-borne diseases.
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Figure 1. (A) Males and female black bears captured per year and per month (all years combined for each month). Black bars represent male black bears while open bars represent female black bears. (B) Presence/absence of ticks on black bears per year and per month. Black bars represent ticks present while open bars represent an absence of ticks. (C) Test results for Lyme disease per year and per month. Black bars represent a positive test, while open bars represent a negative test. (D) Test results for all other tick-borne diseases tested per year and per month. Black bars represent a positive test, while open bars represent a negative test. (E) Presence/absence of B. transfuga in black bear feces per year and per month. Black bars represent B. transfuga present, while open bars represent an absence of B. transfuga. 
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Table 1. The number of black bears sampled and found to have one or more ticks when examined. The total number of bears tested can be obtained by adding the number of male and female bears tested.
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	Month
	No. of Male Bears
	No. of Female Bears
	No. of Bears with at Least One D. variabilis Tick Present
	No. of Bears with Only One or More R. sanguineus Ticks Present
	No. of Bears with at Least One Each of D. variabilis and R. sanguineus Tick Present





	February
	29
	35
	0
	0
	0



	March
	7
	11
	0
	0
	0



	May
	6
	3
	9
	0
	0



	June
	44
	31
	73
	0
	2



	October
	6
	4
	0
	0
	0



	November
	1
	2
	0
	0
	0



	Year
	
	
	
	
	



	2003
	19
	12
	25
	0
	0



	2004
	27
	27
	24
	0
	0



	2005
	37
	36
	33
	0
	2



	2006
	10
	11
	0
	0
	0



	Total
	93
	86
	82
	0
	2










 





Table 2. The number of black bears testing positively or negatively for antibodies for Lyme and other tick-borne diseases. “NT” indicates when bears were not tested for antibodies for the pathogen.






Table 2. The number of black bears testing positively or negatively for antibodies for Lyme and other tick-borne diseases. “NT” indicates when bears were not tested for antibodies for the pathogen.





	

	
B. burgdorferi

	
Ehrlichia spp.

	
A. phagocytophilum

	
E. canis

	
B. canis

	
R. rickettsii

	
Babesia spp.




	
Month

	
Total No. of Bears Tested

	
No. of Bears Testing Positive

	
Total No. of Bears Tested

	
No. of Bears Testing Positive

	
Total No. of Bears Tested

	
No. of Bears Testing Positive

	
Total No. of Bears Tested

	
No. of Bears Testing Positive

	
Total No. of Bears Tested

	
No. of Bears Testing Positive

	
Total No. of Bears Tested

	
No. of Bears Testing Positive

	
Total No. of Bears Tested

	
No. of Bears Testing Positive






	
Feb.

	
21

	
0

	
21

	
0

	
NT

	
NT

	
NT

	
NT

	
NT

	
NT

	
21

	
0

	
21

	
0




	
March

	
4

	
0

	
4

	
0

	
NT

	
NT

	
NT

	
NT

	
NT

	
NT

	
4

	
0

	
4

	
0




	
May

	
8

	
0

	
8

	
0

	
NT

	
NT

	
NT

	
NT

	
NT

	
NT

	
8

	
0

	
8

	
0




	
June

	
74

	
6

	
40

	
0

	
34

	
1

	
34

	
1

	
34

	
0

	
74

	
3

	
40

	
0




	
Oct.

	
5

	
4

	
NT

	
NT

	
5

	
0

	
5

	
3

	
5

	
0

	
5

	
0

	
NT

	
NT




	
Year

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
2003

	
24

	
0

	
24

	
0

	
NT

	
NT

	
NT

	
NT

	
NT

	
NT

	
24

	
0

	
24

	
0




	
2004

	
34

	
0

	
34

	
0

	
NT

	
NT

	
NT

	
NT

	
NT

	
NT

	
34

	
0

	
34

	
0




	
2005

	
54

	
10

	
15

	
0

	
39

	
1

	
39

	
4

	
39

	
0

	
54

	
3

	
15

	
0




	
Total

	
112

	
10

	
73

	
0

	
39

	
1

	
39

	
4

	
39

	
0

	
112

	
3

	
73

	
0











 





Table 3. The number of black bears testing positively for the intestinal parasite B. transfuga.
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	Month
	Total Number of Bears Tested
	No. of Bears with B. transfuga Present





	February
	45
	8



	March
	10
	2



	May
	9
	0



	June
	75
	7



	October
	5
	0



	November
	2
	0



	Year
	
	



	2003
	31
	3



	2004
	48
	5



	2005
	48
	3



	2006
	19
	6



	Total
	146
	17
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