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Abstract: The Borrelia genus contains two major clades, the Lyme borreliosis group, which includes the
causative agents of Lyme disease/borreliosis (B. burgdorferi sensu stricto and other related B. burgdorferi
sensu lato genospecies), and the relapsing fever borreliosis group (B. hermsii, B. turicatae, and B. parkeri).
Other unclassified reptile- and echidna-associated Borrelia spp. (i.e., B. turcica and ‘Candidatus Borrelia
tachyglossi’, respectively) do not belong in either of these two groups. In North America, Borrelia spp.
from both of the major clades are important pathogens of veterinary and public health concern.
Lyme disease is of particular interest because the incidence in the northeastern United States continues
to increase in both dogs and humans. Birds have a potentially important role in the ecology of Borrelia
species because they are hosts for numerous tick vectors and competent hosts for various Borrelia
spp. Our goal was to investigate the prevalence of Borrelia spp. in four free-living species of upland
game birds in Pennsylvania, USA including wild turkey (Meleagris gallopavo), ruffed grouse (Bonasa
umbellus), ring-necked pheasants (Phasianus colchicus), and American woodcock (Scolopax minor).
We tested 205 tissue samples (bone marrow and/or spleen samples) from 169 individuals for Borrelia
using a flagellin gene (flab) nested PCR, which amplifies all Borrelia species. We detected Borrelia
DNA in 12% (24/205) of samples, the highest prevalence was in wild turkeys (16%; 5/31), followed
by ruffed grouse (13%; 16/126) and American woodcock (3%; 1/35). All pheasants (n = 13) were
negative. We sequenced amplicons from all positive game birds and all were B. burgdorferi sensu
stricto. Our results support previous work indicating that certain species of upland game birds are
commonly infected with Borrelia species, but unlike previous studies, we did not find any relapsing
fever borreliae.
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1. Introduction

Spirochetes in the genus Borrelia are transmitted by ticks and use mammalian reservoirs, most often
a rodent [1]. Borrelia infections of reservoir hosts are often asymptomatic; however, when transmitted to
some aberrant hosts (e.g., humans and dogs), infection may result in various disease syndromes. In the
United States, the more important diseases include Lyme disease (caused by the Borrelia burgdorferi
sensu stricto (s.s.) and the recently described Borrelia mayonii) and several tick-borne relapsing fevers
caused by B. hermsii, B. turicatae, and B. parkeri (transmitted by with soft ticks) and B. miyamotoi
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(transmitted by Ixodes scapularis) [1,2]. The ecology of B. burgdorferi s.s. in the United States is
well-researched but there is still much to learn about natural history of this important human and
animal pathogen as well as other Borrelia spp. [3–5]. In the eastern United States, the predominant
vector of B. burgdorferi s.s. is the black-legged tick (Ixodes scapularis) [6], while the western black-legged
tick (Ixodes pacificus) serves as the vector on the Pacific coast. Lyme disease is most prevalent in the
Northeast and upper Midwest, but a large number of cases are also reported in the mid-Atlantic and
Pacific coast regions [7].

The risk of Lyme disease in the northeastern United States continues to increase, particularly in
Pennsylvania, which has prompted interest in wildlife hosts of vectors [7–9]. Birds are of particular
interest as some species undergo long-range movements, many have been identified as hosts for
Ixodes species, and they may act as reservoirs for Borrelia spp. [10,11]. Upland game birds can act as
hosts to both ticks and Borrelia species [12,13]. Previous surveillance studies on wild turkeys from
Tennessee and California reported a relatively high prevalence of relapsing fever Borrelia spp. and a
low prevalence of B. burgdorferi sensu lato [13,14]. To date, there has been little work investigating the
prevalence of Borrelia species in North American game birds and none within the northeastern United
States [12,13,15].

The goal of this study was to investigate the prevalence of infection with Borrelia species
among four species of upland game birds (wild turkey (Meleagris gallopavo), ruffed grouse
(Bonasa umbellus), ring-necked pheasants (Phasianus colchicus), and American woodcock (Scolopax minor)
from Pennsylvania, USA.

2. Materials and Methods

During 2014–2017, using hunter harvested animals we opportunistically collected bone marrow
and spleen samples from wild upland game birds from Pennsylvania. All game birds were free-living
and not from captive-propagated sources. Tissue samples were collected and processed as previously
reported [16]. Bone marrow samples were collected from the tarsometatarsus (ring-necked pheasants
and wild turkeys) or tibiotarsus (ruffed grouse and American woodcock) using sterile bone rongeurs,
scalpel blade, and forceps. Spleen samples, when available, were collected using sterile scalpel blades
and forceps. Collection of these samples was reviewed by and approved by UGA’s Institutional Animal
Care and Use Committee (A2013 07-003).

Tissue samples were stored at −80 ◦C until DNA extractions were performed using a commercial
kit (Qiagen DNeasy Blood and Tissue Kits Germantown, Maryland) following the manufacturer’s
instructions. Extracted samples were screened for the presence of Borrelia spp. using nested
PCR targeting the Borrelia flagellin gene (flab) as described [17,18]. The primary reaction contained
5 µL of template DNA and was carried out using 1.0 µM concentration (each) of the primers
FlaLL (5′-ACATATTCAGATGCAGACAGAGGT-3′) and FlaRL (5′-GCAATCATAGCCATTGCAGA
TTGT-3′). The nested reaction contained 1 µL of primary PCR product, and 1.0 µM concentration
(each) of the primers FlaLS (5′-AACAGCTGAAGAGCTTGGAATG-3′) and FlaRS (5′-CTTTGATCACT
TATCATTCTAATAGC-3′). Cycling conditions for both reactions included initial denaturation for 3-min
at 95 ◦C, followed by 40 cycles of 1-min denaturation at 95 ◦C, 1-min annealing at 55 ◦C, and 1-min
extension at 75 ◦C. Amplicons were visualized in a 0.8% agarose gel, and positive bands (~350-bp) were
excised and extracted using a Qiagen Gel Extraction kit (Qiagen Germantown, MD, USA). Negative and
positive controls (from sequence confirmed B. lonestari DNA) were used to validate PCR amplification.
Purified amplicons from samples were submitted for bidirectional Sanger sequencing at the Georgia
Genomics and Bioinformatics Core (Athens, GA, USA). Chromatograms were analyzed using Geneious
(Biomatters Limited–Version 11.1.5, Auckland, New Zealand). Sequences were aligned in MEGA (Molecular
Evolutionary Genetics Analysis-Version 7.0.21, State College, PA, USA), visually analyzed and compared
to sequences in GenBank.
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3. Results

We tested a total of 205 tissue samples from 169 individual upland game birds including 28
American woodcock (19 bone marrow, 16 spleen), 13 ring-necked pheasants (11 bone marrow, 2 spleen),
97 ruffed grouse (69 bone marrow, 57 spleen), and 31 wild turkeys (17 bone marrow, 14 spleen) (Table 1).
Some birds yielded a sample of each bone marrow and spleen, whereas others did not (Table 1).

Table 1. Number of individual upland game birds and sample type (bone marrow, spleen) from
Pennsylvania and prevalence of Borrelia burgdorferi detected.

Species
(No. of Individuals Sampled, No. of Birds with

both Bone Marrow and Spleen Available)

No. of Positive/No. of Samples Tested
Total Prevalence

Bone Marrow Spleen

American Woodcock
Scolopax minor (n = 28, 7) 0% (0/19) 6% (1/16) 3% (1/35)

Ring-necked pheasant
Phasianus colchicus (n = 13, 0) 0% (0/11) 0% (0/2) 0% (0/13)

Ruffed Grouse
Bonasa umbellus (n = 97, 29) 16% (11/69) 12% (7/57) 14% (18/126) *

Wild Turkey
Meleagris gallopavo (n = 31, 0) 29% (5/17) 0% (0/14) 16% (5/31)

Total (n = 169) 14% (16/116) 9% (8/89) 12% (24/205)

* 8 birds were positive for Borrelia from both bone marrow and spleen samples.

Overall, 12% (24/205) of the samples were positive for B. burgdorferi and no other Borrelia species
were detected (Table 1). Wild turkeys had the highest prevalence of B. burgdorferi of the four species of
birds sampled, 16%, (5/31), but B. burgdorferi was only detected from bone marrow samples of these
individuals, at 29% (5/17). Conversely, 6% (1/16) of woodcock spleen samples were positive, whereas the
bone marrow samples were all negative (n = 19). Finally, ruffed grouse had positives detected in
both bone marrow (16%; 11/69) and spleen (12%; 7/57) (Table 1). None of the ring-necked pheasant
bone marrow samples were positive for Borrelia spp. Sequence results from positive amplicons were
compared to accessioned GenBank species, and resulted in 100% identity agreement to B. burgdorferi s.s.

4. Discussion

In the United States, Lyme disease is an important vector-borne disease, accounting for 82% of
tick-borne associated bacterial infections [19], and has spurred increased interest in other pathogenic
Borrelia species (e.g., B. miyamotoi) [20]. Although several studies have investigated the prevalence of
Borrelia spp. in I. scapularis, few studies have looked at infection in possible avifauna hosts [21–25].
Pennsylvania ranks as one of the leading states for the number of human Lyme disease cases and
the number of dogs testing positive for antibodies to B. burgdorferi [8,19,26] (www.capcvet.org/maps).
Since 1992, Lyme disease has been an increasing disease concern in Pennsylvania as evidenced by
the increase in B. burgdorferi seroprevalence in dogs, reported cases of Lyme disease in humans,
and geographic distribution of cases throughout the Commonwealth [7,8,26,27].

Borrelia spp. infections have been noted in upland game birds from several states during
previous studies. In Tennessee, wild turkey and migratory waterfowl were screened for Borrelia
spp., with samples collected close to and distant from Tennessee National Wildlife Refuge (TNWR),
a location known for being a stop-over for migratory birds [12]. Prevalence of B. burgdorferi was highest
in resident wild turkeys sampled closest to the migration routes, whereas B. lonestari prevalence was
highest in wild turkeys farther away from the TNWR and associated flyways. Another study in
Tennessee found 58% (35/60) of wild turkeys were positive for B. miyamotoi [13]. Interestingly, in that
study, none of the wild turkey blood samples were PCR positive for B. burgdorferi or B. lonestari,
although some studies have reported relapsing fever Borrelia spp. that were not detected in the current
study. Although no relapsing fever Borrelia (i.e., B. lonestari or B. miyamotoi) were detected in any of the
game birds included in our study, the primer set we used is known to amplify several relapsing fever
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Borrelia spp. (including B. miyamotoi) as demonstrated by studies in our lab (B. lonestari in deer and deer
ticks [28], B. turicatae in dogs [5], and a novel Borrelia sp. in penguins [29] and by other groups [30,31].

The prevalence of B. burgdorferi differed between the game bird species surveyed in this study.
A potential explanation for this difference in Pennsylvania is the utilization of different habitat types
by each avian species, and what species of ticks (and their densities) are thought to co-occur in
these areas. For example, wild turkeys utilize habitats including mature coniferous and mature
hardwood forest stands, agricultural lands, and a varying degree of interspersion of mature forests
and field edges [32–34]. Ring-necked pheasants inhabit grasslands and pastoral settings, with some
use of scrub/shrub wetlands and stream corridors, which is also habitat shared by woodcock [35,36].
Both woodcock and ruffed grouse are early successional species, found primarily in young forest
stands with a high density of woody stems [37]. As previously noted, ticks were not tested as part of
this current study, but the prevalence we detected in these game birds was lower than previous reports
of Borrelia spp. detected in ticks from Pennsylvania (47.4%) [23].

Recently, a 117-year retrospective analysis was conducted evaluating changes in tick communities
in Pennsylvania [38]. The study found that five species of ticks (Dermacentor variabilis, Ixodes scapularis,
I. cookei, Rhipicephalus sanguineus, and Amblyomma americanum) were predominantly represented in
collections from 1900–2017 [38]. Ticks recovered from wildlife made up only 6% (275/4491) of the total
submissions, and of those submissions, ticks from avifauna were poorly represented. This poses a
challenge to the surveillance of ticks and tick-borne pathogens in the avian hosts of Pennsylvania
throughout North America.

5. Conclusions

In the face of increasing interactions between wildlife and domestic animals, enhanced surveillance
of vector and host species is required to provide a robust understanding of tick-borne pathogens and
risk assessment. An integral part of tick-borne disease surveillance is increasing our understanding
of the role of wildlife species as hosts for ticks and/or reservoirs of pathogens. Migratory birds can
carry ticks and pathogens over great distances while upland game birds can host these ticks and may
have exposure to pathogens [12,13,22,39]. On a global scale, our results support additional studies
documenting findings of Borrelia species in avifauna, and importantly the associated vectors in various
locations [40–42], highlighting the importance of birds in the transmission, maintenance and geographic
spread of tick-borne pathogens. In this study, we reported B. burgdorferi infection of wild upland game
birds in Pennsylvania; however, additional work (tick transmission trials, experimental infections with
wild turkeys, assessment of clinical illness, continued field surveillance) is needed to provide a more
comprehensive perspective on the role of upland game birds in the ecology of Borrelia spp. and other
tick-borne pathogens and any potential impact of ticks and tick-borne pathogens on the health and
survival of wild game birds.

Author Contributions: Conceptualization, C.A.C., J.D.B., M.J.C., L.W., and M.J.Y.; formal analysis, C.A.C. and
L.S.; investigation, J.D.B., L.W., and M.J.Y.; methodology, C.A.C., L.S., J.D.B., M.J.C., L.W., and M.J.Y.; project
administration, M.J.C.; supervision, C.A.C.; writing—original draft, C.A.C., L.S., and J.D.B.; writing—review
and editing, C.A.C., J.D.B., M.J.C., L.W., and M.J.Y. All authors have read and agreed to the published version of
the manuscript.

Funding: Support was provided by the wildlife management agencies of the Southeastern Cooperative Wildlife
Disease Study member states through the Federal Aid to Wildlife Restoration Act (50 Stat. 917) and by a U.S.
Department of the Interior Cooperative Agreement. Additional support for C.A.C. was provided by the ARCS
Foundation (Atlanta Chapter) and the Shikar Safari Club.

Acknowledgments: The authors thank the upland game bird hunters of Pennsylvania for contributing
these samples.

Conflicts of Interest: The authors declare no conflicts of interest.



Vet. Sci. 2020, 7, 82 5 of 7

References

1. Barbour, A.G.; Hayes, S.F. Biology of Borrelia species. Microbiol. Rev. 1986, 50, 381–400. [CrossRef] [PubMed]
2. Pritt, B.S.; Mead, P.S.; Johnson, D.K.H.; Neitzel, D.F.; Respicio-Kingry, L.; Davis, J.P.; Schiffman, E.; Sloan, L.M.;

Schriefer, M.E.; Replogle, A.J.; et al. Identification of a novel pathogenic Borrelia species causing Lyme
borreliosis with unusually high spirochaetaemia: A descriptive study. Lancet Infect. Dis. 2016, 16, 556–564.
[CrossRef]

3. Johnson, R.C.; Schmid, G.P.; Hyde, F.W.; Steigerwalt, A.G.; Brenner, D.J. Borrelia burgdorferi sp. nov.: Etiologic
agent of Lyme disease. Int. J. Syst. Evol. Microbiol. 1984, 34, 496–497. [CrossRef]

4. Schotthoefer, A.M.; Frost, H.M. Ecology and epidemiology of Lyme borreliosis. Clin. Lab. Med. 2015, 35,
723–743. [CrossRef]

5. Gettings, J.R.; Lopez, J.E.; Krishnavahjala, A.; Armstrong, B.A.; Thompson, A.T.; Yabsley, M.J. Antibodies
to Borrelia turicatae in Experimentally Infected Dogs Cross-React with Borrelia burgdorferi Serologic Assays.
J. Clin. Microbiol. 2019, 57. [CrossRef]

6. Kung, F.; Anguita, J.; Pal, U. Borrelia burgdorferiand tick proteins supporting pathogen persistence in the
vector. Future Microbiol. 2013, 8, 41–56. [CrossRef]

7. Schwartz, A.M.; Hinckley, A.F.; Mead, P.S.; Hook, S.A.; Kugeler, K.J. Surveillance for Lyme disease—United
States, 2008–2015. MMWR Surveill. Summ. 2017, 66, 1. [CrossRef]

8. Bacon, R.M.; Kugeler, K.J.; Mead, P.S. Surveillance for Lyme disease—United States, 1992–2006. MMWR
Surveill. Summ. 2008, 57, 1–9.

9. Hamer, S.A.; Tsao, J.I.; Walker, E.D.; Hickling, G.J. Invasion of the Lyme Disease Vector Ixodes scapularis:
Implications for Borrelia burgdorferi Endemicity. EcoHealth 2010, 7, 47–63. [CrossRef]

10. Olsén, B.; Jaenson, T.G.; Bergström, S. Prevalence of Borrelia burgdorferi sensu lato-infected ticks on migrating
birds. Appl. Environ. Microbiol. 1995, 61, 3082–3087. [CrossRef]

11. Kurtenbach, K.; Schäfer, S.M.; Sewell, H.-S.; Peacey, M.; Hoodless, A.; Nuttall, P.; Randolph, S.E. Differential
Survival of Lyme Borreliosis Spirochetes in Ticks That Feed on Birds. Infect. Immun. 2002, 70, 5893–5895.
[CrossRef] [PubMed]

12. Jordan, B.E.; Onks, K.R.; Hamilton, S.W.; Hayslette, S.E.; Wright, S.M. Detection of Borrelia burgdorferi and
Borrelia lonestari in Birds in Tennessee. J. Med. Entomol. 2009, 46, 131–138. [CrossRef]

13. Scott, M.C.; Rosen, M.E.; Hamer, S.A.; Baker, E.; Edwards, H.; Crowder, C.; Tsao, J.I.; Hickling, G.J.
High-Prevalence Borrelia miyamotoi Infection Among Wild Turkeys (Meleagris gallopavo) in Tennessee. J. Med.
Entomol. 2010, 47, 1238–1242. [CrossRef] [PubMed]

14. Lane, R.S.; Kucera, T.F.; Barrett, R.H.; Mun, J.; Wu, C.; Smith, V.S. Wild turkey (Meleagris gallopavo) as a host
of ixodid ticks, lice, and lyme disease spirochetes (borrelia burgdorferi sensu lato) in California state parks.
J. Wildl. Dis. 2006, 42, 759–771. [CrossRef] [PubMed]

15. Kurtenbach, K.; Carey, D.; Hoodless, A.N.; Nuttall, P.; Randolph, S.E. Competence of pheasants as reservoirs
for Lyme disease spirochetes. J. Med. Entomol. 1998, 35, 77–81. [CrossRef]

16. Thomas, J.M.; Allison, A.B.; Holmes, E.C.; Phillips, J.E.; Bunting, E.M.; Yabsley, M.J.; Brown, J.D. Molecular
surveillance for lymphoproliferative disease virus in wild turkeys (Meleagris gallopavo) from the eastern
United States. PLoS ONE 2015, 10, e0122644. [CrossRef]

17. Barbour, A.G.; Maupin, G.O.; Teltow, G.J.; Carter, C.J.; Piesman, J. Identification of an Uncultivable Borrelia
Species in the Hard Tick Amblyomma americanum: Possible Agent of a Lyme Disease-like Illness. J. Infect. Dis.
1996, 173, 403–409. [CrossRef]

18. Stromdahl, E.Y.; Williamson, P.C.; Kollars, T.M.; Evans, S.R.; Barry, R.K.; Vince, M.A.; Dobbs, N.A. Evidence of
Borrelia lonestari DNA in Amblyomma americanum (Acari: Ixodidae) Removed from Humans. J. Clin. Microbiol.
2003, 41, 5557–5562. [CrossRef]

19. Paules, C.I.; Marston, H.D.; Bloom, M.E.; Fauci, A.S. Tickborne Diseases—Confronting a Growing Threat.
N. Engl. J. Med. 2018, 379. [CrossRef]

20. Wormser, G.P.; Shapiro, E.D.; Fish, D. Borrelia miyamotoi: An Emerging Tick-Borne Pathogen. Am. J. Med.
2019, 132, 136–137. [CrossRef]

21. Dennis, D.T.; Nekomoto, T.S.; Victor, J.; Paul, W.S.; Piesman, J. Reported distribution of Ixodes scapularis
and Ixodes pacificus (Acari: Ixodidae) in the United States. J. Med. Entomol. 1998, 35, 629–638. [CrossRef]
[PubMed]

http://dx.doi.org/10.1128/MMBR.50.4.381-400.1986
http://www.ncbi.nlm.nih.gov/pubmed/3540570
http://dx.doi.org/10.1016/S1473-3099(15)00464-8
http://dx.doi.org/10.1099/00207713-34-4-496
http://dx.doi.org/10.1016/j.cll.2015.08.003
http://dx.doi.org/10.1128/JCM.00628-19
http://dx.doi.org/10.2217/fmb.12.121
http://dx.doi.org/10.15585/mmwr.ss6622a1
http://dx.doi.org/10.1007/s10393-010-0287-0
http://dx.doi.org/10.1128/AEM.61.8.3082-3087.1995
http://dx.doi.org/10.1128/IAI.70.10.5893-5895.2002
http://www.ncbi.nlm.nih.gov/pubmed/12228325
http://dx.doi.org/10.1603/033.046.0117
http://dx.doi.org/10.1603/ME10075
http://www.ncbi.nlm.nih.gov/pubmed/21175079
http://dx.doi.org/10.7589/0090-3558-42.4.759
http://www.ncbi.nlm.nih.gov/pubmed/17255442
http://dx.doi.org/10.1093/jmedent/35.1.77
http://dx.doi.org/10.1371/journal.pone.0122644
http://dx.doi.org/10.1093/infdis/173.2.403
http://dx.doi.org/10.1128/JCM.41.12.5557-5562.2003
http://dx.doi.org/10.1056/NEJMp1807870
http://dx.doi.org/10.1016/j.amjmed.2018.08.012
http://dx.doi.org/10.1093/jmedent/35.5.629
http://www.ncbi.nlm.nih.gov/pubmed/9775584


Vet. Sci. 2020, 7, 82 6 of 7

22. Ginsberg, H.S.; Buckley, P.A.; Balmforth, M.G.; Zhioua, E.; Mitra, S.; Buckley, F.G. Reservoir Competence of
Native North American Birds for the Lyme Disease Spirochete, Borrelia burgdorferi. J. Med. Entomol. 2005, 42,
445–449. [CrossRef]

23. Hutchinson, M.L.; Strohecker, M.D.; Simmons, T.W.; Kyle, A.D.; Helwig, M.W. Prevalence Rates of Borrelia
burgdorferi (Spirochaetales: Spirochaetaceae), Anaplasma phagocytophilum (Rickettsiales: Anaplasmataceae),
and Babesia microti (Piroplasmida: Babesiidae) in Host-Seeking Ixodes scapularis (Acari: Ixodidae) from
Pennsylvania: Figure 1. J. Med. Entomol. 2015, 52, 693–698. [CrossRef] [PubMed]

24. Edwards, M.; Russell, J.C.; Davidson, E.N.; Yanushefski, T.J.; Fleischman, B.L.; Heist, R.O.; Leep-Lazar, J.G.;
Stuppi, S.L.; Esposito, R.A.; Suppan, L.M. A 4-Yr Survey of the Range of Ticks and Tick-Borne Pathogens
in the Lehigh Valley Region of Eastern Pennsylvania. J. Med. Entomol. 2019, 56, 1122–1134. [CrossRef]
[PubMed]

25. Simmons, A.; Manges, A.B.; Bharathan, T.; Tepe, S.L.; McBride, S.E.; DiLeonardo, M.Q.; Duchamp, J.E.;
Simmons, T.W. Lyme Disease Risk of Exposure to Blacklegged Ticks (Acari: Ixodidae) Infected with Borrelia
burgdorferi (Spirochaetales: Spirochaetaceae) in Pittsburgh Regional Parks. J. Med. Entomol. 2019, 57, 273–280.
[CrossRef] [PubMed]

26. Self, S.C.W.; Mcmahan, C.S.; Brown, D.A.; Lund, R.B.; Gettings, J.R.; Yabsley, M.J. A large-scale spatio-temporal
binomial regression model for estimating seroprevalence trends. Environmetrics 2018, 29, e2538. [CrossRef]

27. Eddens, T.; Kaplan, D.J.; Anderson, A.J.M.; Nowalk, A.; Campfield, B.T. Insights from the Geographic Spread
of the Lyme Disease Epidemic. Clin. Infect. Dis. 2018, 68, 426–434. [CrossRef] [PubMed]

28. Moore, V.A., IV; Varela, A.S.; Yabsley, M.J.; Davidson, W.R.; Little, S.E. Detection of Borrelia lonestari, Putative
Agent of Southern Tick-Associated Rash Illness, in White-Tailed Deer (Odocoileus virginianus) from the
Southeastern United States. J. Clin. Microbiol. 2003, 41, 424–427. [CrossRef]

29. Yabsley, M.J.; Parsons, N.J.; Horne, E.C.; Shock, B.C.; Purdee, M. Novel relapsing fever Borrelia detected in
African penguins (Spheniscus demersus) admitted to two rehabilitation centers in South Africa. Parasitol. Res.
2011, 110, 1125–1130. [CrossRef] [PubMed]

30. Lin, T.; Gao, L.; Seyfang, A.; Oliver, J.H. ‘Candidatus Borrelia texasensis’, from the American dog tick
Dermacentor variabilis. Int. J. Syst. Evol. Microbiol. 2005, 55, 685–693. [CrossRef] [PubMed]

31. Schwan, T.G.; Anderson, J.M.; López, J.E.; Fischer, R.J.; Raffel, S.J.; McCoy, B.N.; Safronetz, D.; Sogoba, N.;
Maïga, O.; Traore, S.F. Endemic Foci of the Tick-Borne Relapsing Fever Spirochete Borrelia crocidurae in Mali,
West Africa, and the Potential for Human Infection. PLoS Neglected Trop. Dis. 2012, 6, e1924. [CrossRef]
[PubMed]

32. Chamberlain, M.J.; Leopold, B.D. Habitat sampling and selection by female wild turkeys during preincubation.
Wilson Bull. 2000, 112, 326–331. [CrossRef]

33. Niedzielski, B.; Bowman, J. Home range and habitat selection of the female eastern wild turkey at its northern
range edge. Wildl. Biol. 2016, 22, 55–63. [CrossRef]

34. Pollentier, C.; Lutz, R.S.; Drake, D. Female wild turkey habitat selection in mixed forest-agricultural
landscapes. J. Wildl. Manag. 2017, 81, 487–497. [CrossRef]

35. Schmitz, R.A.; Clark, W.R. Survival of Ring-Necked Pheasant Hens during Spring in Relation to Landscape
Features. J. Wildl. Manag. 1999, 63, 147. [CrossRef]

36. Smith, S.A.; Stewart, N.J.; Gates, J.E. Home Ranges, Habitat Selection and Mortality of Ring-necked Pheasants
(Phasianus colchicus) in North-central Maryland. Am. Midl. Nat. 1999, 141, 185–197. [CrossRef]

37. Dessecker, D.R.; McAuley, D.G. Importance of early successional habitat to ruffed grouse and American
woodcock. Wildl. Soc. Bull. 2001, 29, 456–465.

38. Pak, D.; Jacobs, S.B.; Sakamoto, J.M. A 117-year retrospective analysis of Pennsylvania tick community
dynamics. Parasites Vectors 2019, 12, 189. [CrossRef]

39. Hamer, S.A.; Hickling, G.J.; Keith, R.; Sidge, J.L.; Walker, E.D.; Tsao, J.I. Associations of passerine birds,
rabbits, and ticks with Borrelia miyamotoi and Borrelia andersonii in Michigan, U.S.A. Parasites Vectors 2012, 5,
231. [CrossRef]

40. Carvalho, L.A.; Maya, L.; Armua-Fernandez, M.T.; Félix, M.L.; Bazzano, V.; Barbieri, A.M.; González, E.M.;
Lado, P.; Colina, R.; Díaz, P.; et al. Borrelia burgdorferi sensu lato infecting Ixodes auritulus ticks in Uruguay.
Exp. Appl. Acarol. 2019, 80, 109–125. [CrossRef]

http://dx.doi.org/10.1603/0022-2585(2005)042[0445:RCONNA]2.0.CO;2
http://dx.doi.org/10.1093/jme/tjv037
http://www.ncbi.nlm.nih.gov/pubmed/26335476
http://dx.doi.org/10.1093/jme/tjz043
http://www.ncbi.nlm.nih.gov/pubmed/31009533
http://dx.doi.org/10.1093/jme/tjz140
http://www.ncbi.nlm.nih.gov/pubmed/31502636
http://dx.doi.org/10.1002/env.2538
http://dx.doi.org/10.1093/cid/ciy510
http://www.ncbi.nlm.nih.gov/pubmed/29920580
http://dx.doi.org/10.1128/JCM.41.1.424-427.2003
http://dx.doi.org/10.1007/s00436-011-2602-2
http://www.ncbi.nlm.nih.gov/pubmed/21870246
http://dx.doi.org/10.1099/ijs.0.02864-0
http://www.ncbi.nlm.nih.gov/pubmed/15774644
http://dx.doi.org/10.1371/journal.pntd.0001924
http://www.ncbi.nlm.nih.gov/pubmed/23209863
http://dx.doi.org/10.1676/0043-5643(2000)112[0326:HSASBF]2.0.CO;2
http://dx.doi.org/10.2981/wlb.00138
http://dx.doi.org/10.1002/jwmg.21214
http://dx.doi.org/10.2307/3802495
http://dx.doi.org/10.1674/0003-0031(1999)141[0185:HRHSAM]2.0.CO;2
http://dx.doi.org/10.1186/s13071-019-3451-6
http://dx.doi.org/10.1186/1756-3305-5-231
http://dx.doi.org/10.1007/s10493-019-00435-8


Vet. Sci. 2020, 7, 82 7 of 7

41. Norte, A.C.; Heylen, D.; Araújo, P.M.; Pascoal da Silva, L.; Sprong, H.; Krawczyk, A.; Costantini, D.;
Eens, M.; Núncio, M.S.; Ramos, J.A.; et al. The Importance of Wildlife Health on Zoonotic Bacteria
Transmission: Interactions between Borrelia Burgdorferi sl and Its Avian Hosts. In Proceedings of the
International Congress on Environmental Health (ICEH 2019) “New” Challenges for the Future, Lisbon,
Portugal, 25–27 September 2019.

42. Scott, J.D.; Clark, K.L.; Durden, L.A. Presence of Babesia odocoilei and Borrelia burgdorferi Sensu Stricto in a
Tick and Dual Parasitism of Amblyomma inornatum and Ixodes scapularis on a Bird in Canada. Healthcare 2019,
7, 46. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3390/healthcare7010046
http://www.ncbi.nlm.nih.gov/pubmed/30897803
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

