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Abstract 

Background: In a warmer and more globally connected Arctic, vector-borne pathogens of zoonotic importance 
may be increasing in prevalence in native wildlife. Recently, Bartonella henselae, the causative agent of cat scratch 
fever, was detected in blood collected from arctic foxes (Vulpes lagopus) that were captured and released in the large 
goose colony at Karrak Lake, Nunavut, Canada. This bacterium is generally associated with cats and cat fleas, which are 
absent from Arctic ecosystems. Arctic foxes in this region feed extensively on migratory geese, their eggs, and their 
goslings. Thus, we hypothesized that a nest flea, Ceratophyllus vagabundus vagabundus (Boheman, 1865), may serve as 
a vector for transmission of Bartonella spp.

Methods: We determined the prevalence of Bartonella spp. in (i) nest fleas collected from 5 arctic fox dens and (ii) 
37 surrounding goose nests, (iii) fleas collected from 20 geese harvested during arrival at the nesting grounds and 
(iv) blood clots from 57 adult live-captured arctic foxes. A subsample of fleas were identified morphologically as C. v. 
vagabundus. Remaining fleas were pooled for each nest, den, or host. DNA was extracted from flea pools and blood 
clots and analyzed with conventional and real-time polymerase chain reactions targeting the 16S-23S rRNA intergenic 
transcribed spacer region.

Results: Bartonella henselae was identified in 43% of pooled flea samples from nests and 40% of pooled flea samples 
from fox dens. Bartonella vinsonii berkhoffii was identified in 30% of pooled flea samples collected from 20 geese. Both 
B. vinsonii berkhoffii (n = 2) and B. rochalimae (n = 1) were identified in the blood of foxes.

Conclusions: We confirm that B. henselae, B. vinsonii berkhoffii and B. rochalimae circulate in the Karrak Lake ecosys-
tem and that nest fleas contain B. vinsonii and B. henselae DNA, suggesting that this flea may serve as a potential vec-
tor for transmission among Arctic wildlife.
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Background
Migratory birds play a role in the global movement 
of pathogens. As the Arctic continues to warm, it is 
important to understand how movements of millions of 
migratory birds to Arctic nesting grounds and result-
ing avian host-parasite relationships may affect the 
transmission of vector-borne pathogens in Arctic eco-
systems. Bartonella spp. are gram-negative fastidious 
intracellular bacteria that reside within erythrocytes, 
epithelial cells and macrophages [1–3]. Transmis-
sion can occur by (i) blood transfusions, (ii) animal 
scratches, and (iii) through a bite or (iv) the inoculation 
of feces from blood-feeding arthropods [4, 5]. A wide 
range of mammalian hosts develop chronic bacteremia, 
serving as sources of infection for arthropod vectors [6, 
7]. The heterogeneity of host species has continued to 
grow with the discovery of Bartonella DNA in blood 
from loggerhead sea turtles (Caretta caretta), red-
winged blackbirds (Agelaius phoeniceus) and northern 
mockingbirds (Mimus polyglottos), suggesting that non-
mammalian species and their associated ectoparasites 
may play a role in the maintenance and dissemination 
of these pathogens [8, 9]. This group of bacteria has 
been found in numerous hematophagous arthropods, 
including ticks, sand flies, fleas, and lice [10, 11]. The 
list of potential vectors could also be larger than antici-
pated, as Bartonella DNA has recently been detected 
in avian-associated ectoparasites, including mites 
(Dermanyssus prognephilus), blow flies (Protocalliphora 
sialia) and fleas (Ceratophyllus idius) [12].

Previously, Bartonella henselae was isolated from the 
blood of 3 arctic foxes that were live-captured in the 
goose colony at Karrak Lake, Nunavut, Canada (67° 14ʹ 
N, 100° 15ʹ W) [13]. This was the first documentation 
of B. henselae in arctic foxes and was unexpected as 
suitable vectors have not been identified in Arctic eco-
systems. Transmission cycles generally involve felids 
and their associated fleas, which are absent in the Arc-
tic [14]. Arctic foxes in this region feed extensively on 
geese, eggs and goslings [15]. Blood-covered eggs in 
the colony were first noted in 1991 and were eventu-
ally attributed to a host-parasite relationship involving 
the nest flea, Ceratophyllus vagabundus vagabundus 
(Boheman, 1865) [16]. Since arctic foxes prey heav-
ily on geese and their eggs, we hypothesized that nest 
fleas may function as a vector for transmission of Bar-
tonella spp. at Karrak Lake. Therefore, we determined 
the prevalence of Bartonella spp. in fleas collected from 
geese, goose nests, and fox dens and blood clots from 
captured adult foxes. As Bartonella spp. are highly fas-
tidious and difficult to culture, polymerase chain reac-
tion analysis was used to detect DNA in fleas and foxes 
[17].

Methods
This study was conducted from 2014 to 2018 at the large 
colony of Rossʼs (Chen rossii) and lesser snow geese 
(Chen caerulescens caerulescens) near Karrak Lake, 
Nunavut, Canada (67° 14ʹ N, 100° 15ʹ W). Karrak Lake 
is in the Queen Maud Gulf Migratory Bird Sanctuary 
and supports roughly 90% of the world’s population of 
Ross’s geese and 15% of the population of lesser snow 
geese during the summer months [18]. Population size of 
nesting Ross’s and snow geese at Karrak Lake increased 
from about 400,000 in 1993 to almost 1.2 million birds by 
2010, reflecting broader continental population increases 
by both species of geese [19].

Sample collection
During the summer of 2014, fleas were collected from 5 
fox dens located within the Karrak Lake colony by using 
a 25 × 25 cm square of white flannel placed on a plumb-
er’s snake. This was extended into den entrances for a 
maximum of three meters and removed after 30 seconds. 
Similarly, 37 goose nests with evidence of flea infestation 
(Fig. 1) were sampled using a 25 × 25 cm square of white 
flannel placed over each incubating nest for one minute 
as per Harriman et  al. [16]. These white flannel squares 
were placed individually into Ziploc bags and frozen 
overnight [20]. Fleas from each flannel square were then 
pooled and placed into a microcentrifuge tube contain-
ing 70% ethanol (one tube per den or nest). A total of 827 
fleas were collected from goose nests and 86 fleas were 
collected from den sites.

Forty-eight Ross’s and 54 lesser snow geese were shot 
(see Ross et al. [21]) as they arrived at the nesting colony 
in early June 2018, placed into sealed clear plastic bags 
immediately, and held at ambient temperature overnight. 
Fleas found in the bag or on the goose were pooled for 
each host and placed into a microcentrifuge tube con-
taining 70% ethanol. A total of 97 fleas were found on 
19% of Ross’s geese (n = 9/48; 95% CI: 10–32%) and 20% 
of lesser snow geese (n = 11/54; 95% CI: 12–33%).

Fifty-seven adult arctic foxes were live-captured during 
May 2014–2018 as per Bouchard et al. [22]. Briefly, foxes 
were caught in box traps and sedated with 0.15–0.20 ml 
of Telazol® administered intramuscularly [23]. Ear tags 
were placed in both ears for future identification and 
blood was collected from the cephalic vein. Samples were 
then centrifuged, and sera and blood clots were stored 
separately in freezers until tested. Nest fleas are not 
active in May and have not been detected on adult foxes.

Flea identification
As the process of mounting fleas on slides for species 
identification renders them unusable for molecular 
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work, a subsample of roughly 25% (230 fleas from nests 
and 21 fleas from dens) were identified as C. v. vaga-
bundus using morphological features as per Holland 
[24] and Lewis & Galloway [25]. All fleas collected from 
geese were morphologically identified to genus on gross 
inspection (n = 97), and one was mounted on a slide to 
verify that it was C. v. vagabundus. Given that there is no 
DNA sequence data available for this flea species in Gen-
Bank, DNA sequences were determined for part of the 
nuclear 28S ribosomal RNA (rRNA) gene and the mito-
chondrial cytochrome c oxidase subunit 2 gene (cox2) 
for 2–3 representative specimens from dens and nests. 
Genomic DNA was extracted from the complete body 
of individual fleas using the DNeasy Blood & Tissue Kit 
(Qiagen, Hilden, Germany). PCRs were conducted using 
25 µl reaction mixtures containing 10× Taq buffer with 
KCL (Fermentas, Vilnius, Lithuania), 25 mM  MgCl2, 0.5 
µl of dNTPs (Invitrogen, Carlsbad, USA), 0.25 µl of each 
primer, 0.1 µl of Taq DNA Polymerase (Fermentas) and 2 
µl of genomic DNA. The primers used to amplify ~445-
bp fragment of the 28S rRNA gene were 28S-1 (5ʹ-ATA 
CGC CTT CGG CTT ATG CG-3ʹ) and 28S-2 (5ʹ-AAT 
AAG ACG CCC CGG GAT TG-3ʹ) [26], while the prim-
ers used to amplify ~615-bp fragment of the cox2 gene 
were COII-2a (5ʹ-ATA GAK CWT CYC CHT TAA TAG 
AAC A-3ʹ) and COII-9b (5’-GTA CTT GCT TTC AGT 
CAT CTW ATG-3ʹ) [27]. PCRs were conducted using 
the following conditions: 96  °C for 5 min followed by 
30 cycles of 94  °C for 30 s, 55  °C for 30 s, 72  °C for 30 
s, and a final extension step at 72  °C for 5 min. Ampli-
cons were purified [28] and subjected to automated DNA 

sequencing. The DNA sequences of representative sam-
ples for each gene have been deposited in the GenBank 
database under the accession numbers MT470834 and 
MT471346.

DNA extraction and PCR for Bartonella
DNA was extracted from pooled fleas corresponding 
to individual nests, dens, and geese and from fox blood 
clots using the DNeasy Blood & Tissue Kit from Qiagen 
(Table 1). Conventional (450–720 bp) as well as real-time 
qPCR (95–125 bp) targeting the 16S-23S rRNA inter-
genic transcribed spacer (ITS) region of Bartonella spp. 
was performed as previously described [6, 29]. For con-
ventional PCR, screening of the Bartonella ITS region 
was performed using oligonucleotides 325s (5’-CTT 
CAG ATG ATG ATC CCA AGC CTT CTG GCG-3’) and 
1100as (5ʹ-GAA CCG ACG ACC CCC TGC TTG CAA 
AGC A-3ʹ) as forward and reverse primers, respectively. 
Amplification was performed in a 25-µl final volume 
reaction containing 12.5 µl of Tak-Ex® Premix (Thermo 
Fisher Scientific, Waltham, USA), 0.25 µl of 30 µM of 
each forward and reverse primer (IDT® DNA Technol-
ogy, Coralville, USA), 8 µl of molecular grade water, and 
5 µl of DNA from each sample tested. PCR negative con-
trols were prepared using 5 µl of DNA from blood of a 
healthy dog. Positive controls were prepared using 5 µl 
of genomic DNA from B. henselae SA2 (stock 0.001 pg/ 
µl). Conventional PCR was performed under the follow-
ing conditions: 95  °C for 2 min followed by 55 cycles of 
94 °C for 15 s, 66 °C for 15 s, 72 °C for 18 s, and a final 
extension step at 72 °C for 1 min. Products were analyzed 

Fig. 1 Photographs of eggs in an uninfested nest (a) and blood-covered eggs in a flea infested nest (b) in the Karrak Lake goose colony (Photos 
taken by Kayla Buhler in June 2019)
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by 2% agarose gel electrophoresis and then sequenced to 
establish species strain identification.

For real-time qPCR, oligonucleotides 325s (5’- CTT 
CAG ATG ATG ATC CCA AGC CTT CTG GCG-3’) and 
543as (5’-AAT TGG TGG GCC TGG GAG GAC TTG-
3’) were used as forward and reverse primers and oligo-
nucleotide BsppITS438probe (5’-FAM-GGT TTT CCG 
GTT TAT CCC GGA GGG C-BHQ1-3’) as Taqman 
probe. Amplification was performed in a 25-µl final vol-
ume reaction containing 12.5 µl of SsoAdvanced™ Uni-
versal Probes Supermix (Bio-Rad, Hercules, USA), 0.2 µl 
of 100 µM of each primer and probe (IDT® DNA Tech-
nology), 7.5 µl of molecular-grade water, and 5 µl of DNA 
from each sample tested. PCR negative controls were 
prepared using 5 µl of DNA from blood of a healthy dog. 
Positive controls were prepared by using 5 µl of DNA 
from a serial dilution (using dog blood DNA) of B. hense-
lae genomic DNA equivalent to 0.1, 0.01 and 0.001 pg/ µl. 
Quantitative PCR was performed in CFX96® (Bio-Rad) 
under the following conditions: 95 °C for 3 min, followed 
by 45 cycles of 94  °C for 10 s, 68  °C for 10 s, 72  °C for 
10 s, and a final extension step at 72 °C for 30 s. Positive 
amplification was assessed by analysis of detectable fluo-
rescence vs cycle values and positive products were sent 
for sequencing to establish species strain identification.

Results
There were no significant morphological differences 
between fleas collected from nests, dens, and geese. 
Amplicons of the expected size were obtained for all flea 
and blood samples subjected to PCR, whereas no prod-
ucts were obtained for the negative control samples. 
DNA sequences of part (436 bp) of the 28S rRNA gene 
were obtained for three flea specimens originating from 
dens and nests. There was no intraspecific variation in 
DNA sequence. These sequences were also 100% identi-
cal to the 28S sequences of C. petrochelidoni (GenBank: 
EU336152) and C. gallinae (GenBank: EU336148). The 
cox2 sequences (615 bp) obtained for two specimens of C. 

v. vagabundus (one from a den and one from a nest) were 
identical but differed at 18–41 bp (similarity of 94–97%) 
from the cox2 sequences of C. hirundinis, C. gallinae, C. 
petrochelidoni and C. rusticus (GenBank: KM8900834, 
KM8900832, AF424006 and KM8900836, respectively).

DNA from Bartonella spp. was amplified in 43% of 
pooled flea samples collected from individual nests 
(n = 16/37; 95% CI: 29–59%) and 40% of pooled flea sam-
ples from individual den sites (n = 2/5; 95% CI: 12–77%). 
Following sequencing, all Bartonella ITS amplicons from 
fleas collected in 2014 were identified as B. henselae 
(Table 2). Alignment analysis indicated that positive flea 
samples had 100% homology to B. henselae strain SA2 
(GenBank: AF369529).

DNA extracted from fleas collected from harvested 
geese (9 Ross’s geese and 11 lesser snow geese) and blood 
clots from foxes failed to amplify on conventional PCR 
using primers targeting the entire ITS region. A qPCR 
targeting 150–220 bp of the ITS region amplified Bar-
tonella spp. DNA in 5% of fox samples (n = 3/57; 95% 
CI: 2–14%) and 30% of pooled flea samples from geese 
(n = 6/20; 95% CI: 15–52%). This includes fleas from two 
Ross’s geese (n = 2/9; 95% CI: 6–55%) and four lesser 
snow geese (n = 4/11; 95% CI: 15–65%). Quantification 
cycle (Cq) values were in the range of 34.66–38.51. ITS 
amplicons from fleas were identified as B. vinsonii berk-
hoffii, exhibiting 100% homology to genotype II or IV. 
Unfortunately, the small size of the amplicon available 
for sequencing was not enough to differentiate among 
the two genotypes (DQ059763 and DQ059765). Simi-
larly, blood samples from three foxes were positive for 
Bartonella via qPCR. The two positive samples collected 
in 2014 and 2016 were 98.8% homologous with the same 
Bartonella species detected in fleas (B. vinsonii berkhoffii 
DQ059763 and DQ059765). Meanwhile, a third fox blood 
sample from 2018 was positive, with 97.5% homology to 
B. rochalimae (GenBank: KU292577).

Discussion
This study verifies that Bartonella spp. circulate in the 
remote terrestrial ecosystem at Karrak Lake and sug-
gests that nest fleas may serve as a potential vector for 
transmission between birds and mammals. As with pre-
vious studies, fleas collected from nests and geese were 
identified as C. v. vagabundus [16, 30]. Fleas collected 
from fox dens were also identified as C. v. vagabundus. 
Though all fleas were not individually identified in this 
study, the morphology, host, location, prior documenta-
tion at Karrak Lake, and relative scarcity of ectoparasites 
in the Arctic suggests that all specimens were most likely 
C. v. vagabundus. cox2 sequences for two fleas (one from 
a den and one from a nest) were identical, indicating that 
fleas may transfer from geese or nests to foxes during 

Table 1 Total number of fleas collected and pooled for PCR 
analysis

a 20 of the 102 geese had fleas

Abbreviation: na, no fleas collected

Sample No. of 
sites/
hosts

No. of fleas 
collected

No. of fleas 
analyzed 
(PCR)

No. of 
pooled 
samples

No. of 
fleas per 
pool

Nests 37 827 175 37 1–5

Dens 5 86 26 5 1–10

Geese 102 97 96 20a 1–5

Foxes 57 0 na na na
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foraging efforts [15]. Ceratophyllus spp. have sporadically 
been reported on domestic dogs [31, 32], but this is the 
first report of a Ceratophyllus species in the dens of arctic 
foxes.

Fleas were found on geese that were shot on the south-
ern border of the colony during arrival in spring, sug-
gesting that this host-parasite relationship facilitates the 
transport and transmission of nest fleas and associated 
pathogens through Arctic terrestrial ecosystems. The 
known range for C. v. vagabundus is limited to the Arc-
tic, and fleas found on geese may have originated from 
southern parts of Nunavut [24]. Over the last few dec-
ades, there has been a contemporaneous exponential 
growth in continental population size of both snow and 
Ross’s geese that nest at Karrak Lake [19]. This surge in 
abundance of migrating geese affects nest density in the 
colony, which may increase transmission of nest para-
sites between geese by decreasing distance between hosts 
[16]. These characteristics highlight the role of migratory 
geese in the dissemination of flea-borne pathogens dur-
ing migration and nesting.

Fleas collected from dens and goose nests during the 
study contained B. henselae DNA, which suggests that 
previous reports by Mascarelli et  al. [13] of B. hense-
lae in arctic foxes from Karrak Lake may have resulted 
from a transient infestation with nest fleas or exposure 
to flea feces during nest predation (Fig. 2). However, it is 
important to note that detection of Bartonella DNA in 
fleas does not provide definitive proof of vector compe-
tence, as arthropods may have ingested blood meals from 
infected hosts. Thus, directionality of transmission could 
not be determined (fleas and/or flea dirt may infect foxes, 
foxes may infect fleas, or both). Subsequent studies are 
needed to address this question. For example, blood-meal 
composition and the presence or absence of Bartonella 
DNA in flea feces on the surface of eggs would provide 
vital information about feeding habits and the potential 
for transmission during predation.

DNA of B. vinsonii berkhoffii was detected in fleas from 
30% of infested geese. This species of Bartonella has been 
implicated in cases of clinical bartonellosis in dogs and 
evidence of infection has been found in a range of wild 
canids [33, 34]. Cq values were high (ranging from 34.66 

to 38.51), indicating that the concentration of bacterial 
DNA was relatively low and that bacteremic blood may 
have been ingested long before fleas were collected. Prev-
alence of Bartonella spp. in fleas from nests and geese 
(43% for B. henselae and 30% for B. vinsonii berkhoffii) 
was high in relation to foxes (4% for B. vinsonii berk-
hoffii and 2% for B. rochalimae in the present study; 11% 
for B. henselae in Mascarelli et  al. [13]), suggesting that 
fleas are likely to (i) be a competent vector or (ii) have 
frequent access to blood meals from a competent host. 
Experimental studies to document vector competence 
are required to distinguish between these two possibili-
ties. Future work could determine whether DNA of Bar-
tonella spp. is present in the blood and spleens of geese 
at Karrak Lake, as they provide the majority of the blood 
meals for the fleas.

The overall prevalence of Bartonella spp. DNA in arctic 
foxes was 5%, with all foxes exhibiting low levels of bacte-
remia (Cq values from 36.88 to 38.28). This suggests that 
the animals could have been sampled at a later stage of 
infection, consistent with exposure during the prior sum-
mer when vectors were active. Sequence analyses sug-
gested that two species of Bartonella are present in this 
population: B. vinsonii berkhoffii (in two foxes) and B. 
rochalimae (in a single fox). These results, along with the 
study by Mascarelli et al. [13], verify that the same species 
of Bartonella are present in foxes and nest fleas (B. hense-
lae and B. vinsonii berkhoffii) and supports the hypoth-
esized mechanism of transmission between foxes and 
fleas during predation. The prevalence of Bartonella spp. 
in foxes suggests that they are unlikely to be maintenance 
hosts and that nest fleas may acquire blood meals from a 
more competent host species. However, it is important to 
note that adult foxes in this study were sampled in May 
before temperatures increased and that the prevalence in 
foxes may differ during months with peak insect activity. 
The detection of B. rochalimae in foxes may suggest that 
Arctic rodents and their associated fleas also play a role 
in the transmission of Bartonella above the treeline, as B. 
rochalimae DNA has been documented in rodents and 
gray foxes (Fig. 2) [35, 36]. Fleas have not been detected 
on adult arctic foxes during the month of May, and fur-
ther studies could determine ectoparasite abundance and 

Table 2 Overall prevalence of Bartonella in fleas and foxes from Karrak Lake, Nunavut

Sample Bartonella DNA detected Prevalence (%) 95% CI (%) % Homology (GenBank ID)

Fleas from nests B. henselae SA2 43 29–59 100 (AF369529)

Fleas from dens B. henselae SA2 40 12–77 100 (AF369529)

Fleas from geese B. vinsonii berkhoffii 30 15–52 100 (DQ059763, DQ059765)

Arctic fox blood B. vinsonii berkhoffii 4 0–12 98.8 (DQ059763, DQ059765)

Arctic fox blood B. rochalimae 2 0–9 97.5 (KU292577)
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prevalence of Bartonella spp. in juvenile foxes captured 
during the summer months when birds are nesting, and 
insects are active.

Fleas that exhibit generalist tendencies may harbour 
multiple species of Bartonella, and the detection of B. 
henselae and B. vinsonii berkhoffii in nest fleas suggests 
that co-infections may be possible [37]. Based on previ-
ous publications, coinfections may limit the detection 
of different species of Bartonella [6]. For example, when 
B. henselae is present in equal numbers to B. vinsonii, 
only B. henselae will be amplified to quantities that can 
be sequenced. Therefore, both species of Bartonella may 
have been present in 2014 and 2018. However, the con-
centration of B. henselae in 2014 may have masked the 
presence of B. vinsonii. Alternatively, this observation 
could result from variation in blood meals from infected 
hosts between years.

Manifestations of disease following Bartonella spp. 
infection in arctic foxes, and wildlife in general, are 
poorly understood. Infections with B. henselae, B. vin-
sonii berkhoffii and B. rochalimae in domestic canids 
can range from subclinical bacteremia to severe illness, 
including lymphadenomegaly and endocarditis [35, 38]. 
These pathogens can result in the development of vaso-
proliferative lesions in dogs [39], and foxes may present 

with similar clinical symptoms and pathogenesis. Spe-
cies of Bartonella that were identified during this study 
have zoonotic potential and may be transmitted to peo-
ple that are in close contact with fleas and foxes, such 
as hunters, trappers, and biologists [40, 41]. Bartonella 
spp. and other zoonoses may be especially relevant in 
the Arctic where hunting and trapping are integral to 
both the culture and economy [42, 43].

Conclusions
This study demonstrates that B. henselae, B. vinsonii 
berkhoffii and B. rochalimae are present in the Karrak 
Lake ecosystem. Our study suggests that migratory 
geese may play a role in the dissemination of flea-borne 
pathogens and that contact between foxes and nest-
ing geese is likely to be involved in the transmission 
dynamics of Bartonella spp. in the Arctic. However, 
other sources of infection and the competence of C. v. 
vagabundus are unknown. Future studies may inves-
tigate flea blood-meal composition and the presence 
of Bartonella DNA in geese, flea feces on the surface 
of eggs, juvenile arctic foxes, and rodents. Addressing 
these questions will increase our understanding of the 
epidemiology of Bartonella spp. above the tree line, the 
role of migratory wildlife in the movement of patho-
gens, and the vulnerability of northern and remote 
regions to the emergence of vector-borne pathogens.
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