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Bartonella and Y. pestis screening in Ctenophyllus armatus
terribilis for conservation application for the America Pika
(Ochotona princeps) in the Rocky Mountain Front Range

As temperatures continue to disproportionally increase in alpine regions due to
climate change, parasite spillover from increased pika-rodent contact could bring
new diseases to a susceptible alpine specialist, the American pika (Ochotona
princeps). Fleas collected from pika at four alpine and subalpine study sites in
Boulder County, Colorado from 2011-2017 were screened for Y. pestis and Bartonella
using conventional PCR methods. This is the first study to detect Bartonella in the
American Pika flea Ctenophyllus armatus terribilis and to propose the presence of B.
grahmii in the alpine region of the Rocky Mountains.

Introduction:
The effects of anthropogenic changes on the environment are immense and
complicated. Fossil fuel emissions by human processes are changing the atmospheric
composition of the planet, including a significant increase in atmospheric carbon dioxide
and methane concentration (Caldiera and Wickett, 2003; Walther et al., 2002; IPCC, 2014).
This intensification of greenhouse gas is forecasted to continue the alteration of many of
the planet’s physical, chemical and biological properties, including a marked increase in

surface temperature. Over the next century, a 2-5 degrees Celsius increase in global
temperatures is predicted ( IPCC, 2014). This increase is predicted to be disproportionately
larger in the higher latitudes and elevations throughout the globe, including alpine regions
of the world generally and more specifically the Rocky Mountains in the United States
(Beever et al., 2010; Moritz et al., 2008; ). In response to this warming, species distribution
and upward range shift is predicted (Battisti et al., 2006, Walther et al., 2002). Lower
elevation species have already been observed to have increase in range, as higher, cooler
environments become habitable, while higher elevation, cold-adapted species are
undergoing a habitat contraction, due to range shift constraints (Moritz et al., 2008; Beever
et al., 2010 , Beever et al., 2011).
The American pika (Ochotona princeps) is a diurnal, non- hibernating herbivorous
mammal that is found mainly in the alpine and subalpine regions of the Rocky Mountains,
Sierra Nevada and Cascade mountain ranges in North America (Figure 1). Known as the
“rock rabbit”, it is a member of the lagomorpha living on talus slopes. In appearance, pika
have round ears with a cropped tail and can vary in color from tan to brown to grey,
making it well-camouflaged in their rocky environment (Figure 2). These small animals are
able to survive in these higher elevations throughout all seasons due their high metabolic
rate. Though these traits give the pika an advantage in the harsh conditions of colder
climates, it can be precarious in higher temperatures; so much so that the temperature at
which pika can overheat and die 2–3°C higher than their resting body temperature (MacArthur
& Wayne, 1973). This is especially significant in the context of projected warming in pika
habitat, as there are many potential negative effects (Figure 3). Pika are poor dispersers,
and with expected reduced suitable habitat in the front range of the Rocky Mountains, their

population is predicted be severely depleted or extinct by the end of the century (Beever et
al., 2010). This study focuses on locating diseases that could potentially exacerbate these
predictions due to the likelihood of lower elevation rodent expansion ( Foley et al 2017;
Moritz et al., 2008) As elevation thresholds shift, parasite spillover from increased pikarodent contact could bring new diseases to the susceptible pika, as seen in Hawaii with the
Honeycreeper and the subsequent epidemic of Avian malaria resulting from an climatemediated advancement the mosquito elevation habitat threshold (Foley et al., 2017; Freed
et al., 2005 ).
The purpose of this study was to identify and screen for possible pathogens that
could contribute the local extinction of pika populations in the alpine and subalpine regions
of Boulder County, CO for the future application of conservation. While many studies
reference disease as an impending threat to the American pika, very little research has
been focused on disease screening (Foley et al., 2017; Beever et al., 2010). To determine
which pathogens to screen for, we considered the regional ecosystem of Boulder County,
CO generally and the pika species in particular. The dry intermountain areas of the front
range of the Rockies are superficially similar to the central Asian ecosystems from where
pika originally distributed (Biggins & Kosoy 2001 ). In these ecosystems, several species of
pika, marmots and rodents can be found, much like our study sites in Colorado (Galdan et
al., 2010; Shchekunova et al., 1964).
Like the pika, Yersinia pestis, the bubonic plague-causing bacteria, is believed to
have originated in Asia some 22,000 years ago and is still prevalent in the central Asian
ecosystems (Galbreth & Hoeberg, 2012; Biggins & Kosoy, 2001). It is a gram-negative
bacterium that exists in a flea-rodent-flea life cycle and produces the extremely fatal and

fast acting zoonotic disease that is implicated in at least three pandemics (Perry 2003). It is
enzootic in many rodent species in the steppes of western Mongolia and is currently
pathogenic in Pallas’ Pika (O. pallasi), Mongolian Pika (O. mongolica), and the daurian pika
(O. daurica) (Galdan et al., 2010; Shchekunova et al., 1964). Y. pestis has also been
suggested as a forcer of the steep decline and near extinction of the Ili pika of Xingiang
China (Li and Smith 2005). The mortality rate in Y.pestis infected pika has been reported to
be over 90% and after infection, most pika die within 2 days (Shchekunova et al., 1964).
This experimental data contradicts the possibility for American pika to be a reservoir
species for plague and instead implies that they would be susceptible to population
reduction by the pathogen Y. pestis, if introduced to it.
In North America, plague has gained a foothold in the past 100 years (Biggins &
Kosoy, 2001). Y. pestis has caused many well- documented die-offs of Black-tailed Prairie
dog (Cynomys ludovicianus) colonies in the lower elevation regions of Boulder County
(Salked et al., 2016 ). However, the reservoir species and movement of the Boulder County
plague is not well understood. There is some evidence that the bacteria may live externally
in the soil of the plains of Colorado or could be dispersed through the wide ranging
activities of carnivores or Y. pestis resistant rodents ( Salkeld et al., 2016; Gage et al., 1994 ).
Another hypothesis is that the reservoir species of the plague could be further west,
occupying the mid-elevation areas of the front range, and parasite spillover mobilizes Y.
pestis down to the susceptible prairie dog population intermittently. Studies in Mongolia
showed that rodents sharing territory with pika were much more resilient when
introduced to Y pestis infection. Pika died from merely 50 microbes, while rodents trapped
from the Mongolian Steppe were able to survive an inoculation of over 500 million

microbes (Shchekunova et al., 1964). We hypothesize that in the future, in Boulder County,
a mid-elevation Y. pestis-resistant rodent could potentially move plague up the front range,
with infected parasites, into the vulnerable pika’s territory due to increasing temperatures
and subsequent range shifts.
Y. pestis transmission is well studied. It is a vector born disease that is typically
transferred from fleas to susceptible mammalian host and at least 28 flea species occurring
in North America have been experimentally confirmed as vectors of Y. pestis, with many
more possible (Eisen et al., 2009). Because of the rapid mortality rate in mammals
(specifically shown in pika), the possibility of trapping a serum positive pika host is
unlikely. Like prairie dogs, we assume that most fatalities would occur under the talus and
few carcasses would be seen above ground and would also not expect to see a plague
positive pika going after food in a trap. However, the time it takes for the Y. pestis bacteria
to replicate, accumulate and kill a flea by blocking its proventriciulus, on the average takes
much longer. There, it would be more likely to find the plague bacteria than in trapped pika
(Zhang et al., 2015; Eisen et al., 2009; Hinnebusch and Schwan 1993). So, we decided to
screen the fleas extracted from trapped pika in the four alpine and subalpine sites in
Boulder County to test for Y. pestis.
This technique also seemed prudent for testing for another disease in which
transmission is mediated by flea bites and is present in Mongolian pika (Roa et. al 2015).
Bartonella is a gram-negative bacteria that infect red blood cells, endothelial cells, CD34+
progenitor cells and dendritic cells of its hosts (Dehio, 2004; Biller et al., 2008). Because of
the bacteria’s capability to reside within erythrocytes of a diverse number of mammalian
hosts, it is possible for a variety of arthropod vectors, including fleas, to uptake and

transmit Bartonella (Biller et al., 2008). Bartonella has been found in prairie dogs and
prairie dog flea populations in the grasslands of Boulder County (Bai et al., 2008a; Bai et al.,
2008b (2)) The genus Bartonella now consists of 20 species and three subspecies (Inoue et.
al 2009). Bartonella species are also often host and geographically specific (Frank and
Hadley 2018). This would allow for tracing the Bartonella and for determination, if found,
whether it is specific to O. principes, or if it was a spillover from a rodent host in the region.
The pathological significance of Bartonella in pika is not known, but some species are
zoonotic and cause pathologies , like Cat Scratch Disease, in humans, especially when
immunocompromised (Kerkhoff et al., 1999; Oksi et al., 2013).
Methods and Materials:

Flea collection:
Our Rocky Mountain pika fleas were collected between 2011-2017 from alpine and
subalpine sites in Boulder County, Colorado (Figure 3; Table 1). Pikas were captured using
Tomahawk live traps (Hazelhurst, WI) baited with local vegetation and romaine lettuce and
camouflaged with rocks from the local environment. The attending veterinarian at
University of Colorado-Boulder with permission from the university’s Institutional Animal
Care and Use Committee oversaw all work with pikas. Scientific collecting permits were
also approved by the Department of Colorado Parks and Wildlife. Pikas were transferred
from traps into a clear plastic chamber and anesthetized with isoflurane. Once nonresponsive and recumbent, the pika was removed from chamber for handling procedures
including examination for and the removal of fleas (Foley et al., 2017). Remaining

anesthetized fleas were also collected from the chamber. Collected fleas were stored in
70% ethanol until identification and DNA extraction.

Visual flea identification:
Only the very recognizable pika specific flea, Ctenophyllus armatus terribilis , was identified
using the references and taxonomic keys of Hubbard, Stark, Lewis, and the Rothschild
catalogs of the British Museum Fleas( Hubbard 1947; Hopkins and Rothchild 1971).

DNA Extraction:
Fleas were allowed to air-dry and subsequent DNA extraction was performed according to
the tissue extraction protocol from the “Genomic DNA from Tissue” extraction kit
(Macherey-Nagel, Düren, Germany) after mechanical pulverization.

Conventional Polymerase Chain Reaction (PCR) and visualization for Bartonella:

DNA extracts obtained from fleas were screened for the presence of Bartonella species
using a conventional PCR assay targeting a transfer-mRNA gene (ssrA) of Bartonella
species was used as described by Diaz et al., 2012. The primer pair, ssrA-F and ssrA-R were
used to amplify 301 bp fragment of ssrA gene. The PCR reaction (25 μl) consisted of 10 μl
EconoTaq® Plus Green 2X Master Mix (Lucigen, Madison, WI), 1 μlof each primer, 3 μl
nuclease free water (NFW) and 5 μl of extracted DNA or 2 μl of DNA template with 3 μl
NFW or 5 μl NFW as the positive and negative controls, respectively. The PCR conditions
were performed as follows: Initial denaturation at 95°C for 2 min followed by 35 cycles of

95°C for 15 sec, 60°C for 60 sec and 72° C for 30 sec, and a final 72° C for 3 mins using the
Mastercycler ® Nexus (Eppendorf, Hamburg, Germany). The products were then loaded
into a .08% agarose gel with 2.5 mL ethidium bromide for electrophoresis in a sodium
boric acid buffer at 240 volts for 15 minutes and photographed under UV light for product
visualization.

Conventional PCR and visualization for Y. pestis:
Sequential screening was used to test for Y. pestis presence. Initially, the general 16S gene
was amplified using conventional PCR and the the primer pair, 16s604L and 16s387H . The
16s PCR reaction (25 μl) consisted of 12.5 μl EconoTaq® Plus Green 2X Master Mix
(Lucigen, Madison, WI), 5 μl of each primer, and 7.5 μl of extracted DNA or 7.5 μl NFW as
negative control. The PCR conditions for 16S gene amplification were performed as
follows: initial denaturation at 94°C for 5 min followed by 35 cycles of 94°C for 30 sec,
58°C for 30 sec and 72° C for 30 sec, and a final 72° C for 5 mins using the Mastercycler ®
Nexus (Eppendorf, Hamburg, Germany). Positive samples from 16S PCR amplifications
were then screened for the Y. pestis-specific: the 478-bp segment plasmid-encoded
plasminogen activator gene PlaB using the primer pair ypPla-R and ypPla-F. The PCR
reaction (25 μl) consisted of 12.5 μl EconoTaq® Plus Green 2X Master Mix (Lucigen,
Madison, WI), 5 μl of each primer, and 7.5 μl of extracted DNA or 7.5 μl NFW as negative
control. For PlaB gene amplification , the PCR conditions were: initial denaturation at 94°C
for 5 min followed by 35 cycles of 94°C for 30 sec, 53°C for 30 sec and 72° C for 30 sec, and
a final 72° C for 5 mins using the Mastercycler ® Nexus (Eppendorf, Hamburg,

Germany). Visualization of both 16s and PlaB PCR products was performed as described
above in the Bartonella methods.

PCR purification and DNA sequencing:
DNA samples that were found to be positive for bacteria via PCR were purified using “PCR
clean-up Gel Extraction” kit (Macherey-Nagel, Düren, Germany). Purified PCR products
were submitted to Eurofins Operon (Huntsville, AL) for Sanger Sequencing. Sequences
were generated from an ABI sequencing using Big Dye Chemistry. Sequences were
downloaded and processed through Sequencher 5.4.

Phylogenic Analysis
We used Molecular Evolutionary Genetics Analysis (MEGA) software for phylogenic
analysis. We used the maximum likelihood (ML), neighbor-joining (NJ) and minimumevolution (ME), method with to construct phylogenetic trees and obtained the same results.
Therefore, the ML method with bootstrapping calculations for 1000 repetitions was used
with Wolbachia pipientis as the outgroup and referencing sequences from GenBank.
Results:
Boulder County, CO alpine and subalpine fleas were not found to host Y. Pestis
Though there were 7 positives from the initial 16s PCR screening, none of the 259 pika
fleas were found to be positive when using the virulent gene PlaB PCR, which is specific to
Y. Pestis.

Boulder County, CO alpine and subalpine fleas were found most closely related to Bartonella
grahamii
In our study, a total of 259 pika fleas from Boulder County, CO were screened for
Bartonella using PCR amplification of the ssrA gene (Figure 4). Of these, 15 fleas were
found to be Bartonella positive (5.8%) . All Bartonella positive fleas were visually
identified as C. amaratus terribilis. Bartonella was significantly different among study sites
(1.18% of Niwot Ridge, 2.17% of Cable Gate, 13.24% of Long Lake and 6.67% of Mitchell
Lake) with χ2 = 11.85, p << 0.01. Bartonella detection also varied across high elevation and
low elevation sites (87% in high elevation), pika host sex (60% were female, 26.67% were
unknown and 13.33% were unknown) and pika host life stage (86.67% were adults and
13.33% were juveniles ), none of these variations were found to be significant (p>0.05).
(Figure 6). Of those 15 extracted Bartonella positive samples, 6 were good candidates for
sequencing and phylogenic analysis. Using the ML method, all of the samples were grouped
in the same clade as B. grahamii (Figure 5).
Discussion:
One genotype of Bartonella was identified in all four study sites: B. grahamii. As
stated before, Bartonella species are generally host specific, and phylogenic analysis of
Bartonella was hypothesized to allow for detection of rodent spillover in pika
ectoparasites. However, there was no significant correlation between elevation and
Bartonella presence. B. grahamii has been found to be a species that is specific to a
graphical region rather than to the host rodent genera (Inoue et al., 2008). Therefore, even
though Rocky Mountain flea Bartonella was the same species found in Qinghai Plateau pika

in China by Rao et al., we cannot say whether B. grahamii is endemic to Rocky Mountain
pika flea specifically or to the region generally. Though woodrats generally have a different
species of Bartonella, they have been found to host B. grahamii and could be another
source, as evidence of their habitation was found in all sites, excepting the highest elevation
site, Niwot Ridge (Morway et. al 2008). To clarify this, it would be necessary to examine
the genetic profile of Bartonella of other animals found in the study site.
Only one gene, ssrA, was used to determine the species type and the bootstrapping
method only built this phylogenic tree 23% of the time. Additional studies using other
related genes such as gltA, ribC and rpoB to further substantiate this determination is
required (Frank & Hadley, 2018). This is the first study to name Ctenophyllus armatus
terribilis as a carrier for Bartonella, but as species identification was only done visually,
further genetic verification is recommendation for fastidiousness. C. amaratus terribilis’
specific role in the transmission of Bartonella species have not been examined and bacteria
presence does not provide definitive proof of vector competence. It may simply represent
the intake of Bartonella-infected blood from a bacteraemic host and does not automatically
implicate infection of the pika on which the flea was found (Billeter et al 2008). We suggest
implementing the same protocol on blood samples collected from the pika during the
summers of 2011-2017 to determine whether pika were hosts for the same species of
Bartonella and if C. amaratus terribilis can transmit the bacteria.
This study found no evidence for the presence of Y. pestis in the collected fleas
collected from O. principes in Boulder County, CO. No positive control for the PlaB gene, so
there is uncertainty in the occurrence of DNA amplification. Therefore, the 7 positive

samples from the primary 16s amplification should be purified and sequenced in order to
ensure that Y.pestis did not go undetected. This will also give information on the C.
amaratus terribillis microbiome that may be transmitted to the host pika. An expansion of
pika blood sample screening to include the hantavirus would be prudent, as it is existent in
Boulder County in rodent reservoirs and may present a threat to pika as rodents, such as
mid-elevation woodrats, become more abundant in pika habitat (Kasoy et al 2017) . In the
steppes of Mongolia, Siberian marmots (Marmot siburica) are the main hosts of plague and
could potentially host Bartonella (Galdan et al., 2010). There is evidence of interactions
between pika and marmots in all study sites, excluding the lowest elevation site, Mitchell
Lake. Future trapping of marmots in these areas is recommended to determine whether
these pika neighbors are currently hosting any of the aforementioned pathogenic agents.
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