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Abstract
Bumble bees (Bombus Latrielle: Apidae) are important pollinators; however, declines of several species have been docu­
mented worldwide. Although pathogens have been linked to some declines, the biology, distribution, and impacts of most 
pathogens are poorly understood. Here, we report the first record of a recently characterized protozoan pathogen, Crithidia 
expoeki Schmid-Hempel & Tognazzo (Trypanosomatida: Trypanosomatidae), from bumble bees in Canada. This provides 
further insight on its global distribution and importance as a threat to bumble bees in Canada.
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Introduction
Bumble bees (Bombus Latrielle: Apidae) are im­

portant pollinators in both agricultural and natu­
ral landscapes (Batra 1995; Frier et al. 2016; Gibbs 
et al. 2016), but, unfortunately, some native spe­
cies are experiencing dramatic declines in popula­
tion size, range, or both. In Canada, six bumble bee 
species have been assessed as species at risk by the 
Committee on the Status of Endangered Wildlife in 
Canada (COSEWIC). Three of these belong to the sub­
genus Bombus Latrielle sensu stricto: Rusty-patched 
Bumble Bee (Bombus affinis Cresson; Endangered; 
COSEWIC 2010), Western Bumble Bee (Bombus oc­
cidentalis Greene; Threatened; COSEWIC 2014a), 
and Yellow-banded Bumble Bee (Bombus terri­
cola Kirby; Special Concern; COSEWIC 2015). 
Two belong to the subgenus Psithyrus Lepeletier: 
Gypsy Cuckoo Bumble Bee (Bombus bohemi­
cus (Seidl); Endangered; COSEWIC 2014b) and 
Suckley’s Cuckoo Bumble Bee (Bombus suckleyi  

Greene; Threatened; COSEWIC 2019 in press). 
Both Psithyrus species that have been assessed by 
COSEWIC are nest parasites or cuckoos of the three 
members of the subgenus Bombus indicated above. 
The sixth species, American Bumble Bee (Bombus 
pensylvanicus (De Geer)), is not closely related to any 
of the others, but was also recently assessed (Special 
Concern; COSEWIC 2018). All these species have 
been assessed based on declines in population abun­
dance, decreases of their former ranges, or both.

Previously, declines in bumble bee populations 
have been linked to pathogens and parasites (Colla 
and Packer 2008; Cameron et al. 2011; Graystock et 
al. 2013; Tripodi and Strange 2018), but our knowl­
edge is still incomplete with respect to all of the or­
ganisms involved and their relative importance. This 
lack of detailed knowledge of presumed threats has 
important implications for conservation assessments, 
such as those of COSEWIC, especially when the 
causes of declines are not specifically known. Thus, 
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knowing the specific pathogens involved helps to de­
termine the conservation status.

The Trypanosomatidae (Trypanosomatida) are a  
diverse group of flagellated protozoan parasites, and 
many species are of medical and agricultural import­
ance (Dedet and Pratlong 2000; Podlipaev et al. 2004). 
For example, Crithidia bombi Lippa & Triggiani is 
a common, widespread parasite of bumble bees and 
was the first flagellated protozoan identified from 
their guts (Gorbunov 1987). Recently, molecular data 
helped differentiate a second species of Crithidia, 
Crithidia expoeki Schmid-Hempel & Tognazzo, from 
the closely related Crithidia bombi (Schmid-Hempel 
and Tognazzo 2010). Initially, Schmid-Hempel and 
Tognazzo (2010) found both species of Crithidia in 
Alaska (USA) and Switzerland, and subsequent sur­
veillance has detected C. expoeki in the contiguous 
United States and Mexico (Gallot-Lavallée et al. 
2016; Tripodi et al. 2018). Crithidia expoeki is ex­
pected to be as widespread as C. bombi (Tripodi et al. 
2018), although additional data are needed to confirm 
the presence of this recently described pathogen and 
determine its distribution and host(s).

Crithidia infections in bumble bees have been 
reported at individual, colony, and population lev­
els. Crithidia infections are typically chronic and 
rarely lead to mortality except under conditions of 
nutritional limitation (Brown et al. 2000; Conroy 
et al. 2016). Workers infected with Crithidia ex­
hibit reduced foraging efficiency because of an im­
paired ability to learn the colour of rewarding flowers 
(Gegear et al. 2006), ultimately resulting in nega­
tive impacts on colony (Otterstatter et al. 2005) and 
plant reproductive success (Waser 1983). In spring, 
bumble bee queens infected with Crithidia are less 
fit than their uninfected counterparts, making them 
less able to establish colonies successfully; colo­
nies started by infected queens yield fewer workers 
and reproducing individuals, which lowers the over­
all genetic variability of populations (Brown et al. 
2003). When genetic variation within bumble bee 
populations decreases, it reduces the ability of colo­
nies to overcome the pressures of parasitism (Liersch 
and Schmid-Hempel 1998) and likely other stressors 
(Zayed 2009).

Crithidia bombi and C. expoeki outbreaks can 
spread rapidly because these monoxenous (i.e., re­
quiring one host) parasites do not require a vector for 
transmission between hosts (Maslov et al. 2013), un­
like the many heteroxenous trypanosomatids that re­
quire two hosts and depend on an insect vector for 
transmission between them. Crithidia are transmitted 
horizontally within colonies via contaminated sur­
faces and food, whereas transmission between colo­
nies occurs via flower sharing (Durrer and Schmid-

Hempel 1994), although the pathogen can only sur­
vive outside a living host for short periods (Imhoof 
and Schmid-Hempel 1999).

Crithidia bombi and C. expoeki are microscopic 
and their appearance varies throughout their life cy­
cles, making it difficult to distinguish between spe­
cies morphologically. Historically, polymerase chain 
reaction (PCR) for detecting Crithidia in bumble bees 
did not distinguish below the genus level; thus, all 
positive results were assumed to be C. bombi, as no 
other taxa were recognized (Tripodi et al. 2018). The 
two species of Crithidia were distinguished by DNA 
sequencing (Schmid-Hempel and Tognazzo 2010). 
More recently, Tripodi et al. (2018) developed a two-
step multiplex PCR protocol using species-specific 
primers that can distinguish C. bombi and C. expoeki 
in samples. This multiplex assay can also detect unex­
pected trypanosomatid relatives that can be identified 
through subsequent DNA sequencing.

Although Crithidia is distributed globally (Durrer 
and Schmid-Hempel 1995), it is unclear whether in­
dividual species follow specific geographic patterns. 
In the United States, C. bombi is more common than 
C. expoeki, but co-infections by both are more com­
mon than single C. expoeki infections (Tripodi et al. 
2018). In southern Mexico, bumble bees were more 
commonly infected by an undescribed Crithidia spe­
cies “Crithidia mexicana”, followed by C. expoeki, 
with only rare cases of C. bombi (Gallot-Lavallée et 
al. 2016). Currently, “C. mexicana” has not been de­
tected in North America north of Mexico (Tripodi et 
al. 2018), suggesting that trypanosomatid parasites 
of bumble bees may follow geographic patterns, al­
though more species-specific studies are needed to in­
terpret distribution patterns. Here, we present the first 
report of C. expoeki in Canada.

Methods
In July 2016, bumble bees were collected through­

out Saskatchewan for a preliminary study to assess 
their pathogens. Bees were captured using aerial nets 
and stored individually in 1.5-mL Eppendorf tubes 
filled with 100% ethanol. The individual bees were 
frozen until they were ready to be processed. Each 
bee gut was dissected and screened for additional 
parasites or abnormalities in the haemocoel, be­
fore midgut, fat bodies, Malpighian tubes, and hind 
gut were removed; voucher specimens used in this 
study were placed in the invertebrate zoology col­
lection at the Royal Saskatchewan Museum. Sterile 
techniques were used to prevent cross-contamination 
among the samples. DNA was extracted from the gut 
and fat body tissue using a modified protocol 6 from 
Sambrook and Russel (2001). Trypanosomatids were 
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screened using the two-step multiplex PCR devel­
oped by Tripodi et al. (2018), which detects and dif­
ferentiates between Crithidia species.

Results
In a subsample of 30 bumble bees, collected from 

two sites in Saskatchewan (53.2517°N, 104.4757°W; 
52.4952°N, 103.5213°W), 44% tested positive for 
Crithidia spp. Of those Crithidia-positive individu­
als, 58% tested positive for C. bombi, 25% for C. ex­
poeki, and 8% for an uncharacterized typanosomatid 
(Table 1).The positive-testing individuals occurred in 
three bumble bee species: Tri-coloured Bumble Bee 
(Bombus ternarius Say), Yellow-banded Bumble Bee, 
and Half-black Bumble Bee (Bombus vagans Smith). 
One B. vagans tested positive for both Crithidia spe­
cies; for three samples, we were unable to diagnose 
because of failed reactions (Table 1).

Discussion
Historically, C. bombi and C. expoeki were consid­

ered the same species; therefore, little is known about 
the more recently defined latter species, including its 
geographic distribution, host specificity, and the spe­
cific or differing effects it has on its hosts. Although 
these effects and host specificity are not considered 
here, our study does present the first confirmed de­
tection of C. expoeki in Canada, which offers some 
new insight on its distribution. Recommendations for 
future studies screening for Crithidia should distin­
guish between species and screen for any possibly un­
characterized trypanosomatids. As several species of 
bumble bee are considered at risk in Canada, includ­
ing the six assessed by COSEWIC, future screening 
for C. expoeki from recent (and historical) collections 
would provide valuable information about the impor­
tance of trypanosomatids in these declines.

The causes of declines in Canadian bumble bees 
are poorly understood, but likely include pesticides, 
competition with introduced/managed species, reduc­
tions in flowering plants and other land use practices, 
climate change, and pathogens (Cameron et al. 2011). 
There is still much to learn about the specific path-

ogens involved in addition to their mode of transfer 
and infection, cumulative effect when combined with 
other threats, and geographic distribution.
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