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What is the Vancouver Rat Project? 
 

Urban rats are the source of numerous 
zoonotic pathogens (harmful microbes that 
can be transmitted from animals to people) 
responsible for significant human illness in 
cities globally. Some of these microbes can 
also be transmitted among rats and from 
rats to people by fleas (e.g., the etiologic 
agent of the plague). Despite anecdotal 
evidence that rats are thriving in Canadian 
cities, there is little data in our country on 
rats, and their pathogens. Vancouver’s 
Downtown Eastside (DTES) is of particular 
concern because factors associated with 
poverty are known to promote rat 
infestations, rat-human contact, and disease 
transmission. The DTES is also bordered 
by Canada’s largest international shipping 
port, making it a potential site of entry for 
rats and their diseases from abroad.  
 

Who are the team members? 
 

The project is currently led by founder, Dr. 
Chelsea Himsworth, a veterinary 
pathologist, and includes two PhD students, 
Kaylee Byers (University of British 
Columbia) and Jamie Rothenburger 
(University of Guelph). 

How were rats trapped? 
 

Rats were trapped over the course of one 
year throughout the DTES and at one site 
at the adjacent shipping port. Rats were 
humanely trapped and handled in 
accordance with the University of British 
Columbia Animal Ethics Protocols.  

What do we know about rat populations 
in the DTES? 
 

Demographics: A total of 725 rats were 
captured – 685 (94.5%) were Norway rats 
and 40 (5.5%) were black rats. Of these, 
55% were male, 45% were female, and 
approximately 58% were sexually mature. 
 

Population density: Density varied over 
short distances, with some blocks having 
many rats and others with none. While 
population size was similar across seasons, 
population composition varied – with more 
young in some months than in others.1 

The goal of the VRP is to address this 
knowledge gap by studying: 

• urban rats and their fleas 
• the microbes they carry 
• their potential risks to human 

health  
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Distribution of rats captured in the DTES. Trap 
success measures the relative number of rats 
trapped/block. High success (red) = more rats.  
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Bite wounds: Approximately 25% of rats 
had bite wounds on their skin. Bite wounds 
were more common in male rats and in 
heavier/longer rats. 
 

Parasites: Most rats were infested with 
fleas, lice, and mites. While fleas were 
collected throughout the DTES, ear mites 
were only collected from rats at the port.2 
Worms were also 
found in their 
stomachs3 and 
livers.4 

 
Why is this 
information 
important? 
 

How rats move 
and interact with each other influences the 
spread of microbes. Our results suggest 
that:  
 

1) the risk of exposure to rats is site-
specific. This clustering may be due to 
resource availability and differences in the 
environmental features in each block. 
 

2) the amount of disease in the rat 
population may vary with season. Changes 
in age and mating-related behaviours can 
influence disease – two characteristics 
found to vary with season in our study.   
 

3) bite wounds may result from aggression 
in older/larger rats. This may influence 
disease spread among rats as many 
microbes are transmitted through biting.  
 

4) rats may carry microbes transmitted by 
ectoparasites. For example, several 
bacterial pathogens (e.g., Rickettsia spp. 
and Bartonella spp.) are transmitted by 
fleas. Thus, it is imperative that we also 
consider rat fleas in disease transmission.  
 

5) ear mites were likely introduced to 
Vancouver through international shipping  
(i.e., ‘stow away’ rats). Given that these 
mites were only on port 
rats, and that they are 
transferred via direct 
contact, there may be 
little mixing between 
port and city rat 
populations. 
 
Do rats in the DTES 
carry pathogens transmissible to people? 
 

Yes – rats in our study carried several 
pathogens transmissible to people: 
Bartonella spp.;5 Clostridium difficile;6 
Leptospira interrogans;7 and Methicillin-
resistant Staphylococus aureus (MRSA).8  
 
What is Bartonella spp. and what did we 
find? 
 

Bartonella spp. are bacteria which can 
cause severe illness in people (e.g., cat-
scratch fever). These bacteria are 
transmitted among animals and from 
animal to people by ectoparasites such as 
lice and fleas. Though rat populations will 
often harbor several strains of Bartonella, 
rats in our study had only a single strain. 
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Light microscope image of 
the mite Notoedres muris 

Microscopic image of worms 
(blue arrow) and eggs (red 
arrow) in a rat’s stomach  
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What is 
Clostridium 
difficile and what 
did we find?  
 

Clostridium 
difficile is a spore-
forming bacteria 
that can cause 
diarrhea and intestinal disease. Only C. 
difficile with toxin genes are harmful to 
people.  
 

We found C. difficile in 13% of rats, and 
the proportion of infected rats varied by 
block (0% - 46.7%). All of the C. difficile 
strains carried at least one toxin gene.  
 
What is Leptospira interrogans and what 
did we find? 
 

Leptospira interrogans is a bacterial 
pathogen carried in the rat kidney and shed 
in the urine. Exposure to rat urine can 
result in infection in people which 
manifests in non-specific symptoms (e.g., 
fever, renal failure, and pulmonary 
hemorrhage). These symptoms mean that 
infection with L. interrogans is often 
under- and mis-diagnosed. 
 

Prevalence of L. interrogans ranged from 
0% - 66.7% depending on the block. Rats 
that were heavier, fatter and those with skin 
bite wounds were more likely to be 
infected. Therefore, fatter and feistier rats 
may pose the biggest risk to human health.  
 
 

What is MRSA and what did we find? 
 

MRSA is an important “superbug” that 
causes multi-drug-resistant infections in 
people. It was identified in 3.5% of rats and 
varied by city block (0% - 17%). The 
majority of MRSA we identified was 
indistinguishable from MRSA found in 
people in the 
DTES. 
 
Were there any 
pathogens that 
we expected to 
find that were 
missing? 
 

Both Seoul hantavirus and Rickettsia typhi, 
zoonotic pathogens widely reported from 
rats in cities worldwide, were absent.5 
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Microscopic photo of MRSA 
(biosciencetechnology,com) 

Microscopic photo of C. 
difficile (microbeworld.org) 

Prevalence of L. interrogans among rats – red dots indicate 
infected rats, while green indicate rats tested for L. 
interrogans. 
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What is significant about these findings? 
 

Several pathogens carried by rats in the 
DTES can cause disease in people, but it is 
unclear as to whether some pathogens (e.g., 
C. difficile) can be effectively transmitted 
from rats to people. 
 

The uneven distribution of pathogens 
across the DTES suggests that the 
likelihood of contacting a rat and its 
pathogens is site-specific. This distribution 
is likely a result of rat behaviour and social 
structure, which is characterized by tight-
knit colonies and small home ranges with 
little interaction between neighbouring 
colonies. This suggests that disease 
transmission is highly influenced by colony 
structure and social interactions. It is 
therefore imperative that we understand 
how rat population structure is influenced 
by rodent control methods, as trapping and 
poisoning may destabilize family units 
causing rats to flee to surrounding colonies 
and potentially increasing disease spread. 
 

Finally, the absence of two widely 
documented pathogens in our rat 
populations may be a result of global 
population structure, whereby the 
pathogens present in a population are those 
that were introduced with the first rats to an 
area. An understanding of how pathogens 
are distributed in rat populations globally 
will allow us to make hypotheses about rat 
introductions and subsequent migration. 
 
 

What are the next steps for the VRP? 
 

Though our study has made several 
discoveries about rats and their pathogens, 
there remain numerous avenues for future 
study. First, we still don’t understand why 
some blocks have more rats than others. To 
address this, we are using rat genetics to 
determine how related rats are distributed 
across the DTES. This information will 
allow us to infer how rats move among 
blocks, and whether rats are drawn to 
certain environments. 
 

Second, approximately 
1/3 of rats had fleas, 
which can transmit 
both Bartonella and 
Rickettsia spp. We are in 
the process of identifying these fleas to 
species, and identifying the bacteria 
associated with them. By sequencing the 
genetic material of the bacteria we will 
determine whether fleas harbor known 
pathogens or those that are new to science.  
 

Rat health may also influence the ability of 
rats to carry pathogens (e.g., cardiovascular 
disease).9 We are performing an in-depth 
analysis of rat health to determine how rat 
health relates to pathogen carriage. 
 

Where can I find more information? 
Further information outlining research 
results and media coverage can be found on 
our website (vancouverratproject.com). 
Follow us on twitter (@VanRatProject) for 
project updates and findings. 

Drawing of a flea 

 
Rats and the City: Vancouver Rats Carry 

Pathogens Transmissible to People 



Project Summary and Results 

 5 

 

 
 
 
 

1. Himsworth et al. 2014. The characteristics of wild rat (Rattus spp.) populations from an inner-city 
neighborhood with a focus on factors critical to the understanding of rat-associated zoonoses. PLoS One 
9(3): e91654 

2. Anholt et al. 2014. Notoedres muris in black and Norway rats (Rattus rattus and Rattus norvegicus) from 
inner-city Vancouver, Canada. Journal of Wildlife Diseases 50(1): 104-108 

3. Rothenburger et al. 2014. Lesions associated with Eucoleus sp. in the non-glandular stomach of wild urban 
rats (Rattus norvegicus). International Journal for Parasitology: Parasites and Wildlife 3(2): 95-101 

4. Rothenburger et al. 2014. Capillaria hepatica in wild Norway rats (Rattus norvegicus) from Vancouver, 
Canada. Journal of Wildlife Diseases 50(3): 628-633 

5. Himsworth et al. An investigation of Bartonella spp., Rickettsia typhi, and Seoul hantavirus in rats (Rattus 
spp.) from an inner-city neighborhood of Vancouver, Canada: is pathogen presence a reflection of global 
and local rat population structure? Vector Borne and Zoonotic Diseases, Accepted August 31, 2014 

6. Himsworth et al. 2013. Carriage of Clostridium difficile by wild urban Norway and black rats (Rattus 
norvegicus and Rattus rattus). Applied and Environmental Microbiology 80(4): 1299-305 

7. Himsworth et al. 2013. Ecology of Leptospira interrogans in Norways rats (Rattus norvegicus) in an inner-
city neighborhood of Vancouver, Canada. PLoS Neglected Tropical Diseases 7(6): e2270 

8. Himsworth et al. 2014. Carriage of methicillin-resistant Staphylococcus aureus by wild urban Norway rats 
(Rattus norvegicus). PLoS One 9(2): e87983 

9. Rothenburger et al. 2015. Survey of cardiovascular pathology in wild urban Rattus norvegicus and Rattus 
rattus. Veterinary Pathology 52(1): 201-208 

 

 
Rats and the City: Vancouver Rats Carry 

Pathogens Transmissible to People 


