
Sin Nombre virus (SNV; family Hantaviridae, ge-
nus Orthohantavirus, species Sin Nombre ortho-

hantavirus) is the primary etiologic agent of a severe 
respiratory illness known as hantavirus pulmonary 
syndrome (HPS) or hantavirus cardiopulmonary 
syndrome (HCPS), of which ≈1,000 cases have been 
confirmed across North America. SNV was identi-
fied after an outbreak in 1993, and association with 
the deer mouse (Peromyscus maniculatus) was estab-
lished (1,2). In North America, the case-fatality rate 
(CFR) of HCPS is 30%–35% (3). Transmission of SNV 
to humans occurs predominantly through direct con-
tact with infected deer mice or their excreta in peri-
domestic settings (4). We summarize critical aspects 
of SNV biology and the epidemiology of infections in 
Canada over the past 25 years, including a phyloge-
netic analysis of SNV from different geographic areas 
over time. 

The Study
Public health authorities in Canada follow the case 
definition for HPS/HCPS of the Pan American 
Health Organization (5). Samples from suspected 
hantavirus-infected patients are sent for diagnos-

tic testing to the National Microbiology Laboratory, 
Winnipeg, Manitoba (Appendix, https://wwwnc.
cdc.gov/EID/article/26/12/20-2808-App1.pdf). 
Several criteria must be fulfilled for laboratory confir-
mation of an HCPS case: the presence of hantavirus-
specific IgM; a >4-fold increase in hantavirus-specific 
IgG from sequential samples; and a positive reverse 
transcription PCR (RT-PCR) amplification of hanta-
viral RNA or positive immunohistochemical staining 
for hantaviral antigen in the tissues. Detection of IgM 
or a positive RT-PCR amplification occurs most often 
in early clinical disease, whereas IgG is typically de-
tected throughout infection, even in the prodrome. 
Detection of hantavirus-specific antibodies remains 
the primary diagnostic criterion (6,7). It is difficult to 
propagate virus from clinical samples; therefore, iso-
lation is not routinely attempted.

Active surveillance of HCPS began in Canada 
in 1994; it became a nationally notifiable disease in 
2000 (6). Surveillance of small mammals across Can-
ada was initiated in 1994 and has since documented 
SNV-infected deer mice in all provinces except Prince 
Edward Island and Nova Scotia, and in Yukon Ter-
ritory but not in the Northwest Territories or Nuna-
vut (6). The prevalence of SNV among deer mouse 
populations varies spatially and temporally, typically 
10%−30% (6,8).

As of January 1, 2020, a total of 143 cases of 
HCPS had been laboratory confirmed in Canada, 
including 3 cases retrospectively identified since 
1993 that were diagnosed in 1989, 1990, and 1992 
(Figure 1; Figure 2, panel A). Annually, an average 
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Hantavirus cardiopulmonary syndrome (HCPS) is a se-
vere respiratory disease caused by Sin Nombre virus 
(SNV) in North America. As of January 1, 2020, SNV 
has caused 143 laboratory-confirmed cases of HCPS 
in Canada. We review critical aspects of SNV epidemi-
ology and the ecology, biology, and genetics of HCPS 
in Canada.
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of 4–5 cases (range 0–13 cases) are confirmed in 
Canada (Figure 2, panel A). Although cases of 
HCPS have been diagnosed in every month, they 
are most common in spring and summer (Figure 2, 
panel B), peaking in May−June and then gradually 
decreasing. Peaks in HCPS cases are likely driven 
by seasonal increases in deer mouse populations 
coupled with increased human contact with envi-
ronments contaminated with SNV-infected rodent 
excreta. All cases except 1 have occurred in the 4 
westernmost provinces of Manitoba, Saskatch-
ewan, Alberta, and British Columbia; Alberta had 
the most cases (Figure 1; Figure 2, panel A). Most 
cases in these provinces have been in southern  

rural, often agricultural, settings. Most HCPS cases 
occur in geographic and spatial isolation, although 
clusters have been reported across communities 
and within households. The most northern case of 
HCPS in Canada was documented above the 59th 
parallel in British Columbia, <20 km from the bor-
der with Yukon Territory. Six cases have been di-
agnosed in patients from Quebec; 5 were directly 
attributed to military exercises or travel in western 
provinces (9,10). The sixth case-patient was a resi-
dent in the Nicolet-Yamaska municipality with no 
travel history except to a nearby recreational lake-
side property. To date, this case remains the only 
HCPS case with autochthonous transmission east 
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Figure 1. Geographic distribution of confirmed cases of hantavirus cardiopulmonary syndrome (HCPS) in Canada, 1989–2019. The 
map shows the locations of cases in Canada based on provinces where Sin Nombre virus infection was likely contracted; data were 
provided on diagnostic requisitions, physician reports, or follow-up investigations. Numbers in circles indicate number of cases for that 
province. The locations of 15 cases could not be mapped due to insufficient information.
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of Manitoba. The western bias observed in HCPS 
case distribution in Canada mirrors that reported 
in the United States (7).

The mean age of HCPS patients in Canada is 40; 
cases have occurred in all age brackets from 10–70 years 
of age (median 42, range 7–76 years of age) (Figure 2, 
panel C). Overall, the CFR of HCPS in Canada is 25% 
(34/137 cases; 6 outcomes unknown). HCPS occurs 
more frequently in male patients (99/143 cases). CFR 
is higher in female than in male patients, although the 
difference is not statistically significant (15/43 [35%] 
vs. 19/94 [20%]; relative risk = 1.726 [0.9733–3.060]; p = 
0.0651 by χ2 test) (Table). Differences in infection out-
come based on age and sex of patients is an area of re-
search that could lead to insights into the pathogenesis 
of HCPS and, similar to immunological studies using 
patient samples, could provide a means of identifying 

important signatures associated with severe infection 
and poor outcome (11,12).

When available, sequence data for HCPS cases in 
Canada appear to share a relatively recent common 
ancestor. This ancestor appears to have diverged 
from viruses from deer mice in eastern Canada (On-
tario eastward) before diversifying into the western 
Canada (Manitoba westward) genotypes that have 
most commonly caused clinical disease in humans 
and are also found in deer mice from western Canada 
(Appendix Figure 1, panels A–C). The eastern Cana-
da genotypes cluster with a clinical isolate from a case 
in New York, USA, suggesting that, despite a lack of 
cases in eastern Canada, these viruses may also be 
pathogenic to humans. 

For both the small (S) and medium (M) genomic 
segments, sequences from western Canada tend to 
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Figure 2. Cases of hantavirus cardiopulmonary syndrome (HPCS) by province, year, month, and patient age, Canada, 1989–2019. A) 
HCPS cases per year by province. B) Seasonal incidence of HCPS in Canada as shown by number of cases diagnosed in each month. 
A clear trend toward spring/summer contraction of disease can be seen. C) HCPS cases by age with associated case-fatality rate. Blue 
bars indicate the number of cases diagnosed in each age group; red line shows case-fatality rate associated with each age group.
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group relatively tightly together and with S segment 
sequences from Montana and New Mexico. This evi-
dence suggests that latitude does not account for the 
variation in the S sequences the way longitude does, 
with a clear separation of eastern and western geno-
types. However, M segment sequences from western 
Canada are more closely related to samples from Cali-
fornia, USA, suggesting some M segment variation in 
the north–south gradient (13). The biologic relevance 
of these variances remains to be investigated.

The median estimate of the average mutation rate 
for the S segment is 1.03 × 10-3 substitutions/site/
year (95% highest posterity density interval 0.51–1.72 
× 10-3 substitutions/site/year) whereas the estimate 
for the M segment is 3.79 × 10-4 substitutions/site/
year (95% highest posterity density interval 1.82–6.76 
× 10-4 substitutions/site/year). However, we were 
unable to distinguish whether this difference is an ar-
tifact of the modeling or the underlying data, due to 
limited datasets for S (150–200 nt) and M (300–400 nt) 
segments, or analyzing variables versus conserved 
regions. Because of the limited data inherent with 
small nucleotide fragments, we could not assess if 
differences are potentially due to reassortment or re-
combination or if differing selective pressures cause 
different mutation rates. 

On occasion non–SNV-related hantavirus infec-
tions have been diagnosed in Canada; however, stud-
ies on non-SNV hantaviruses within Canada are lim-
ited. Two imported HCPS cases from Argentina and 
Bolivia were detected in returning travelers by re-
verse transcription PCR analysis; amplicon sequenc-
ing determined the etiologic agent was Andes virus 
or a closely-related variant (6). In addition, a traveler 
returning from Siberia in 2002, who originally tested 
seronegative using an in-house ELISA, subsequently 
tested seropositive for Dobrava virus. A small pro-
portion of coastal rats have shown seroreactivity for 
Seoul virus; however, human infections in Canada 
have been limited to a recent cluster associated with 
imported pet rats (14,15).

Conclusions
Although hantavirus infections in Canada remain 
rare, the high CFR and severe nature of the disease 

underscore the importance of surveillance-based 
awareness and risk prevention in at-risk populations 
and settings. Overall, close monitoring of SNV infec-
tions in Canada remains a key part of risk mitigation 
and will further our understanding of HCPS patho-
genesis and SNV ecology and evolution.
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Table. Comparison of outcomes for confirmed cases of 
hantavirus cardiopulmonary syndrome in male and female 
patients, Canada 

Sex 
No. fatal 
cases 

No. nonfatal 
cases 

Relative risk 
(95% CI) 

p value 
(χ2 test) 

M 19 75 1.726 
(0.9733−3.060) 

0.0651 

F 15 28   
Total 34 103   
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Appendix 

Methods 

Serology 

 Detection of IgG antibodies was done using an ELISA assay using Black Creek Canal 

orthohantavirus (BCCV)−infected VERO E6 lysate as a positive antigen and mock infected Vero 

E6 lysate as the negative antigen. The IgM detection assay is a mu-capture ELISA using BCCV-

infected and mock-infected VERO E6 cell slurries and a mouse monoclonal antibody directed 

against aa 66-78 of the nucleoprotein of Sin Nombre orthohantavirus (SNV; United States 

Biologicals, https://www.usbio.net).  

Molecular Detection 

 Patient samples positive for SNV were tested in a RT-qPCR using the primers: SNS140F 

5′-AAKTGGACCCCGATGAYGTTAA and SNS140R 5′-TTGGTYTCCAATGCAGACACA 

and the probe SNS140P 6FAM-AAAAGCACATTACAGAGCAGACGGGCAG; we used the 

TaqPath 1-Step Multiplex Master Mix (Life Technologies, https://www.thermofisher.com) 

according to the manufacturer’s instructions. 

 To obtain sequence data for the small (S) and medium (M) genomic segments, we used 2 

sets of primers. The original assay used was as described by Ksaizek et al. (1). Later the primers 

were optimized for SNV and the following sets were used. SNS2016F 5′-

AGAAAGAGCRGTGGATGAYGTTAACA, SNS2016R 5′-

GGACAACGATCSGATGCRAANACCCA, and SNM2016F 5′-

CAAAAACAATGGTGTGTGAYATTTG, SNM2016R 5′-

TTTATRTTGAATGCATCCATCCAATG. Amplicons were sequenced and used for phylogenic 

analyses. Sequences of sufficient length and quality were aligned along with full-length 

https://doi.org/10.3201/eid2612.202808
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reference sequences obtained from GenBank. Some sequences which aligned to a different 

region than most samples were removed from the alignment and analysis. 

Phylogenetic Analysis 

We ran 2 separate analyses, one for the S segment and one for the M segment. The sequences 

were aligned using MAFFT (https://mafft.cbrc.jp/alignment/software) with the --localpair option, 

a gap open penalty of 3, and a gap extension penalty of 1. The alignment was converted from 

FASTA to NEXUS format using seqmagick (https://fhcrc.github.io/seqmagick) (Appendix Table 

1). We defined the BEAST model using the corresponding version of BEAUTi. The model used 

was Coalescent Constant model, the nucleotide model was the General Time-Reversible model 

(GTR), using a relaxed log-normal clock and empirical nucleotide frequencies. Each model (S & 

L) was run in 3 parallel chains for 20 million iterations each (logging every 1,000 iterations) 

using BEAST 2.5.2 (2). Convergence and effective sample sizes were confirmed using Tracer. 

The trees from the last 10 million iterations of each chain were combined using LogCombiner. 

Downsampled tree files were produced using LogCombiner to provide the uncertainty 

visualization (100 trees). The main posterior tree was derived using TreeAnnotator set to 

maximum clade credibility and common ancestor heights (with posterior probability limit of 0.95 

and burn-in of 0 [burn-in was removed with Log Combiner]). Graphs were produced using R 

3.6.1, with the following packages: checkpoint version 0.4.7 (snapshot date of 2019-11-11) (3), 

dplyr version 0.8.3 (4), tidyr version 1.0.0 (5), ggplot2 version 3.2.1 (6), ape version 5.3 (7), 

ggtree version 2.0.0 (8), cowplot version 1.0.0 (9), mapproj version 1.2.6 (10), ggmap version 

3.0.0 (11), rnaturalearth version 0.1.0 (12), rnaturalearthhires version 0.2.0 (13), rgeos version 

0.5-2 (14), and sf version 0.8-0 (15).  
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Appendix Table. GenBank accession numbers of reference sequences used in study of hantavirus cardiopulmonary syndrome, 
Canada 
Virus name in 
trees 

S segment 
accession 

no.  

M segment 
accession 

no. 
ConvictCreek_107 L33683.1 L33474.1 
ConvictCreek_74 (Sequenced 

at NML) 
L33684.1 

NewYork (Sequenced 
at NML) 

U36801.1 

77734 AF281851.1 AF281852.1 
Isolate 2 JQ690282.1 —— 
BCC (Black Creek 
Canal) 

L39949.1 L39950.1 

BlueRiver ——- AF030552.1 
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Appendix Figure. Molecular epidemiology and phylogenetic analysis of Sin Nombre virus (SNV) 

sequences from HCPS patients in Canada. A) Phylogenetic tree based on sequences of SNV small (S) 

segments from Canada and the United States. B) Phylogenetic tree based on sequences of SNV medium 

(M) segments from Canada and the United States. C) Corresponding S and M segments from Canadian 

HCPS patients. Lines connect S and M segments sequenced from the same SNV isolate.  

 


