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Wildlife viromes harbor potentially threatening 
zoonoses for humans that require increased 

effort in identification and surveillance (1). Rodents 
are considered main reservoirs of emerging zoonoses 
(2), and the large population fluctuations of reservoir 
species play a key role in modulating infection risk 

(3). Anthropogenic land-use changes, agricultural 
intensification, and irrigation also favor rodent inva-
sions and risk for pathogen spillover (4). The common 
vole (Microtus arvalis) is a widespread rodent inhab-
iting intensified farming landscapes in northwest-
ern Spain, where population numbers and pathogen 
prevalence lead to spillover of zoonotic bacteria such 
as Francisella tularensis and Bartonella spp. (5).

We report the prevalence of rodent-borne zoo-
notic viruses in Europe (i.e., hantavirus, arenavi-
rus [lymphocytic choriomeningitis virus (LCMV)], 
and orthopoxvirus) (6) among the small mammals 
inhabiting farming landscapes. We also report the 
effect of natural fluctuations of common vole num-
bers on viral prevalence (phase dependence). Our 
study was conducted in intensively farmed land-
scapes, in the Tierra de Campos region of Castilla-
y-León, northwestern Spain (7), where the small 
mammal population is mainly composed of 4 spe-
cies: common vole, long-tailed field mouse (Apode-
mus sylvaticus), western Mediterranean mouse (Mus 
spretus), and greater white-toothed shrew (Crocidu-
ra russula) (7). 

We live-trapped small mammals during March 
2013–March 2019. We collected samples from blood, 
spleen, liver, and lungs by using standard protocols 
and stored them at –23°C until molecular analysis 
could be performed (Appendix, https://wwwnc.
cdc.gov/EID/article/28/6/21-2508-App1.pdf). We 
owned all necessary licenses and permits for conduct-
ing this study. 

We detected specific hantavirus, LCMV, and or-
thopoxvirus IgG in serum samples by using immu-
nofluorescence assay. We used fluorescein isothio-
cyanate (FITC) anti-IgG as a secondary antibody and 
evaluated all slides under a fluorescence microscope. 
For molecular analysis, we isolated RNA from liver 
and lung tissues and DNA from a mix of liver and 
spleen. We performed single-step reverse transcrip-
tion PCR (RT-PCR) for LCMV detection in the liver, 
nested reverse transcription PCR for hantavirus de-
tection in lung samples, and conventional pan-poxvi-
rus PCR method followed by an additional orthopox-
virus-specific PCR for orthopoxvirus detection in the 
mix samples. We used generalized linear models to 
test variations of prevalence between species and cal-
culate prevalence in common voles according to host 
sex (male or female), trapping month (March, July, or 
November), and population density phase (increase, 
peak, or crash). 

We screened 526 individual animals from 4 spe-
cies for the presence of 3 viruses (Table; Appendix). 
We found evidence of hantavirus infection only in 
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We screened 526 wild small mammals for zoonotic vi-
ruses in northwest Spain and found hantavirus in com-
mon voles (Microtus arvalis) (1.5%) and high prevalence 
(48%) of orthopoxvirus among western Mediterranean 
mice (Mus spretus). We also detected arenavirus among 
small mammals. These findings suggest novel risks for 
viral transmission in the region.
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common voles, at an average prevalence of 1.6% (95% 
CI 0.6%–3.3%; 7/438). Positive results for LCMV in-
fection (either by immunofluorescence assay or PCR) 
were detected in 5.9% (95% CI 0.7%–19.7%) of long-
tailed field mice (2/34, 11.1% (95% CI 0.7%–48.2%) of 
shrews (1/9), and 2.2% (95% CI 1.1%–4.0%) of com-
mon voles (10/458). Orthopoxvirus IgG was present 
in 1.3% (95% CI 0.4%–3.0%) of common voles (5/382) 
and in 48% (95% CI 27.8%–68.7%) of western Medi-
terranean mice (12/25), and we observed significant 
differences between both species (χ2 = 59.643, d.f. = 
3; p < 0.001). In long-tailed field mice, we only detect-
ed LCMV during summer (July). In common voles, 
we found no effect of cycle phase or month on virus 
prevalence (Appendix), but LCMV prevalence dif-
fered between sexes (χ2 = 5.189, d.f. = 1; p = 0.023) and 
was higher in males (3.7%; 95% CI 1.6%–7.1%) than in 
females (0.8%; 95% CI 0.1%–0.3%).

Recent surveys of viral zoonoses in Spain have 
shown low antibody prevalence of LCMV (1.7%) (8) 
and hantavirus (0.06%) (9) among humans. Hanta-
virus antibodies were detected in red foxes (Vulpes 
vulpes) (10), and LCMV antibodies were detected in 
long-tailed field mice and red foxes (8,10). Our study 
detected hantavirus in a wild rodent reservoir in 
Spain. The reported prevalence was low (1.6%) and 
did not differ between the phases of the common 

vole population cycle. However, the cyclic dynamic 
of this rodent host, which harbored all 3 virus spe-
cies screened, may influence the risks associated 
with contact with infected rodents. Common voles 
can reach densities of up to 1,000 per hectare during 
population peaks, so the infected proportion may 
become a considerable public health concern. Ortho-
poxvirus infection risk is of growing concern in Eu-
rope because of the absence of smallpox vaccination 
among the human population <45 years of age (6). 
Because half of all the western Mediterranean mice 
analyzed were positive for orthopoxvirus, the poten-
tial transmission risk for the virus from this rodent to 
humans should be considered and further confirmed 
with larger sample sizes.

Further investigation is required regarding the 
molecular nature and infectivity of the hantavirus 
and orthopoxvirus detected, as well as their circula-
tion pathways, which will help to uncover possible 
transmission routes and determine more precisely 
the level of infection risk to human populations. Our 
results can be used by local authorities to refine vi-
rus surveillance, including clinical diagnosis of new 
viruses, and improve public health strategies to pre-
vent and minimize zoonotic risks for persons living 
in areas recurrently affected by outbreaks linked to 
common voles.
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Table. Prevalence of hantavirus, arenavirus (LCMV), and orthopoxvirus in 4 small mammal species from the Tierra de Campos region, 
Castilla-y-León, northwest Spain, 2013–2019* 

Species Common name Virus 
Prevalence 

Screening method No. positive/screened % Positive (95% CI) 
Apodemus sylvaticus  Long-tailed field mouse LCMV IFA 2/34 5.9 (0.7–19.7)  

 
 

PCR 0/2 Not tested  
 Hantavirus IFA 0/34 Not tested  
 

 
PCR Not tested Not tested  

 Orthopoxvirus IFA 0/34 Not tested  
 

 
PCR Not tested Not tested 

Crocidura russula  Greater white-toothed 
shrew 

LCMV IFA 0/7 Not tested   
PCR 1/9 11.1 (0.3–48.2)  

 Hantavirus IFA 0/7 Not tested  
 

 
PCR 0/9 Not tested  

 Orthopoxvirus IFA 0/7 Not tested  
 

 
PCR Not tested Not tested 

Microtus arvalis  Common vole LCMV IFA 8/382 2.1 (0.9–4.1)  
 

 
PCR 2/89 2.2 (0.3–7.9)  

 Hantavirus IFA 3/382 0.8 (0.2–2.3)  
 

 
PCR 4/62 6.5 (1.8–15.7)  

 Orthopoxvirus IFA 5/382 1.3 (0.4–3.0)  
 

 
PCR 0/243 Not tested 

Mus spretus  Western Mediterranean 
mouse 

LCMV IFA 0/25 Not tested   
PCR Not tested Not tested  

 Hantavirus IFA 0/25 Not tested  
 

 
PCR Not tested Not tested  

 Orthopoxvirus IFA 12/25 48.0 (27.8–68.7)  
 

 
PCR Not tested Not tested 

All hosts  LCMV All tests 13/526 2.5 (1.3–4.2)  
 Hantavirus All tests 7/458 1.5 (0.6–3.1)  
 Orthopoxvirus All tests 17/510 3.3 (2.0–5.3) 

*LCMV, lymphocytic choriomeningitis virus. 
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To limit spread of novel SARS-CoV-2 variants such 
as Omicron B.1.1.529, early detection is crucial. 

Wastewater surveillance has been suggested as an 
early warning system for SARS-CoV-2 spread in low-
prevalence areas or communities where human test-
ing is limited (1).

We provide a method to rapidly determine the 
presence of Omicron in wastewater samples that 
have low viral load, in which the Omicron genome 
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We report wastewater surveillance for SARS-CoV-2 vari-
ants of concern by using mutation-specific, real-time PCR 
and rapid nanopore sequencing. This surveillance might 
be useful for an early warning in a scenario in which a 
new variant is emerging, even in areas that have low virus 
incidences.
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