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We report results from serologic surveillance for expo-
sure to SARS-CoV-2 among 1,237 wild rodents and small
mammals across Europe. All samples were negative, with
the possible exception of 1. Despite suspected potential
for human-to-rodent spillover, no evidence of widespread
SARS-CoV-2 circulation in rodent populations has been
reported to date.

Esitamme tulokset serologisesta tutkimuksesta, jossaseu-
lottiin SARS-CoV-2 tartuntojen varalta 1,237 luonnonvara-
ista jyrsijaa ja piennisakasta eri puolilta Eurooppaa. Kaikki
naytteet olivat negatiivisia, yhta naytetta lukuun ottamatta.
SARS-CoV-2:n laikkymisen ihmisista jyrsijoihin on arveltu
olevan mahdollista, mutta todisteet viruksen laajamittaisesta
leviamisesta jyrsijapopulaatioissa puuttuvat.
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Reverse transmission of diverse zoonotic patho-
gens (bacteria, viruses, eukaryotic parasites,
fungi) from humans to animals has been recognized
and documented as a global concern for years (1).
On July 6, 2022, the World Organisation for Animal
Health (OIE) stated, “While occasional occurrences
of COVID-19 in domestic or zoo animals show little
long-term consequence, infections at wildlife popula-
tion levels indicate the possibility of further evolution
of the virus in animals, and a future reintroduction
of the virus into humans at a later date” (2). From a
One Health perspective, “There is an urgent need to
develop frameworks to assess the risk of SARS-CoV-2
becoming established in wild mammal populations”

(o)

(3). In particular, wild rodents are suspected of being
among the species more susceptible to SARS-CoV-2
infection, and susceptibility to experimental infection
has been confirmed among various rodent species
(4-6). Specific courses of infection may differ among
rodent host species, but infection usually results in
little or no detectable disease, although infectious
virus may shed for 4-7 days after infection and dis-
ease may be transmitted to naive rodents (4-6). These
characteristics suggest the potential for reverse trans-
mission, broad circulation, and possible long-term
establishment of SARS-CoV-2 in rodent populations.
Such an event would be of concern: hamsters, for
example, have transmitted SARS-CoV-2 to humans,

Figure. Sampling of various
areas in Europe to detect
SARS-CoV-2 antibody response
in wild rodents. A) Location of
sampling areas. Colors indicate
the proportion of samples taken
in the 2 habitat types (green:
forests; blue: urban parks)

and symbol size and numbers
indicate sample size. Samples
were taken from up to 8 different
sites in each country (Appendix
Figure 1, https://wwwnc.cdc.gov/
ElID/article/28/12/22-1235-App1.
pdf). B) Number of individuals
sampled, by date and taxonomy.
Details of sampling periods,
habitats, and rodent species

are provided in Appendix 2
(https://wwwnc.cdc.gov/EID/
article/28/12/22-1235-App2.xIsx)
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followed by subsequent person-to-person transmis-
sion (7). Consequently, on December 6, 2021, the joint
United Nations Food and Agriculture Organization
and OIE (FAO-OIE) Advisory Group on SARS-CoV-2
Evolution in Animals indicated that a large surveil-
lance study of rodent populations exposed to human
contact was needed to close a major gap in SARS-
CoV-2 research.

Animal experiments have shown that antibod-
ies can be detected consistently for several weeks
or longer after rodent infection with SARS-CoV-2,
although detectable virus shedding lasts only a few
days (4-6). When field prevalence is low or un-
known among the target population, serologic test-
ing is the preferred method to maximize chances
of detecting circulation of viruses such as SARS-
CoV-2 that cause brief infection but maintain lon-
ger-lasting serologic response. A recent survey in
Hong Kong found a Norway rat (Rattus norvegicus)
to be potentially seropositive for SARS-CoV-2 (8).
Considering the high biodiversity and ubiquity of
rodents, this finding called for broader surveillance
studies in other continents, habitats, and noncom-
mensal rodent species. To investigate its possible
reverse zoonotic transmission and establishment in
wild rodents in different settings, we conducted a
large-scale serologic survey of SARS-CoV-2 in mul-
tiple rodent species across Europe.

We sampled animals in urban parks and zoos,
which offer ample opportunity for transmission
between humans and rodents, and forests, because
other wild forest mammals such as deer have be-
come naturally infected with SARS-CoV-2 (9). Dur-
ing 2021, we sampled 1,202 rodents and 35 Soric-
idae shrews (genera Sorex and Crocidura) from 23
forests sites and 8 urban parks in 5 countries in
Europe (Ireland, Belgium, France, Germany, and
Poland) (Figure 1; Appendix 1 Figure 1, https://
wwwnec.cdc.gov/EID/article/28/12/22-1235-
Appl.pdf; Appendix 2, https://wwwnc.cdc.gov/
EID/article/28/12/22-1235-App2.xIsx). We then
assessed each rodent’s SARS-CoV-2 serologic sta-
tus using an infected cell-based immunofluorescent
assay (IFA; Appendix 1) (10). We chose the IFA in-
stead of a neutralization assay as the initial screen-
ing test because it is scalable to a large number of
samples and can be effective in detecting both neu-
tralizing and nonneutralizing antibodies.

All but one of the rodents sampled were IFA
negative for SARS-CoV-2. The one IFA-positive ro-
dent (assayed twice on different days to rule out
any handling error) was a wood mouse (Apodemus
sylvaticus) sampled in an urban park near the city of
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Antwerp, Belgium, on April 6, 2021. We then tested
this IFA-positive sample using a seroneutraliza-
tion assay (Appendix 1), and results were negative,
suggesting that the sample had no detectable neu-
tralizing antibodies against the virus strain used in
the seroneutralization assay. The sample was also
negative by microsphere immunoassay (Appendix
1). The overall serologic status of this wood mouse
was therefore unconfirmed. To further investigate
possible virus circulation in the area, we used the
Luna SARS-CoV-2 RT-qPCR Multiplex Assay Kit
(New England BioLabs, https://www.neb.com)
to test samples from all 59 rodents captured in
the same location as the wood mouse (Appendix
1). PCRs were all negative (including for the IFA-
positive wood mouse), which could be expected
given the short virus-shedding period described
in rodents (4-6).

Our main conclusion on the basis of this survey
is that there is no evidence of a major SARS-CoV-2
spread among wild rodents in northern Europe as of
April-September 2021. A similar conclusion had been
reached in the study from Hong Kong (8), an area
with a denser human population and large popula-
tions of pest rodents. In that study, serum from 1 ur-
ban brown rat was positive in some but not all sero-
logic tests used, and all SARS-CoV-2 PCR tests were
negative (8). Taken together, these results indicate no
evidence of widespread SARS-CoV-2 circulation in
rodent populations to date.
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We report a patient in China with fever of unknown origin
who visited 3 hospitals in 3 weeks and was finally given
a diagnosis of acute Q fever, determined by metagenom-
ics next-generation sequencing. Our results indicate that
physicians are unfamiliar with Q fever and the disease is
neglected in China.

fever is an important worldwide zoonosis with

nonspecific symptoms, making diagnosis chal-
lenging (1-3). Humans become infected mainly by
inhalation of Coxiella burnetii-contaminated aerosols
from animal waste or contaminated soil (4). C. burnetii
is listed as a biologic weapon in the United States,
and Q fever is a nationally notifiable disease in the
United States, Australia, Netherlands, and Japan, but
it is not a notifiable disease in China (2,5-7). Serologic
epidemiology indicates that C. burnetii is widely dis-
tributed in China, but Q fever is rarely reported and
might be neglected (2,7). We report a case of Q fever
in a man in Shandong Province, China. The need for
ethics approval and informed consent was waived,
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