Experimental Infection of
Cattle with SARS-CoV-2
Lorenz Ulrich, Kerstin Wernike, Donata Hoffmann, Thomas C. Mettenleiter, Martin Beer

We inoculated 6 cattle with severe acute respiratory
syndrome coronavirus 2 and kept them together with 3
in-contact, virus-naive cattle. We observed viral replication and specific seroreactivity in 2 inoculated animals,
despite high levels of preexisting antibody titers against
a bovine betacoronavirus. The in-contact animals did not
become infected.

A

fter spilling over from an unknown animal host
to humans, a novel betacoronavirus called severe
acute respiratory syndrome coronavirus 2 (SARSCoV-2) emerged in December 2019 (1,2) and induced
a global pandemic. This virus, which causes coronavirus disease, was first identified in humans in Wuhan,
China (3). The role of livestock and wildlife species at
the human-animal interface in disease emergence and
dynamics was extensively discussed, focusing on the
identification of susceptible species, potential reservoirs, and intermediate hosts. Natural or experimental infections have demonstrated the susceptibility of
fruit bats (Rousettus aegyptiacus), ferrets, felids, dogs,
and minks to the virus; however, pigs, chicken, and
ducks are not susceptible (4–6). Besides ducks, chicken,
and pigs, other major livestock species, including >1.5
billion cattle (Bos taurus), live with close contact with
humans. Non-SARS-CoV-2 betacoronaviruses are
widespread in bovines (7); seroprevalences reach up
to 90% (8), but these infections are usually subclinical
(7). However, whether any ruminant species are susceptible to SARS-CoV-2 infection or whether there is
any cross-reactivity of antibodies against bovine coronaviruses (BCoVs) and SARS-CoV-2 is unknown. We
examined the susceptibility of cattle to SARS-CoV-2
infection and characterized the course of infection.
The Study
From a group of 9 dairy calves, we intranasally inoculated 6 with 1 x 105 50% tissue culture infectious dose
of SARS-CoV-2 (strain 2019_nCoV Muc-IMB-1). We
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reintroduced the other 3 SARS-CoV-2–naive (hereafter in-contact) cattle to the 6 infected animals 24 hours
after inoculation. We monitored body temperature
and clinical signs daily. We also obtained and processed blood samples and nasal, oral, and rectal swab
samples (Appendix, https://wwwnc.cdc.gov/EID/
article/26/12/20-3799-App1.pdf). The experimental
protocol was assessed and approved by the ethics committee of the State Office of Agriculture, Food Safety,
and Fisheries in Mecklenburg–Western Pomerania,
Germany (permission no. MV/TSD/7221.3–2-010/18).
Before infection, all animals tested negative for
SARS-CoV-2 RNA in nasal, oral, and rectal swab
samples and antibodies against SARS-CoV-2 in serum samples. Veterinarians conducted daily physical
examinations and noted that none of the animals (inoculated or not) showed signs of clinical SARS-CoV-2
infection (Appendix). Throughout the study, the animals’ body temperatures, feed intake, and general
condition remained within normal limits (Appendix).
We demonstrated viral replication in 2 of the inoculated animals. One animal (no. 776) tested positive for
viral RNA in the nCoV IP4 real-time reverse transcription PCR (RT-PCR) on days 2 (quantification cycle [Cq]
value 29.97) and 3 (Cq 33.79) after infection. Another
calf (no. 768) tested positive on day 3 (Cq 38.13) (Figure, panel A). We confirmed the results with a second
real-time RT-PCR selective for the E gene; we measured
Cq values of 29.26 (no. 776, day 2 after infection), 32.12
(no. 776, day 3), and 36.18 (no. 768, day 3). We verified
the results with real-time RT-PCR using the ID GENE
SARS-COV-2 DUPLEX kit (IDvet, https://www.id-vet.
com) (Cq values 29.17 [no. 776, day 2 after infection],
30.55 [no. 776, day 3], and 36.07 [no. 768, day 3]). These
animals tested positive only in the nasal swab samples.
We tested serum samples with an indirect ELISA
specific to the SARS-CoV-2 receptor binding domain
(RBD-ELISA). An increase in seroreactivity was observed for animal 776 from day 12 onward, indicating
seroconversion (Figure, panel B). On day 20, we took
serum samples that confirmed the positive ELISA findings and used an indirect immunofluorescence assay
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DISPATCHES
Figure. Characterization of
SARS-CoV-2 infection in cattle.
Animals directly inoculated
shown in black. In-contact
animals shown in blue.
Individual animals are indicated
by the same symbol in every
figure panel. A) Viral load in
nasal swab samples measured
by real-time RT-PCR. Animals
776 and 768 had detectable
viral loads on days 2 and 3 (no.
776) or day 3 only (no. 768).
B) Results of indirect ELISA
specific to the SARS-CoV-2
receptor binding domain.
Serum samples taken on days
-1 before infection and 6, 12,
and 20 days after infection.
Values below the dashed line
are considered negative for
antibodies against SARSCoV-2. C) Results of indirect
immunofluorescence assay
for BCoV. D) Results of virus neutralization test for BCoV. Indirect immunofluorescence and virus neutralization test showed that animal 842,
which tested positive for BCoV in the nasal swab sample by real-time RT-PCR, had an increase in antibody titer against BCoV. Preinfection
antibody titers against BCoV did not affect infection with SARS-CoV-2, as animals 776 and 768, which tested positive for SARS-CoV-2,
showed no infection-related reaction of BCoV antibody titers. BCoV, bovine coronavirus; ND50, 50% neutralizing dose, RT-PCR, reverse
transcription PCR; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

(iIFA) to measure a low antibody titer of 1:4. In addition, a virus neutralization test (VNT) (serum dilution
1:2) showed a visible, although incomplete, inhibition
of viral replication. Samples taken on day 20 from animal 768 showed only slightly increased seroreactivity in
ELISA, whereas iIFA and VNT results remained negative. These differences might be attributable to varying
test sensitivities or a possible restriction of viral replication to the upper respiratory tract. Throughout the
study, the other animals tested negative for antibodies
against SARS-CoV-2 by ELISA, iIFA, and VNT.
We also tested the BCoV status of each calf. Before
SARS-CoV-2 infection, all animals had neutralizing
antibodies against BCoV, although the titers differed
substantially among individual animals (Figure, panel
D). Three animals showed an increase in antibody titers against BCoV by iIFA (no. 842 and 773, which were
directly infected with SARS-CoV-2, and no. 774, an incontact animal) and 2 also by VNT (no. 842 and 774)
within the study period (Figure). To show that this increase was caused by a natural BCoV infection and not
SARS-CoV-2, we tested nasal swab samples for BCoV
using RT-PCR selective for the RdRp region (9). Animal
842 tested positive by PCR for BCoV RNA 1 day before
our experimental SARS-CoV-2 infection and 2 days after infection. We used Sanger sequencing to confirm the
BCoV infection, which had increased the titer of anti2980

bodies against BCoV in this animal (Figure). Animal 842
presumably infected animal 774 with BCoV. However,
we did not observe any cross-reactivity of the bovine
coronavirus with the applied SARS-CoV-2 tests, because all animals tested negative by the nCoV IP4 PCR
for SARS-CoV-2, the iIFA and VNT specific to SARSCoV-2, and the RBD-ELISA (Figure) before infection.
Moreover, 2 animals (nos. 776 and 768) with high BCoV
seroreactivity tested positive for SARS-CoV-2 RNA after inoculation, whereas those with lower BCoV-specific
titers could not be infected, further confirming a lack of
any cross-reactivity or cross-protection.
Conclusions
Our findings demonstrate that under experimental
conditions cattle show low susceptibility to SARSCoV-2 infection. This finding corresponds with a
predicted medium susceptibility of cattle species on
the basis of a computational modelling of their angiotensin-I-converting enzyme 2, the cellular receptor for
SARS-CoV-2 (10).
We inoculated 6 cattle with SARS-CoV-2; of these
animals, 2 later tested positive for the virus in PCR
of nasal swab samples and show specific seroconversion by RBD-ELISA. Even though the genome loads
detected in animal 768 at day 3 were low, there is evidence that this animal was confronted with real viral
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replication. RNA residues from inoculation are only
detectable shortly after inoculation; here, the day 2
nasal swab tested repeatedly PCR negative. Furthermore, other studies using the same infection dose and
vaporization device also found no residual RNA on
day 2 (5). In addition, the low-level viral replication
led to a slight, but detectable, serologic reaction in the
applied ELISA (Figure, panel B).
In our study, we did not observe intraspecies
transmission to in-contact cattle. Thus, we have no
indication that cattle play any role in the human pandemic, and no reports of naturally infected bovines
exist. Nevertheless, in regions with large cattle populations and high prevalence of SARS-CoV-2 infection
in humans, such as the United States or countries in
South America, close contact between livestock and
infected animal owners or caretakers could cause
anthropo-zoonotic infections of cattle, as has been
already described for highly susceptible animal species such as minks, felids, and dogs (6,11). When assessing the risk for virus circulation within bovine
populations, one should consider the age, husbandry
practices, and underlying health conditions of the animals. Outbreak investigations might include cattle,
particularly if direct contact has occurred between
animals and persons infected with SARS-CoV-2. In
addition to direct detection by PCR, serologic screenings with sensitive and specific ELISAs should also
be taken into consideration. In this context, the wide
distribution of BCoV is of special interest, especially
because the presence of a preexisting coronavirus did
not protect from infection with another betacoronavirus in this study. Double infections of individual
animals might lead to recombination events between
SARS-CoV-2 and BCoV, a phenomenon already described for other pandemic coronaviruses (12). A resulting chimeric virus, comprising characteristics of
both viruses, could threaten human and livestock
populations and should therefore be monitored.
This article was preprinted at https://www.biorxiv.org/
content/10.1101/2020.08.25.254474v1.
Acknowledgments
We thank Doreen Schulz, Bianka Hillmann, Mareen Lange,
and Constantin Klein for excellent technical assistance and
the animal caretakers for their dedicated work.
The study was supported by intramural funding of the
German Federal Ministry of Food and Agriculture
provided to the Friedrich-Loeffler-Institut and resources
of the VetBioNet consortium (grant agreement no.
EU731014), an initiative of the European Commission’s
Horizon 2020 program.

About the Author
Mr. Ulrich is a veterinarian and doctoral candidate at
the Friedrich-Loeffler-Institut, Greifswald-Insel Riems,
Germany. His research interests include pathogenesis and
prevention of zoonotic viruses.
References
1.

2.
3.

4.

5.

6.

7.
8.
9.

10.

11.

12.

World Health Organization. COVID-19 strategy update—14
April 2020. 2020 [cited 2020 May 16]. https://www.
who.int/publications/i/item/covid-19-strategy-update--14-april-2020
Andersen KG, Rambaut A, Lipkin WI, Holmes EC, Garry RF.
The proximal origin of SARS-CoV-2. Nat Med. 2020;26:450–2.
https://doi.org/10.1038/s41591-020-0820-9
Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al.;
China Novel Coronavirus Investigating and Research Team.
A novel coronavirus from patients with pneumonia in China,
2019. N Engl J Med. 2020;382:727–33. https://doi.org/
10.1056/NEJMoa2001017
Shi J, Wen Z, Zhong G, Yang H, Wang C, Huang B, et al.
Susceptibility of ferrets, cats, dogs, and other domesticated
animals to SARS-coronavirus 2. Science. 2020;368:1016–20.
https://doi.org/10.1126/science.abb7015
Schlottau K, Rissmann M, Graaf A, Schön J, Sehl J,
Wylezich C, et al. SARS-CoV-2 in fruit bats, ferrets, pigs,
and chickens: an experimental transmission study. Lancet
Microbe. 2020 Jul 7 [Epub ahead of print]. https://doi.org/
10.2807/1560-7917.ES.2020.25.23.2001005
Oreshkova N, Molenaar RJ, Vreman S, Harders F,
Oude Munnink BB, Hakze-van der Honing RW, et al.
SARS-CoV-2 infection in farmed minks, the Netherlands,
April and May 2020. Euro Surveill. 2020;25:25.
https://doi.org/10.2807/1560-7917.ES.2020.25.23.2001005
Hodnik JJ, Ježek J, Starič J. Coronaviruses in cattle. Trop
Anim Health Prod. 2020 Jul 17 [Epub ahead of print].
https://doi.org/10.1007/s11250-020-02354-y
Boileau MJ, Kapil S. Bovine coronavirus associated
syndromes. Vet Clin North Am Food Anim Pract.
2010;26:123–46. https://doi.org/10.1016/j.cvfa.2009.10.003
Dominguez SR, O’Shea TJ, Oko LM, Holmes KV. Detection
of group 1 coronaviruses in bats in North America. Emerg
Infect Dis. 2007;13:1295–300. https://doi.org/10.3201/
eid1309.070491
Damas J, Hughes GM, Keough KC, Painter CA, Persky NS,
Corbo M, et al. Broad host range of SARS-CoV-2 predicted
by comparative and structural analysis of ACE2 in
vertebrates. Proc Natl Acad Sci U S A. 2020;117:22311–22.
https://doi.org/10.1073/pnas.2010146117
Sailleau C, Dumarest M, Vanhomwegen J, Delaplace M,
Caro V, Kwasiborski A, et al. First detection and genome
sequencing of SARS-CoV-2 in an infected cat in France.
Transbound Emerg Dis. 2020 Jun 5 [Epub ahead of print].
https://doi.org/10.1111/tbed.13659
Forni D, Cagliani R, Clerici M, Sironi M. Molecular
evolution of human coronavirus genomes. Trends
Microbiol. 2017;25:35–48. https://doi.org/10.1016/
j.tim.2016.09.001

Address for correspondence: Martin Beer, Institute of
Diagnostic Virology, Friedrich-Loeffler-Institut, Südufer 10,
17493 Greifswald-Insel Riems, Germany; email:
martin.beer@fli.de

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 26, No. 12, December 2020

2981

