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previously infected animals and estimating the rate
of spillover infections in the field.

Antibodies against

SARS-CoV-2 Suggestive of
Single Events of Spillover to
Cattle, Germany

We analyzed 1,000 serum or plasma samples

from cattle at 83 farms in 4 federal states in Ger-
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Human infection with SARS-CoV-2 poses a risk for trans- 312124
mission to animals. To characterize the risk for cattle, we S
serologically investigated 1,000 samples collected from = Eggg
cattle in Germany in late 2021. Eleven antibody-positive 361028
samples indicated that cattle may be occasionally infect- £ 38
ed by contact with SARS-CoV-2—positive keepers, but 8 4‘1‘01%%
we found no indication of further spread. g j%g}g?
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ince its first detection at the end of 2019, SARS- 4 égg
CoV-2, which induces COVID-19 in humans, very 8 ;%?‘1’
rapidly spread around the world, causing a massive 55 o
global pandemic that resulted in >5 million deaths in 2 FS?%
<2 years of virus circulation (1). Since the beginning g%jég
of the pandemic, researchers have discussed the role 58 éi g
of livestock and wildlife species at the human-animal 60 (1011
interface, with a special focus on the identification of ae F%
susceptible species and potential intermediate or res- 64 (351
ervoir hosts. ol
Under experimental conditions, various animal gg (acs
species could be infected with SARS-CoV-2, includ- %E §é§
ing nonhuman primates, felids, canids, mustelids, J3en
white-tailed deer, and several species of Cricetidae 78933
rodents; poultry or swine were not susceptible (2). £ 1080
For domestic ruminants such as cattle, sheep, or 22 &5
goats, susceptibility after experimental inoculation 83%229
was low; only a small proportion of animals could e
be infected without animal-to-animal transmission 0 5 10 15 20

(3-5). Furthermore, 26 cattle exposed in the field to
SARS-CoV-2 by contact with their infected keep-
ers tested negative by reverse transcription PCR
(6). However, given the very short time at which
cattle test positive by reverse transcription PCR af-
ter experimental infection (1-2 days) (3,7), serologic
screening could be more beneficial for identifying
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Figure. Number of cattle per farm tested for antibodies against
SARS-CoV-2, Germany, 2021. Numbers in parentheses indicate
herd size. Black bar sections indicate samples with negative
reaction in the RBD-based ELISA; red bar sections indicate
positive samples. Farm 31 was sampled twice (indicated as

31a and 31b), before and after animal owner quarantine. RBD,
receptor-binding domain; UNK, unknown.
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Table. Results of samples that tested positive by a multispecies SARS-CoV-2 RBD-based ELISA, Germany, 2021*

Cattle farm/animal number (federal state)

8/1 (Bavaria)

11/1 (Bavaria)

31/1 (Bavaria)

34/1 (Lower Saxony
42/1 (Lower Saxony
45/1 (Lower Saxony
45/2 (Lower Saxony
47/1 (Lower Saxony
47/2 (Lower Saxony
72/1 (Thuringia)

)
)
)
)
)
)

RBD-ELISA,

corrected OD Indirect IFA, titer sVNT, % inhibition
0.35 <1:8 6.1
0.70 1:32 36.4
1.00 1:512 57.8
0.50 1:32 11.7
0.65 1:16 5.5
0.67 1:8 10.6
0.33 1:16 9.0
0.48 1:8 371
0.67 1:8 0.6
0.52 1:16 4.7
0.76 1:32 54.2

74/1 (Thuringia)

*Boldface indicates positive results. IFA, immunofluorescence assay; OD, optical density; RBD, receptor-binding domain; sVNT, surrogate virus neutralization
test (cPass SARS-CoV-2 Surrogate Virus Neutralization Test Kit; GenScript, https://www.genscript.com; cutoff >30% positive and <30% negative).

many (Bavaria, Lower Saxony, Saxony-Anhalt, and
Thuringia). Because the samples represented super-
fluous material from routine diagnostic submissions
by the responsible veterinarians in the context of the
health monitoring of the respective cattle farm, no
permissions were needed to collect these specimens.
Sampling dates were autumn 2021 and early winter
2021-22, during a massive wave of infections in the
human population driven by the SARS-CoV-2 Delta
variant of concern. We analyzed 2-20 randomly se-
lected serum or plasma samples per farm (Figure).
Farm 31 was sampled twice; between farm samplings,
the animal owner was quarantined. We do not know
whether this quarantine resulted from contact with an
infected person or whether the owner himself tested
SARS-CoV-2 positive. All bovine samples were tested
by a receptor-binding domain (RBD)-based multispe-
cies ELISA (diagnostic sensitivity 98.31% and specific-
ity 100%) performed as described previously (8). Ini-
tial test validation and an experimental SARS-CoV-2
infection study in cattle have demonstrated that the
ELISA does not cross-react with the bovine corona-
virus (BCoV) (3,8). We investigated an additional 100
cattle control samples randomly collected across Ger-
many in 2016, and all tested negative.

Of the cattle sampled in 2021, eleven animals from
9 farms tested positive by the RBD ELISA; among them
was 1 animal on farm 31, sampled after the owner was
quarantined (Figure). Positive ELISA results for all but
1 sample (farm 8) could be confirmed by an indirect
immunofluorescence assay that used Vero cells infect-
ed with the SARS-CoV-2 strain 2019_nCoV Muc-IMB-1
(multiplicity of infection of 0.1) as antigen matrix (3). Ti-
ters ranged from 1:8 through 1:512, and the highest titer
was from the seropositive animal on farm 31 (Table).
To further confirm the reactivity toward SARS-CoV-2,
we additionally tested the 11 samples that reacted
positive in the RBD-ELISA by using a surrogate virus
neutralization test (cPass SARS-CoV-2 Surrogate Virus
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Neutralization Test [sVNT]; Kit; GenScript, https://
www.genscript.com). This test enables detection of
neutralizing antibodies by mimicking the interaction
between SARS-CoV-2 and host cell membrane recep-
tor protein ACE2; it is reportedly highly specific but
only moderately sensitive for animal samples because
it does not detect low antibody titers (9). sVNT pro-
duced positive results for 4 cattle (farms 11, 31, 47, and
74; Table).

Our findings of a low number of individual se-
ropositive cattle on several farms demonstrate that
cattle might be occasionally infected and serocon-
vert after contact with infected humans. However, in
keeping with experimental infection studies (3), intra-
species transmission seems likewise to not occur in
the field. Nevertheless, cattle farms should be includ-
ed in future monitoring programs, especially because
another coronavirus (i.e., BCoV) is highly prevalent
in the cattle population and a BCoV infection did not
prevent a SARS-CoV-2 infection in a previous study
(3). Furthermore, we do not know the susceptibility
of animal hosts for the Omicron variant. Double in-
fections of individual animals could potentially lead
to recombination between both viruses, a phenome-
non described for other coronaviruses (10). Although
emergence is highly unlikely because of the low sus-
ceptibility of cattle for SARS-CoV-2, a conceivable
chimera between SARS-CoV-2 and BCoV could rep-
resent an additional threat. Hence, ruminants should
be included in outbreak investigations, and regu-
lar screenings should be performed to exclude any
spread of new variants in the livestock population.

This article was originally a preprint (https://www.
biorxiv.org/content/10.1101/2022.01.17.476608v1).
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We analyzed 1,292,165 SARS-CoV-2 test results from
residents and employees of 361 long-term care facilities
in Florida, USA. A 1% increase in testing resulted in a
0.08% reduction in cases 3 weeks after testing began.
Increasing SARS-CoV-2 testing frequency is a viable tool
for reducing virus transmission in these facilities.

esidents of long-term care facilities (LTCFs) in

the United States have suffered a disproportion-
ate number of deaths from SARS-CoV-2 (1). Testing
frequency and result turnaround times may be more
relevant than test sensitivity for infection control
(2,3), information that might be used to guide infec-
tion control efforts in congregate living facilities (4).
Semimonthly testing for SARS-CoV-2 was mandated
in Florida, USA, for all employees and residents of
skilled nursing, elder care, and assisted living facili-
ties beginning June 7, 2020 (5). Comparing data from
before and after the mandate took effect, we evalu-
ated the effect of testing frequency on weekly SARS-
CoV-2 case rates in a real-world setting.

We analyzed deidentified test results from Flor-
ida LTCFs during June 2020-April 2021, aggregated
with the Nursing Home Provider Information dataset
(6), which includes the number of facility beds and
staff and average aid hours per resident. We further
combined our dataset with Johns Hopkins University
SARS-CoV-2 time-series data on rates of hospitaliza-
tion and death (7). For the duration of the study pe-
riod, only care facility staff were permitted entry to
the facilities to limit potential sources of infection.

We used a generalized linear mixed regression
model with weekly cases as a negative binomial ran-
dom count variable to assess how the independent
variables affected test positivity. We created a naive
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