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Notes

Notes from the Editor

Transmission of coronavirus 2 (SARS-CoV-2) be-
tween mink and between mink and humans remain a
focal point for research. Reported studies deal with
understanding of the cross-species transmission of
SARS-CoV-2 including mechanisms facilitating the
transmission, the pathology and pathogenesis of in-
fections in mink as well as recommended precautions
for safe mink farming.

Denmark's mink production was among the world's
largest, but in November 2020 all mink were killed
due to infection with the coronavirus on many farms,
and a ban on mink production was introduced until
the end of 2022. The Danish government has now an-
nounced that mink production in Denmark will be al-
lowed again from January 2023. Farmers must, how-
ever, comply with a number of infection prevention
measures, including testing of mink, use of protective
equipment and hygiene courses.

Feed costs are a problem for the farmer and ineffi-
cient uptake of nutrients by the animals can result in
harmful emissions of e.g. nitrogen and phosphorus to
the environment. Outcomes of presented research
show that breeding for feed utilization and optimal

feed composition can mitigate these undesirable ef-
fects.

Antibiotic use raises concerns about antibiotic-re-
sistant bacteria in a One Health perspective. A new
study shows the complex interplay between antibiotic
use and resistance. The obvious link between antibi-
otic use and antibiotic resistance was shown, but an-
tibiotic resistance was also shown in farms without
antibiotic use.

Whole-genome sequencing is an important research
tool in most domestic animal species for understand-
ing of genetic diversity. Whole-genome sequencing
was performed in mink for the first genome-wide
copy number variation ana-lyses. Copy number vari-
ations are potentially a tool for use in genome anal-
yses, including mapping of genomic structural varia-
tions. Cryobanking as a basis for ex situ conservation
has been documented as a tool for the conservation of
genetic variation in the European mink (Mustela lu-
treola).

Vivi Hunnicke Nielsen

Editor Scientifur
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Abstracts

BREEDING, GENETICS AND REPRODUCTION

Genome-wide detection of copy number variation
in American mink using whole-genome sequencing

Pourya Davoudi’, Duy Ngoc Do’, Bruce Rathgeber’,
Stefanie M Colombo’, Mehdi Sargolzaei2’3, Graham
Plastow4, Zhiquan Wang", Karim Karimi', Guoyu Hu',
Shafagh Valipour', Younes Miar’

'Department of Animal Science and Aquaculture, Dal-
housie University, Truro, NS, Canada.

’Department of Pathobiology, University of Guelph,
Guelph, ON, Canada.

iSelect Sires Inc., Plain City, OH, USA.

’Livestock Gentec, Department of Agricultural, Food
and Nutritional Science, University of Alberta, Ed-
monton, AB, Canada.

’Department of Animal Science and Aquaculture, Dal-
housie University, Truro, NS, Canada.

Background o
Copy number variations (CNVs) represent a major

source of genetic diversity and contribute to the pheno-

typic variation of economically important traits in live-

stock species. In this study, we report the first genome-

wide CNV analysis of American mink using whole-ge-

nome sequence data from 100 individuals. The anal-

yses were performed by three complementary software

programs including CNVpytor, DELLY and Manta.

Results

A total of 164,733 CNVs (144,517 deletions and
20,216 duplications) were identified representing 5378
CNV regions (CNVR) after merging overlapping
CNVs, covering 47.3 Mb (1.9%) of the mink autosomal
genome. Gene Ontology and KEGG pathway enrich-
ment analyses of 1391 genes that overlapped CNVR re-
vealed potential role of CNVs in a wide range of bio-
logical, molecular and cellular functions, e.g., path-
ways related to growth (regulation of actin cytoskele-
ton, and cAMP signaling pathways), behavior (axon
guidance, circadian entrainment, and glutamatergic
synapse), lipid metabolism (phospholipid binding,
sphingolipid metabolism and regulation of lipolysis in
adipocytes), and immune response (Wnt signaling, Fc
receptor signaling, and GTPase regulator activity path-
ways). Furthermore, several CNVR-harbored genes as-
sociated with fur characteristics and development
(MYOS5A, RAB27B, FGF12, SLC7A11, EXOC2), and
immune system processes (SWAP70, FYN, ORAII,
TRPM2, and FOXO3).

Conclusions

This study presents the first genome-wide CNV map of
American mink. We identified 5378 CNVR in the mink
genome and investigated genes that overlapped with
CNVR. The results suggest potential links with mink
behaviour as well as their possible impact on fur quality
and immune response. Overall, the results provide new
resources for mink genome analysis, serving as a
guideline for future investigations in which genomic
structural variations are present.

BMC Genomics 2022 Sep 13,23 (1): 649.
Doi: 10.1186/s12864-022-08874-1.

Genetic and phenotypic parameters for feed effi-
ciency and component traits in American mink

Pourya Davoudi’, Duy Do, Stefanie M Colombo’,
Bruce Rathgeberj, Guoyu Hu', Mehdi Sargolzaei2'3,
Zhiquan Wang4, Graham Plastow”, Younes Miar!

'Department of Animal Science and Aquaculture, Dal-
housie University, Truro, NS, Canada.

’Department of Pathobiology, University of Guelph,
Guelph, ON, Canada.

3Select Sires Inc., Plain City, OH, USA.

‘Livestock Gentec, Department of Agricultural, Food
and Nutritional Science, University of Alberta, Ed-
monton, AB, Canada.

J Anim Sci. 2022 Aug 1;100 (8): skac216.
Doi: 10.1093/jas/skac216.

Cryobanking European Mink (Mustela lutreola)
Mesenchymal Stem Cells and Oocytes

Alexandra Calle’', Miguel Angel Ramirez'

'Department of Animal Reproduction, National Insti-
tute for Agriculture and Food Research and Technol-
ogy (INIA), CSIC, 28040 Madrid, Spain.

The European mink (Mustela lutreola) is one of Eu-
rope's most endangered species, and it is on the brink
of extinction in the Iberian Peninsula. The species' pre-
carious situation requires the application of new ex situ
conservation methodologies that complement the exist-
ing ex situ and in situ conservation measures. Here, we
report for the first time the establishment of a biobank
for European mink mesenchymal stem cells (emMSC)
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and oocytes from specimens found dead in the Iberian
Peninsula, either free or in captivity. New emMSC
lines were isolated from different tissues: bone marrow
(emBM-MSC), oral mucosa (emOM-MSc), dermal
skin (emDS-MSC), oviduct (emO-MSc), endometrium
(emE-MSC), testicular (emT-MSC), and adipose tissue
from two different adipose depots: subcutaneous (em-
SCA-MSC) and ovarian (emOA-MSC). All eight
emMSC lines showed plastic adhesion, a detectable ex-
pression of characteristic markers of MSCs, and, when
cultured under osteogenic and adipogenic conditions,
differentiation capacity to these lineages. Additionally,
we were able to keep 227 Cumulus-oocyte complexes
(COCs) in the biobank, 97 of which are grade I or II.
The European mink MSC and oocyte biobank will al-
low for the conservation of the species' genetic varia-
bility, the application of assisted reproduction tech-
niques, and the development of in vitro models for
studying the molecular mechanisms of infectious dis-
eases that threaten the species' precarious

Int J Mol Sci. 2022 Aug 18; 23 (16). 9319.
Doi: 10.3390/ijms23169319.

Effects of Dietary Inclusion of Spirulina platen-
sis on the Reproductive Performance of Female
Mink

Anna Maria latrou’, Georgios A. Papadopoulo’, Ilias
Giannenas®’, Aristotelis Lymberopoulos3, Paschalis
Fortomaris'

'Laboratory of Animal Husbandry, School of Veteri- o
nary Medicine, Faculty of Health Sciences, Aristotle
University of Thessaloniki, 54124 Thessaloniki,
Greece.

’Laboratory of Nutrition, School of Veterinary Medi-
cine, Faculty of Health Sciences, Aristotle University
of Thessaloniki, 54124 Thessaloniki, Greece.
Laboratory of Farm Animal Reproduction and
Breeding, Division of Animal Science, Department of
Agriculture, School of Geosciences, International
Hellenic University, 57400 Thessaloniki, Greece.

The objective of this study was to investigate the im-
pact of providing Spirulina platensis (Spirulina) on re-
productive performance of female mink. A total of 100
adult brown female mink (Mustela vison) were ran-
domly and equally allocated to control group (C
group), in which mink were fed basal diet and Spirulina
group (Sp group), where mink received basal diet sup-
plemented with 100 mg of Spirulina/kg of body weight.
The experiment lasted 5 months, starting from 1 month
prior to mating till kit weaning. Weight gain during pre-

mating period was higher in Sp group compared to C
group (p &lt; 0.001). Sp group remained heavier until
the onset of lactation. Subsequently, mink of Sp group
lost more weight than C group (p &It; 0.001) but with-
out an adverse effect on kit survival. A tendency for a
higher whelping rate was detected in Sp group
(93.61%) compared to C group (81.25%) (p = 0.07).
Litter size, as well as weight of kits at weaning, did not
differ between groups (p &gt; 0.10). Finally, Sp group
weaned numerically more kits compared to C group.
Results obtained here showed that Spirulina treated an-
imals tended to an increased whelping rate.

Vet Sci. 2022 Aug 12, 9 (8).: 428.
Doi: 10.3390/vetsci9080428.

NUTRITION, FEEDING AND MANAGEMENT

Effects of Dietary Protein and Energy Levels on
Growth Performance, Nutrient Digestibility, and
Serum Biochemical Parameters of Growing Male
Mink (Neovison vison)

Feifei Han'?, Jing Wang’, Lihong Chen’, Wei Zhong'

!Animal Science and Technology College, Jilin Agri-
cultural Science and Technology College, Jilin,
China.

“State Key Laboratory of Special Economic Animal
Molecular Biology, Institute of Economic Animal and
Plant Science, Chinese Academy of Agriculture Sci-
ences, Changchun, China.

The objective of this experiment was to determine the
optimum dietary metabolic energy (ME) and crude pro-
tein (CP) levels of growing male mink. One hundred
forty-four healthy male minks at 75 days were ran-
domly allocated into the six groups with 24 replicates,
which was one mink for each replicate. The mink were
fed six experimental diets with two CP levels (31.59
and 35.63%) and three ME levels (14.17, 15.96, and
17.73 MJ/kg) for a 7-day preliminary period and then
for an 88-day experimental period. The final body
weight (BW), average daily gain (ADG), feed conver-
sion ratio (FCR), fat digestibility, energy intake, the
concentration of glucose (GLU), and low-density lipo-
protein (LDL) of the mink were significantly increased
by the CP or ME levels (P < 0.05). In addition, CP lev-
els significantly (P < 0.01) increased the N intake and
N retention. Dietary ME levels increased the utilization
of gross energy. Obviously, there were significant CP
x ME interactions for the final BW, ADG, fat digesti-
bility, energy utilization, GLU, LDL (P <0.01), and tri-
glyceride contents (P < 0.05). Therefore, the optimum
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Abstracts

CP and ME levels were 35.97% and 18.18 MJ/kg,
which can improve growth, enhance nutrient digestion,
and promote blood lipid metabolism in growing mink.
Front Vet Sci. 2022 Jul 18; 9: 961461.

Doi: 10.3389/fvets.2022.961461. eCollection 2022.

Effect of Dietary Supplementation with Calcium,
Phosphorus and Vitamin D ; on Growth Perfor-
mance, Nutrient Digestibility, and Serum Biochem-
ical Parameters of Growing Blue Foxes

Jiayu Liu'’, Zhiheng Du/, Ting Li', Yinan Xu', Jing
LV, Xiujuan Bai', Yuan Xu', Guangyu Li’

!College of Animal Sciences and Technology, North-
east Agricultural University, Harbin 150030, China.
’Branch of Animal Husbandry and Veterinary of Hei-
longjiang Academy of Agricultural Sciences, Qigihar
161005, China.

College of Animal Science and Technology, Qingdao
Agricultural University, Qingdao 266109, China.

Based on the randomized design, a 3 x 3 factorial ex-
periment was designed to examine the effects of dietary
calcium (Ca), phosphorus (P), and vitamin D3 (VD3)
supplemental levels with a fixed 1.5/1 ratio of Ca to P
on the growth performance, nutrient digestibility, and
serum biochemical indices blue foxes' growth. In total,
135 male blue foxes with the age of 60 days were ran-
domly divided into 9 groups each with 15 blue foxes.
The blue foxes belonging to the nine treatment groups
were fed Ca supplementation (0%, 0.4%, or 0.8%) and
VD3 supplementation (1000, 2000, or 4000 IU/kg
DM). The base diet contained 0.8% Ca and 327 1U/kg
VDs. The dosage of VD3 in blue foxes showed a signif-
icant impact on their growth performance (p &lt; 0.05).
The Ca dosage had a linear effect on the digestibility of
the CP and carbohydrates (CHO) (p &lt; 0.05). In con-
clusion, the results indicated that the Ca and VD3 doses
showed promising effects on growth performance and
nutrient digestibility in growing blue foxes and could
reduce fecal N and P via improvement in protein and P
utilization.

Animals (Basel). 2022 Jul 15; 12 (14): 1814.
Doi: 10.3390/anil2141814.

A three-dimensional reconstructive study of pelvic
cavity in the red fox (Vulpes vulpes)

Sema Ozkadif', Ayse Haligur', Emrullah Eken’ .

'Department of Anatomy, Faculty of Ceyhan Veteri-
nary Medicine, Cukurova University, Adana, Turkey.
’Department of Anatomy, Faculty of Veterinary Medi-
cine, Selcuk University, Konya, Turkey.

Anat Histol Embryol. 2022 Mar; 51(2): 215-220.
Doi: 10.1111/ahe. 12780. Epub 2021 Dec 26.

Morphometric analysis of the red fox molar teeth
in Lithuania

Eugenijus Jurgelénas’, Indré Jasineviciité', Sigita
Kerziené®, Linas Daugnora3

'Department of Anatomy and Physiology, Veterinary
Academy, Lithuanian University of Health Sciences,
Kaunas, Lithuania.

’Department of Animal Breeding, Veterinary Acad-
emy, Lithuanian University of Health Sciences, Kau-
nas, Lithuania.

3 Institute of Baltic Region History and Archaeology,
Klaipéda University, Klaipéda, Lithuania.

Anat Histol Embryol. 2022 Jul; 51 (4): 452-458.
Doi: 10.1111/ahe.12809. Epub 2022 May 3.

HEALTH AND DISEASE

Association between Antibiotic Consumption and
Resistance in Mink Production

Nanett Kvist Nikolaisen"’, Mette Fertner’, Desiree
Corvera Klove Lassen’, Chaza Nazih Chehabi', Amir
Atabak Ronaghinia2‘4, Mariann  Chriél’, Vibeke
Frokjcer Jensen®, Lars Bogo Jensen', Karl Pedersen’,
Tina Struve’

!Research Group for Microbiology and Hygiene, Na-
tional Food Institute, Technical University of Den-
mark, 2800 Kongens Lyngby, Denmark.

’Department of Health and Diagnostics, Kopenhagen
Fur am.b.a., 2600 Glostrup, Denmark.

Center for Diagnostics, Technical University of Den-
mark, 2800 Kongens Lyngby, Denmark.

‘Department of Veterinary and Animal Sciences, Fac-
ulty of Health and Medical Sciences, University of
Copenhagen, 1870 Frederiksberg, Denmark.
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Antibiotic consumption is considered to be a main
driver of antibiotic resistant bacteria. Mink breeding
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follows a distinctive seasonal reproduction cycle, and
all of the mink produced in the northern hemisphere are
bred, born, and pelted around the same time of year.
Some of the diseases are age-related, which is reflected
in the seasonal variation of antibiotic consumption. The
seasonality makes mink a good model for the investi-
gation of the association between antibiotic consump-
tion and resistance. The objectives of this study were
(1) to monitor the farm level of antibiotic resistance
during one production cycle and (2) to assess the po-
tential associations between antibiotic consumption
and resistance. Twenty-four farms were included in this
study (Denmark n = 20, Iceland n = 2, and The Nether-
lands n = 2), following a cohort of animals born in
2018. Staphylococcus delphini and Escherichia
coli were isolated from samples of the carcasses and
faeces and were collected randomly. The isolates were
susceptibility tested and subsequently divided into the
sensitive wildtype (WT) and the resistant non-wildtype
(NWT) populations. The antibiotic consumption rela-
tive to the sampling periods was assessed as having a
short-term or a long-term impact, i.e., in two explana-
tory factors. For both S. delphini and E. coli, a large be-
tween-farm variation of NWT profiles was detected. In
the final multivariable, generalized linear mixed mod-
els, significant associations between NWT isolates and
the consumption of specific antibiotics were found: the
short-term use of tetracyclines in the growth period was
associated with the occurrence of tetracycline NWT E.
coli in the growth period (OR: 11.94[1.78; 89.28]), and
the long-term use of macrolide and tetracyclines was
associated with the occurrence of erythromycin
NWT S. delphini in the weaning period (OR: 18.2
[2.26; 321.36]) and tetracycline NWT S. delphini in the
growth period (OR: 8.2 [1.27; 63.31]), respectively.e
Farms with zero consumption in the study years prior
to sampling also had a substantial proportion of NWT
isolates, indicating that NWT isolates are persistent
and/or widely spread in the environment. Generally, a
high occurrence of tetracycline NWTs was observed.
NWT isolates with resistance against the most com-
monly used antibiotics were found on all the farms,e
stressing the need for routine surveillance and the pru-
dent use of antibiotics. The results offer a preview of
the complex relationship between consumption and re-
sistance, demonstrating some significant associations
between use and resistance. Moreover, antibiotic-re-
sistant bacteria are present even on farms with no anti-
biotic consumption over extended periods, and theoret-
ical explanations supported by the data are offered.

Antibiotics (Basel) 2022, Jul 9; 11 (7): 927.
Doi: 10.3390/antibiotics11070927.
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Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is transmitted between humans and
minks, and some mutations in the spike (S) protein, es-
pecially in the receptor-binding domain (RBD), have
been identified in mink-derived viruses. Here, we ex-
amined binding of the mink angiotensin-converting en-
zyme 2 (ACE2) receptor to mink-derived and im-
portant human-originating variants, and we demon-
strated that most of the RBD variants increased the
binding affinities to mink ACE2 (mkACE2). Cryo-
electron microscopy structures of the mkACE2-RBD
Y453F (with a Y-to-F change at position 453) and
mkACE2-RBD F486L complexes helped identify the
key residues that facilitate changes in mkACE2 binding
affinity. Additionally, the data indicated that the Y453F
and F486L mutations reduced the binding affinities to
some human monoclonal antibodies, and human vac-
cinated sera efficiently prevented infection of human
cells by pseudoviruses expressing Y453F, F486L, or
N501T RBD. Our findings provide an important mo-
lecular mechanism for the rapid adaptation of SARS-
CoV-2 in minks and highlight the potential influence of
the main mink-originating variants for humans. IM-
PORTANCE Severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) has a broad range of hosts.
Mink-derived SARS-CoV-2 can transmit back to hu-
mans. There is an urgent need to understand the binding
mechanism of mink-derived SARS-CoV-2 variants to

mink receptor. In this study, we identified all mutations
in the receptor-binding domain (RBD) of spike (S) pro-
tein from mink-derived SARS-CoV-2, and we demon-
strated the enhanced binding affinity of mink angioten-
sin-converting enzyme 2 (ACE2) to most of the mink-
derived RBD variants as well as important human-orig-
inating RBD variants. Cryo-electron microscopy struc-
tures revealed that the Y453F and F486L mutations en-
hanced the binding forces in the interaction interface.
In addition, Y453F and F486L mutations reduced the
binding affinities to some human monoclonal antibod-
ies, and the SARS-CoV-2 pseudoviruses with Y453F,
F486L, or N501T mutations were neutralized by hu-
man vaccinated sera. Therefore, our results provide
valuable information for understanding the cross-spe-
cies transmission mechanism of SARS-CoV-2.

J Virol. 2022 Sep 14; 96 (17): e0081422.
Doi: 10.1128/jvi.00814-22. Epub 2022 Aug 24.

Histopathology and localization of SARS-CoV-2
and its host cell entry receptor ACE2 in tissues
from naturally infected US-farmed mink (Neovison
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Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) causes respiratory disease in mink sim-
ilar to human COVID-19. We characterized the patho-
logical findings in 72 mink from US farms with SARS-
CoV-2 outbreaks, localized SARS-CoV-2 and its host
cellular receptor angiotensin-converting enzyme 2
(ACE2) in mink respiratory tissues, and evaluated the
utility of various test methods and specimens for
SARS-CoV-2 detection in necropsy tissues. Of SARS-
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CoV-2-positive animals found dead, 74% had bronchi-
olitis and diffuse alveolar damage (DAD). Of eu-
thanized SARS-CoV-2-positive animals, 72% had only
mild interstitial pneumonia or minimal nonspecific
lung changes (congestion, edema, macrophages); simi-
lar findings were seen in SARS-CoV-2-negative ani-
mals. Suppurative rhinitis, lymphocytic perivascular
inflammation in the lungs, and lymphocytic infiltrates
in other tissues were common in both SARS-CoV-2-
positive and SARS-CoV-2-negative animals. In forma-
lin-fixed paraffin-embedded (FFPE) upper respiratory
tract (URT) specimens, conventional reverse transcrip-
tion-polymerase chain reaction (cCRT-PCR) was more
sensitive than in situ hybridization (ISH) or immuno-
histochemistry (IHC) for detection of SARS-CoV-2.
FFPE lung specimens yielded less detection of virus
than FFPE URT specimens by all test methods. By [HC
and ISH, virus localized extensively to epithelial cells
in the nasal turbinates, and prominently within intact
epithelium; olfactory mucosa was mostly spared. The
SARS-CoV-2 receptor ACE2 was extensively detected
by IHC within turbinate epithelium, with decreased de-
tection in lower respiratory tract epithelium and alveo-
lar macrophages. This study expands on the knowledge
of the pathology and pathogenesis of natural SARS-
CoV-2 infection in mink and supports their further in-
vestigation as a potential animal model of SARS-CoV-
2 infection in humans.

Vet Pathol. 2022 Jul; 59 (4): 681-695.
Doi: 10.1177/03009858221079665. Epub 2022 Mar 1.
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SARS-CoV-2, the virus responsible for COVID-19 in
humans, can efficiently infect a large number of animal
species. Like any virus, and particularly RNA viruses,
SARS-CoV-2 undergoes mutations during its life cycle
some of which bring a selective advantage, leading to
the selection of a given lineage. Minks are very suscep-
tible to SARS-CoV-2 and owing to their presence in

mass rearing, they make a good model for studying the
relative importance of mutations in viral adaptation to
host species. Variants, such as the mink-selected
SARS-CoV-2 Y453F and D614G or H69del/V70del,
Y453F, 1692V and M 12291 were identified in humans
after spreading through densely caged minks. How-
ever, not all mink-specific mutations are conserved
when the virus infects human populations back. Many
questions remain regarding the interspecies evolution
of SARS-CoV-2 and the dynamics of transmission
leading to the emergence of new variant strains. We
compared the human and mink ACE2 receptor struc-
tures and their interactions with SARS-CVoV-2 vari-
ants. In minks, ACE2 presents a Y34 amino acid in-
stead of the H34 amino acid found in the human ACE2.
H34 is essential for the interaction with the Y453 resi-
due of the SARS-CoV-2 Spike protein. The Y453F
mink mutation abolishes this conflict. A series of 18
mutations not involved in the direct ACE2 interaction
was observed in addition to the Y453F and D614G in
16 different SARS-CoV-2 strains following bidirec-
tional infections between humans and minks. These
mutations were not random and were distributed into
five different functional groups having an effect on the
kinetics of ACE2-RD interaction. The interspecies
transmission of SARS-CoV-2 from humans to minks
and back to humans, generated specific mutations in
each species which improved the affinity for the ACE2
receptor either by direct mutation of the core 453 resi-
due or by associated compensatory mutations.

One Health. 2022 Dec; 15: 100429.
Doi: 10.1016/j.0onehlt.2022.100429.
Epub 2022 Aug 29.
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SARS-CoV-2 has RNA as the genome, which makes
the virus more prone to mutations. Occasionally, muta-
tions help a virus to cross the species barrier. SARS-
CoV-2 infections in humans and minks (Neovison vi-
son) are examples of zoonotic spillover. Many studies
on the mutational analysis of human-derived SARS-
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CoV-2 have been published, but insight into the mink-
derived SARS-CoV-2 genome of mutations is still re-e
quired. Here, we performed a mutation analysis of thes
mink-derived SARS-CoV-2 genome sequences. We
analyzed all available full-length mink-derived SARS-
CoV-2 genome sequences on GISAID (214 genome se-
quences from the Netherlands and 133 genome se-
quences from Denmark). We found a striking resem-
blance between human-derived and mink-derived
SARS-CoV-2. Our study showed that mutation pat-
terns in the SARS-CoV-2 genome samples from the
Netherlands and Denmark were different. Out of the
201 mutations we found, only 13 mutations were
shared by the Netherlands' and Denmark's mink-de-
rived samples. We found that six mutations were prev-
alent in the mink-derived SARS-CoV-2 genomes, and
these six mutations are also known to be prevalent in
human-derived SARS-CoV-2 variants. Our study re-
veals that the G27948T mutation in SARS-CoV-2 leads
to truncation of ORF8, which was also reported in hu-
man-derived SARS-CoV-2, thus indicating that the vi-
rus can replicate without the full-length ORFS. These
resemblances between mink-derived and human-de-
rived SARS-CoV-2 enable the virus to cross the species
barrier and suggest mink a potential reservoir for the
virus.

Vaccines (Basel). 2022 Aug 19, 10 (8): 1352.
Doi: 10.3390/vaccines10081352.
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This study described a SARS-CoV-2 infection in minks
on an Italian farm. Surveillance was performed based
on clinical examination and a collection of 1879 swabs
and 74 sera from dead and live animals. The farm was
placed under surveillance for 4.5 months, from the end
of July 2020, when a man working on the farm tested
positive by RT-PCR, till mid-December 2020 when all
the animals were sacrificed. Clinical examination re-
vealed no clinical signs or increased mortality rates at-
tributable to SARS-CoV-2, while diagnostic tests de-
tected only four weak PCR-positive samples, but 100%
of sera were positive for SARS-CoV-2 anti-S antibod-
ies. The phylogenetic analysis of two SARS-CoV-2 se-
quences from two minks and the sequence of the
worker showed that they belonged to different clades.
It could be therefore assumed that two distinct intro-
ductions of the virus occurred on the farm, and that the
first introduction probably occurred before the start of
the surveillance period. From the data collected, and
especially from the detection of specific antibodies
through the combination of different tests, it can be
postulated that syndromic surveillance combined with
genome detection by PCR may not be sufficient to
achieve a diagnosis in asymptomatic animals. In partic-
ular, the serological approach, especially when using
tests directed towards the S protein, may be useful for
improving the traceability of virus circulation in similar
environments.

Viruses. 2022 Aug 8; 14 (8): 1738.
Doi: 10.3390/v14081738.

Risks of SARS-CoV-2 transmission between free-
ranging animals and captive mink in the Nether-
lands

Reina S Sikkema', Lineke Begemanj, René Janssen’,
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Ebl&’, Wim H M van der Poel’, Judith M A van den
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In the Netherlands, 69 of the 126 (55%) mink farms in
total became infected with SARS-CoV-2 in 2020. De-
spite strict biosecurity measures and extensive epide-
miological investigations, the main transmission route
remained unclear. A better understanding of SARS-
CoV-2 transmission between mink farms is of rele-
vance for countries where mink farming is still com-
mon practice and can be used as a case study to improve
future emerging disease preparedness. We assessed
whether SARS-CoV-2 spilled over from mink to free-
ranging animals, and whether free-ranging animals
may have played a role in farm-to-farm transmission in
the Netherlands. The study encompassed farm visits,
farm questionnaires, expert workshops and SARS-
CoV-2 RNA and antibody testing of samples from tar-
get animal species (bats, birds and free-ranging carni-
vores). In this study, we show that the open housing
system of mink allowed access to birds, bats and most
free-ranging carnivores, and that direct and indirect
contact with mink was likely after entry, especially for
free-ranging carnivores and birds. This allowed SARS-
CoV-2 exposure to animals entering the mink farm, and
subsequent infection or mechanical carriage by the tar-
get animal species. Moreover, mink can escape farms
in some cases, and two SARS-CoV-2-positive mink
were found outside farm premises. No other SARS-
CoV-2-RNA-positive free-ranging animals were de-
tected, suggesting there was no abundant circulation in
the species tested during the study period. To investi-
gate previous SARS-CoV-2 infections, SARS-CoV-2
antibody detection using lung extracts of carcasses was
set up and validated. One tested beech marten did have
SARS-CoV-2 antibodies, but the closest SARS-CoV-
2-infected mink farm was outside of its home range,
making infection at a mink farm unlikely. Knowing
that virus exchange between different species and the
formation of animal reservoirs affects SARS-CoV-2
evolution, continued vigilance and monitoring of mink
farms and surrounding wildlife remains vital.

Transbound Emerg Dis. 2022 Aug 21.
Doi: 10.1111/tbed.14686. Online ahead of print.

Manifestation of SARS-CoV-2 Infections in Mink
Related to Host-, Virus- and Farm-Associated Fac-
tors, The Netherlands 2020
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Molenaar’, Jan de Rond’, J C M Vernoog'jI, Paola A
Meijer”, Bas B Oude Munnink®, Reina S Sikkema®,
Arco N van der Spek’, Marcel A H Spierenburg’, Re-
nate W Hakze-van der Honingé, Wim H M van der
Poel’, Marion P G Koopmans", J Arjan Stegemanl,
Lidwien A M Smit’, Maricke Augustl']'n—Schretlen3,
Francisca C Velkers'

'Department of Population Health Sciences, Faculty
of Veterinary Medicine, Utrecht University, 3584 CL
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SARS-CoV-2 outbreaks on 69 Dutch mink farms in
2020 were studied to identify risk factors for virus in-
troduction and transmission and to improve surveil-
lance and containment measures. Clinical signs, labor-
atory test results, and epidemiological aspects were in-
vestigated, such as the date and reason of suspicion,
housing, farm size and distances, human contact struc-
ture, biosecurity measures, and presence of wildlife,
pets, pests, and manure management. On seven farms,
extensive random sampling was performed, and age,
coat color, sex, and clinical signs were recorded. Mild
to severe respiratory signs and general diseases such as
apathy, reduced feed intake, and increased mortality
were detected on 62/69 farms. Throat swabs were more
likely to result in virus detection than rectal swabs.
Clinical signs differed between virus clusters and were
more severe for dark-colored mink, males, and animals
infected later during the year. Geographical clustering
was found for one virus cluster. Shared personnel could
explain some cases, but other transmission routes ex-
plaining farm-to-farm spread were not elucidated. An
early warning surveillance system, strict biosecurity
measures, and a (temporary) ban on mink farming and
vaccinating animals and humans can contribute to re-
ducing the risks of the virus spreading and acquisition
of potential mutations relevant to human and animal
health.
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SARS-CoV-2 Outbreak on a Spanish Mink Farm:
Epidemiological, Molecular, and Pathological
Studies
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*Instituto de Biomedicina de Valencia-Consejo Supe-
rior de Investigaciones Cientificas (IBV-CSIC),
CIBER in Epidemiology and Public Health, Valencia,
Spain.

Farmed minks have been reported to be highly suscep-
tible to severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) and may represent a risk to humans.
In this study, we describe the first outbreak of SARS-
CoV-2 occurred on a mink farm in Spain, between June
and July 2020, involving 92,700 animals. The outbreak
started shortly after some farm workers became sero-
positive for SARS-CoV-2. Minks showed no clinical
signs compatible with SARS-CoV-2 infection through-
out the outbreak. Samples from 98 minks were col-
lected for histopathological, serological, and molecular
studies. Twenty out of 98 (20.4%) minks were positive
by RT-qPCR and 82 out 92 (89%) seroconverted. This
finding may reflect a rapid spread of the virus at the
farm with most of the animals overcoming the infec-
tion. Additionally, SARS-CoV-2 was detected by RT-
gPCR in 30% of brain samples from positive minks.
Sequencing analysis showed that the mink sequences
were not closely related with the other mink SARS-
CoV-2 sequences available, and that this mink outbreak
has its probable origin in one of the genetic variants that
were prevalent in Spain during the first COVID-19 ep-
idemic wave. Histological studies revealed bron-

chointerstitial pneumonia in some animals. Im-
munostaining of viral nucleocapsid was also observed
in nasal turbinate tissue. Farmed minks could therefore
constitute an important SARS-CoV-2 reservoir, con-
tributing to virus spread among minks and humans.
Consequently, continuous surveillance of mink farms
is needed.

Front Vet Sci. 2022 Jan 21; 8: 805004.
Doi: 10.3389/fvets.2021.805004. eCollection 2021.

Ferrets are valuable models for SARS-CoV-2 re-
search

Malgorzata Ciurkiewicz', Federico Armando’, Tom
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Vanessa Krupp—BuzimikicI'z, Giilsah Gabriel"?, Maren
von Kéckritz-Blickwede', Wolfgang Baumgiirtner’,
Claudia Schulz', Ingo Gerhauser!

"University of Veterinary Medicine Hannover, Foun-
dation, Hannover, Germany.

’Heinrich Pette Institute, Leibniz Institute for Experi-
mental Virology, Hamburg, Germany.

Coronavirus disease 2019 (COVID-19), caused by se-
vere acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), resulted in an ongoing pandemic with millions
of deaths worldwide. Infection of humans can be
asymptomatic or result in fever, fatigue, dry cough,
dyspnea, and acute respiratory distress syndrome with
multiorgan failure in severe cases. The pathogenesis of
COVID-19 is not fully understood, and various models
employing different species are currently applied. Fer-
rets can be infected with SARS-CoV-2 and efficiently
transmit the virus to contact animals. In contrast to
hamsters, ferrets usually show mild disease and viral
replication restricted to the upper airways. Most reports
have used the intranasal inoculation route, while the in-
tratracheal infection model is not well characterized.
Herein, we present clinical, virological, and pathologi-
cal data from young ferrets intratracheally inoculated
with SARS-CoV-2. Infected animals showed no signif-
icant clinical signs, and had transient infection with
peak viral RNA loads at 4 days postinfection, mild to
moderate rhinitis, and pulmonary endothelialitis/vascu-
litis. Viral antigen was exclusively found in the respir-
atory epithelium of the nasal cavity, indicating a partic-
ular tropism for cells in this location. Viral antigen was
associated with epithelial damage and influx of inflam-
matory cells, including activated neutrophils releasing
neutrophil extracellular traps. Scanning electron mi-
croscopy of the nasal respiratory mucosa revealed loss
of cilia, shedding, and rupture of epithelial cells. The
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Scientifur, Vol. 46, No. 4, 2022

currently established ferret SARS-CoV-2 infection
models are comparatively discussed with SARS-CoV-
2 pathogenesis in mink, and the advantages and disad-
vantages of both species as research models for zoono-
tic betacoronaviruses are highlighted.

Vet Pathol. 2022 Jul; 59 (4): 661-672.
Doi: 10.1177/03009858211071012. Epub 2022 Jan 8.

Divergent Cryptosporidium species and host-
adapted Cryptosporidium canis subtypes in farmed
minks, raccoon dogs and foxes in Shandong, China

Weijian Wang', Yanting Wei', Shuhui Cao’, Wenjie
Wu', Wentao Zhao', Yagiong Guo', Lihua Xiao', Yaoyu
Fengl, Na Li’

'Guangdong Laboratory for Lingnan Modern Agricul-
ture, Center for Emerging and Zoonotic Diseases,
College of Veterinary Medicine, South China Agricul-
tural University, Guangzhou, China.

Cryptosporidium spp. are common parasitic pathogens
causing diarrhea in humans and various animals. Fur
animals are widely farmed in Shandong Province,
China, but the prevalence and genetic identity of Cryp-
tosporidium spp. in them are unclear. In this study,
1,211 fecal samples were collected from 602 minks,
310 raccoon dogs and 299 foxes on two farms in Shan-
dong and analyzed for Cryptosporidium spp. by nested
PCR and sequence analyses of the small subunit rRNA
gene. The overall infection rate of Cryptosporid-
ium spp. was 31.5% (381/1,211), with a higher infec-
tion rate in raccoon dogs (37.7%, 117/310) than in
foxes (32.4%, 97/299) and minks (27.7%, 167/602). By
age, the highest infection rates of Cryptosporid-
ium spp. were observed in raccoon dogs of 1-2 months,
minks of 5-6 months, and foxes of > 12 months.
Three Cryptosporidium species and genotypes were
detected, including C. canis (n= 279), C. melea-
gridis (n= 65) and Cryptosporidium mink genotype
(n=37). Among the three major host species, raccoon
dogs were infected with C. canis only (n = 117), while
foxes were infected with both C. canis (n = 32) and C.
meleagridis (n= 65), and minks with C. canis (n=
130) and Cryptosporidium mink genotype (n= 37).
Subtyping of C. canis by sequence analysis of the 60
kDa glycoprotein gene identified eight subtypes. They
belonged to two known subtype families, XXa and
XXd, and two novel subtype families XXf and XXg,
with host adaptation at the subtype family level. Nota-
bly, C. canis from foxes was genetically distant from
those in other hosts. Further subtyping analysis identi-
fied three subtypes (IlleA21G2R1, [lIleA19G2R1 and

IIIeA17G2R1) of C. meleagridis and two novel sub-
type families Xf and Xg of the Cryprosporidium mink
genotype. The presence of zoonotic C. canis subtypes
in raccoon dogs and C. meleagridis subtypes in foxes
suggests that these fur animals might be potential res-
ervoirs for human-pathogenic Cryptosporidium spp.

Front Cell Infect Microbiol. 2022 Aug 22; 12: 980917.
Doi: 10.3389/fcimb.2022.980917. eCollection 2022.
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