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Supplementary winter feeding of semi-domesticated reindeer (Rangifer tarandus
tarandus) has become more common in Sweden and Norway due to reindeer pasture
fragmentation and climatic conditions. With increased corralling and feeding, often
associated with animal stress, increased animal-to-animal contact, and poor hygienic
conditions, an altered range of health challenges and diseases may emerge. An outbreak
of three different infectious diseases appeared simultaneously in a reindeer herd in
Norrbotten County, Sweden. The animals were corralled and fed silage. Several animals
in poor body condition stopped eating, with drool and discoloration of the hair coat
around the mouth. There were large, black, necrotic lesions on the tongue and gingiva,
with holes perforating the chin, indicative of oral necrobacillosis and Fusobacterium spp.
infection. Simultaneously, animals were seen with proliferative lesions in the oral mucosa
and on the lips, characteristic of contagious ecthyma and Orf virus infection. Furthermore,
three animals had keratoconjunctivitis suggesting exposure to cervid herpesvirus 2
(CvHV2) and possibly secondary bacterial infections. DNA specific for Fusobacterium
necrophorum and ORFV was detected in relevant tissue samples. Antibodies against
CvHV2 were detected in 10 of 13 diseased and in four of 11 apparently healthy reindeer.
Nine animals were found dead or were euthanized during the outbreak. Health risk
factors associated with feeding and corralling may severely impact animal welfare and
the herder’s economy, and may represent an underestimated cost when replacing natural
grazing with feeding.

Keywords: alphaherpesvirus, contagious ecthyma, Fusobacterium, parapoxvirus, supplementary feeding,
zoonosis

INTRODUCTION

In Sweden and Norway, semi-domesticated reindeer (Eurasian tundra reindeer; Rangifer tarandus
tarandus) are for most part of the year free-ranging, grazing on vast, and remote mountain
pastures. Feeding was traditionally conducted only when animals were held for draft and milking,
and if the herd had to be corralled over a number of days. During the last decades, however,
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feeding has become more common (1). Reindeer are fed after
rain-on-snow events, that create ice-locked pastures, and for
gathering and protection against predators. However, reindeer
are also increasingly being fed on a more regular basis,
as a supplement to natural pastures due to restrictions on
pasture resources. Feeding during late winter and early spring,
is especially relevant for pregnant females at a point when
energy reserves are diminishing (2, 3). Since knowledge on
how to successfully feed reindeer has increased, along with the
availability of suitable reindeer feed (1, 4), a trend of giving
economic compensation for feeding is increasingly offered to
herders when the reindeer pastures need to be exploited for other
purposes, such as establishing new infrastructure. Corralling
and feeding reindeer full daily rations over a period of time is
often associated with stress, increased animal-to-animal contact
and challenging hygienic conditions (1), factors that together,
compounded by poor feed quality, may facilitate the appearance
of diseases.

Orf virus (ORFV; genus Parapoxvirus, family Poxviridae)
is distributed worldwide in sheep and goats, but may
infect a wide range of wild ruminant species (5) and is
also zoonotic, causing painful skin lesions in man (6). In
reindeer, ORFV cause the disease contagious ecthyma (syn.
contagious pustular dermatitis), with characteristic proliferative
“cauliflower-like” lesions at the muco-cutaneous junctions
of the mouth and nose, as well as in the oral mucosa (7).
Contagious ecthyma was reported in reindeer under natural
herding conditions in Sweden in 1973 (8) and in Norway
in 2001 (9), but has rarely been diagnosed since in these
countries. This sporadic occurrence is in contrast to the
situation in Finland, where it has been diagnosed virtually
every year since the winter of 1992-1993 (7), when about
400 reindeer succumbed and about 2,800 were affected
(10). Later outbreaks in Finland have been associated with
pseudocowpoxvirus (PCPV), a parapoxvirus with a cattle
reservoir (11).

Necrobacillosis is caused by Fusobacterium necrophorum,
a Gram-negative rod-shaped, toxin-producing bacterium (12).
Digital necrobacillosis was a well-known and feared disease in
semi-domesticated reindeer in the seventeenth and eighteenth
century (13, 14). Necrobacillosis is characterized by severe
lesions on the hooves (digital form) and in the gastrointestinal
tract (oral form), sometimes causing severe disease outbreaks
affecting many animals (15, 16). The bacterium is a part of
the normal rumen and fecal microbiota in reindeer (17), and
disease outbreaks were often seen in animals corralled for
milking, and under wet and poor hygienic conditions (18, 19).
Digital necrobacillosis is rarely reported from Fennoscandian
reindeer herds today, but the oral form seems to have become
more common (16, 20). Fusobacterium necrophorum is also
increasingly reported as a zoonosis (21).

The reindeer alphaherpesvirus, cervid herpesvirus 2 (CvHV?2),
is enzootic in the Fennoscandian reindeer population (22—
24). The virus may cause upper respiratory tract infection
in reindeer, and is also transferred from mother to fetus,
with a potential for abortion and weak borne calves (7, 22).
Mucosal lesions in the mouth and eyes caused by CvHV2 may

facilitate secondary infections by opportunistic pathogens, such
as ORFV, Fusobacterium necrophorum, and other species of
bacteria (7, 25-27).

CASE REPORT

We present a disease outbreak in Norrbotten County, Northern
Sweden, in March 2016, in a herd of semi-domesticated
reindeer corralled for winter feeding, displaying necrotizing, and
proliferative mucosal and skin lesions as well as eye infections.

The reindeer herd was corralled and fed silage due to ice-
locked winter pastures and acute food shortage. After 1 month
in the initial corral the herder registered that one calf (<1 year
old) in good body condition started to cough, with increasing
severity. The calf stopped eating and died a few days later (March
20th) (Table 1, 1H). The herd was thereafter herded to the
calving ground. Upon arrival in the second corral (March 29th),
a 2-year-old reindeer stopped eating and had a severely foul odor
from the mouth with a perforation through the chin. Upon closer
inspection, large wounds were found in the oral mucosa of the
palate and the gingiva and the animal was euthanized (Table 1,
2H). The herder subsequently registered more animals that were
drooling with eating difficulties. On April 3rd, the owner found a
calf on the mountain pasture, in good condition, but with a severe
necrotizing lesion on the tongue, with large parts of the tongue
missing. This animal was euthanized and the tongue secured for
diagnostic analyses (Table 1, 3H). On the same day, an adult
female that had lost weight and recently aborted her fetus, was
found with a hole in the chin and was euthanized (Table 1, 4H).

Due to the severity of the clinical signs observed, the reindeer
herder consulted veterinary services. When the veterinarian
arrived (April 5th), the herder had divided the animals in one
“healthy corral” (HC) with animals with no apparent disease
signs and one “diseased corral” (DC) with animals with various
disease signs. The rest of the herd was looked after on the
surrounding mountain pasture (MP). Clinical cases that were
investigated, sampled, and analyzed are presented in Table 1.
After the veterinary visit, the herder registered four more animals
with oral clinical signs (Table 1, 5H—8H) during the period April
5th—9th. Except for the first case (March 20th), the main disease
outbreak was registered and evaluated in the new corrals during
a 12 days period (March 29th-April 9th).

Samples obtained from the animals evaluated by the herder
(n = 8; March 20th—April 9th) were the tongue from animal
3H and the head from animal 8H. In addition, the veterinarian
carried out a thorough clinical investigation of 11 reindeer
in HC and 13 in DC with multiple samples taken (blood,
swab samples from nose, eye and vagina, and from lip/mouth
lesions). Two of the 32 affected and examined reindeer were
found dead and seven were euthanized. All had lesions typical
of oral necrobacillosis, i.e., excessive salvation with a foul
smell, problems in chewing and swallowing food, and necrotic
lesions in the mouth (Figure 1A). In addition, the veterinarian
found clinical signs of contagious ecthyma in nine animals,
i.e., papules, pustules, and cauliflower-like proliferations around
the mouth (Figure 1B). Three animals (Table 1, 8H, 16V, and
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TABLE 1 | Overview of clinical diagnoses and diagnostic findings in 32 semi-domesticated Eurasian tundra reindeer (Rangifer t. tarandus) during a disease outbreak
among corralled and supplementary fed animals in Norrbotten County, Sweden, spring 2016.

ID Date Location Sex Age Parapoxvirus Necrobacillosis Eye lesions CvHV2* Abortion  Found dead
dd.mm Lesi PCR Losi PCR serology (D)
2016 esions c eslons c euthanized
(E)
1H 20.03 Initial corral - C NI 1 D
2H 29.03 Second corral M 1 NI 1
3H 03.04 MP M C NI 1 1 1
(tissue) (tissue)
4H 03.04 MP F >5 NI 1 1 E
5H 06.04 DC M C NI 1 E
6H 08.04 MP F >5 NI 1 E
H 09.04 DC F C NI 1 D
8H 09.04 DC F >5 1 0 1 1 1 E
(tissue) (tissue)
1V 05.04 HC M C 0 0 1 1
2V 05.04 HC M C 0 0 0 0
3V 05.04 HC M C 0 0 0 0
4V 05.04 HC F >5 0 0 0 0
5V 05.04 HC F >3 0 0 0 0
6V 05.04 HC M (¢} 0 0 1 0
I 05.04 HC M C 0 0 0 0
8V 05.04 HC M 2 0 0 0 1
Vv 05.04 HC M 3 0 0 0 1
10V 05.04 HC F C 0 0 0 0
1V 05.04 HC F 3 0 0 1 1
12V 05.04 DC M 2 1 0 0 0 0 1
(swab) (swab)
13V 05.04 DC M 2 0 0 1
14V 05.04 DC F 1 0 0 0 0 1
(swab) (swab)
15V 05.04 DC F (¢} 1 0 0 0 0 0
(swab) (swab)
16V 05.04 DC M ¢} 1 0 1 1 0 0
(swab) (swab)
17V 05.04 DC M 2 1 0 1 1 0 1 E
(tissue) (tissue)
18V 05.04 DC M >1 1 0 0 0 0 1
(swab) (swab)
19V 05.04 DC M ¢} 1 0 0 1 0 0
(swab) (swab)
20V 05.04 DC F 2 0 0 0 1
21V 05.04 DC F >5 0 0 0 1
22V 05.04 DC M 2 1 0 0 1
23V 05.04 DC F >5 0 0 0 1
24V 05.04 DC F 2 1 0 0 0 0 1
(swab) (swab)

ID: H, evaluated by herder; V, evaluated by veterinarian. Location: Initial corral, Second corral (after translocation), MP: Mountain pasture, DC: Diseased corral, HC: Healthy corral.
Clinical evaluation and laboratory results: NI, Not investigated; 1, positive (shaded grey); O, negative. Sex: F = female, M = male. Age: C = calf of the year.
*Swab samples from eye (n = 24), nose (n = 24), and vagina (n = 7) were all negative with regards to CvHV2-specific DNA (PCR; data not shown).

17V) had clinical signs of both diseases (Table 1). Bilateral eye  (Table 1, 1V, 6V, and 11V) (Figure 1C). These three had all been
infections (i.e. keratoconjunctivitis, pus discharge, and peri- corralled in HC and had no clinical signs of necrobacillosis or
orbital edema) were observed by the veterinarian in three animals ~ contagious ecthyma.
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animals (C) (Table 1, 11V).

FIGURE 1 | During a disease outbreak among semi-domesticated Eurasian tundra reindeer (Rangifer tarandus tarandus), animals found dead or euthanized for
animal welfare reasons had necrotizing lesions in the tongue, gingiva, and the oral mucosa, characteristic for necrobacillosis (A) (Table 1, 17V), and clinical signs
typical of contagious ecthyma, with proliferative lesions on the lips and in the oral mucosa (B) (Table 1, 18V). In addition, eye infections were observed in three of the

A serological investigation (28, 29) revealed antibodies against
alphaherpesvirus in 10 of 13 animals from DC and in four
of 11 animals from HC (Table1). Six of the nine animals
with contagious ecthyma and two of the four animals with eye
infections had antibodies against alphaherpesvirus.

Swabs from lesions (skin and oral mucous membrane) were
inoculated on sheep blood agar, incubated under anaerobic
conditions at 37°C, and checked for bacterial growth after 24 and
48 h. Fusobacterium necrophorum was not cultivated from any of
the bacteriology swab samples from necrotized tissues.

Tissue samples from the submitted head (Tablel, 8H)
and tongue (Table 1, 3H) were subjected to macroscopic and
microscopic investigations. The head (Tablel, 8H) had a
mucosal lesion covering about one third of the rostral part of
the hard palate, consisting of yellow and grayish, soft necrotic
tissue with hyperemia. The lesion was clearly demarcated from
normal tissue and did not include the lips. A tissue sample
from this lesion was fixed in 10% formalin for histopathology
and stained with the Hematoxylin-Eosin (HE) and Warthin-
Starry silver nitrate techniques. Microscopic examination showed
large necrotic masses and cell debris, loss of epithelium of the
mucosa and hyperemia, with neutrophil granulocytes, and fibrin
in the submucosa below the necrotic masses. The Warthin-Starry
staining revealed large amounts of long bacterial rods in the
necrotic masses (Figure 2). The submitted tongue (Table 1, 3H)
displayed a deep wound on the dorsal side and about half of the
rostral part of the tongue had been lost. The affected tissue had
mild hyperemia and was soft with a thin, pale demarcation line
toward normal tissue. The lesion itself seemed less acute and was
likely in the repair phase.

DNA was extracted from muscular tissue from the mouth
of three reindeer with necrotizing lesions (Maxwell 16® Tissue
DNA purification kit; Promega, Madison, WI, USA) and from
swab samples of the mucosal membrane of the eye (n = 24), nose
(n = 24), vagina (n = 7), and mouth/lip lesions (n = 7) (Table 1)
(Maxwell 16® Buccal Swab LEV DNA purification kit; Promega)

AW
{
\
1

L % 43/_;', F.
FIGURE 2 | Micrograph showing Warthin-Starry staining of a section of
paraffin embedded tissue of a lesion in the hard palate of the submitted head
(Table 1, 3H), demonstrating necrotic masses with cell debris and large
amounts of long, filamentous bacterial rods (stained brown).

as described previously (30). PCRs targeting parapoxvirus, B2L
and GIF gene regions, were conducted (31) on seven swab
samples from mucosal membranes and three tissue samples from
animals with mouth mucosal lesions consistent with contagious
ecthyma (n = 9) and necrobacillosis (n = 4). Extracted DNA
from a skin lesion of a goat with contagious ecthyma was used
as a positive control. Parapoxvirus-specific DNA was detected
in tissues of the tongue with necrobacillosis lesions but without
clinical signs of contagious ecthyma (Table 1, 3H).
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To target DNA specific to F. necrophorum, a real-time
quantitative PCR (qPCR) was performed (32) on the same
samples as investigated with the parapoxvirus PCRs (Table 1).
DNA extracted from F. necrophorum isolated from a wild
reindeer (R. t. tarandus) with digital necrobacillosis (Ref. no.:
2016-4-11473, Norwegian Veterinary Institute, Oslo) was used
as a positive control. DNA specific for F. necrophorum was
detected by qPCR in all necrotic tissues sampled from the mouth
of animals 3H, 8H, and 17V with threshold cycle (Ct) values
varying from 15.6 to 27.2. Fusobacterium necrophorum DNA was
also detected from swab samples from lesions on the lip of animal
16V and in the mouth of animal 19V (Cr values of 25.7 and
29.2, respectively).

To target CvHV2-specific DNA, a qPCR was performed (33,
34). DNA from a CvHV?2 isolate obtained from a reindeer with
IKC (26) was used as positive control. CvHV2-specific DNA was
not detected in any of the swab samples from eye (n = 24), nose
(n=24), or vagina (n = 7).

The parapoxvirus and F. necrophorum PCR products were
sequenced (BigDye® Terminator v3.1 cycle sequencing Kkit;
Applied Biosystems, Norway) in an Applied Biosystems 3130
XL Genetic Analyzer (Applied Biosystems) after removal
of unused dANTP and primers (ExoSAP-IT™; Amersham
Pharmacia Biotech, Sweden). To compare parapoxvirus
sequences (GenBank Accession numbers B2L: MG550963,
GIF: MG582651) with similar gene sequences (GenBank),
phylogenetic analysis was conducted (Maximum Likelihood;
T92) (35). The tree with the highest log likelihood (B2L:
—1113,02, GIF: —1217,86) was chosen. The analysis involved
99 nucleotide sequences and 522 nucleotides in the final dataset
for B2L gene, and 78 nucleotide sequences, and a total of 292
nucleotides for the GIF gene. The codon positions included were
Ist+2nd+3rd+Non-coding for both genes, and all positions
containing gaps and missing data were eliminated. Evolutionary
analyses were conducted in MEGA7 (36). The phylogenetic trees
are displayed in Figure 3 (B2L) and Supplementary Figure 1
(GIF), respectively. For the B2L gene, the phylogenetic topology
shows that the isolate from this outbreak (MG550963) clustered
together with Finnish and Norwegian ORFV isolates from
reindeer. The GIF gene sequences obtained from this outbreak
clustered with one reindeer isolate from Norway (obtained 1999)
(9) as well as isolates from sheep (Supplementary Figure 1).

Amplicons generated by the F. necrophorum PCR (GenBank
accession numbers MH549407, MH549408, MH549409,
MH549410, MH549411) and a BLAST analysis revealed a
97-99% nucleotide homology with the F. necrophorum subsp.
necrophorum strain NCTC 10576 RNA polymerase {3-subunit
gene (GenBank: AY519655), confirming the PCR results.
Phylogenetic studies revealed little relevant information (data
not shown).

DISCUSSION

The diagnosis of contagious ecthyma, necrobacillosis, and
transmissible eye infections are often based on clinical
observations only, and this is the first report of all three
diseases being verified and evaluated during the same disease

outbreak, indicating that these infections may have interacted
with each other.

In contrast to Fusobacterium spp., which is present in the
intestinal microbiota of reindeer, and to CvHV2 which is
enzootic in the Fennoscandian reindeer herds, it is assumed
that parapoxvirus, such as ORFYV, is not enzootic in Norwegian
and Swedish reindeer populations. Parapoxvirus-specific DNA
has been detected (PCR) in reindeer carcasses with no clinical
signs of contagious ecthyma and from a region of Norway
(Finnmark County) from which the disease has been reported
in sheep but never in reindeer (37). However, due to the
sporadic appearance of the disease in Norway and Sweden, it
seems likely that ORFV in the outbreak described here may
have been introduced to the reindeer herd, via direct contact
with sheep or goats, or through a contaminated environment
(e.g. fences and animal transport vehicles previously being used
for small ruminants). The incubation period after inoculation
of ORFV into slightly scarified oral mucosa of reindeer has
been shown to be only 2-7 days (38), but the timeline of
contagious ecthyma during this outbreak indicates that the
virus was introduced and transmitted to other animals over a
longer period of time. The phylogenetic analysis of the B2L
gene (Figure 3) of ORFV from this outbreak showed a high
degree of homology to ORFV isolates originating from Finnish
reindeer. In contrast, the phylogeny based on the GIF gene
(Supplementary Figure 1) confirmed the Fennoscandian origin
of the virus isolate from this outbreak, although it clustered
with one Norwegian reindeer isolate and sheep isolates, whereas
other reindeer isolates (Norway and Finland) were grouped in
two different clusters, separated from each other. These results
support the assumption that there is no specific reindeer ORFV.

Since F. necrophorum is excreted in the feces, corralling of
animals over a longer period of time, and under poor hygienic
conditions, will increase their exposure to this bacterium. Oral
necrobacillosis was the first disease to be recognized by the
herder. It is, however, likely that ORFV has been present over
some time, producing lesions that facilitated the establishment
of the F. necrophorum infection. In fact, four of the cases of oral
necrobacillosis were recognized after the veterinary investigation
and sampling, when all nine cases of contagious ecthyma were
diagnosed. Fusobacterium necrophorum is usually a secondary
invader which needs a skin wound or mucosal abrasion to be
able to establish an infection (39). Mucosal lesions can be caused
mechanically, from harsh fodder such as hay from late harvests of
grass, or by animals eating ice-crusted snow. In young animals,
the gingiva can be traumatized due to the eruption of new teeth,
since the permanent set of teeth is not present until the age of
28-30 months (19). Five of the 10 animals clinically affected by
oral necrobacillosis were calves (<1 year), one yearling, one 2-
year-old, and three >5 years of age. Erupting teeth may thus
have been relevant for the young animals, but not for the three
older animals.

Lesions in the mucosa can also be caused by viruses, such as
CvHV2 (25) and parapoxvirus (ORFV) (9). Our findings seem
to indicate that ORFV infections were in fact the first to appear,
damaging the oral mucosa and contributing to a secondary
infection with F. necrophorum, as previously suggested (40).
Alternatively, alphaherpesvirus may have been the first pathogen,
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other Orf virus isolates

58

AY453659.1 Reindeer parapoxvirus strain F92.849R.t.
JF773696.1 Orf virus strain F94.848R.t
JF773702.1 Orf virus strain F07.3748 Ovis aries
® MG550963 Orf virus strain 2016R.t. envelope protein (B2L)
JF773697.1 Orf virus strain F92.849R.t
|AY453660.1 Reindeer parapoxvirus strain F92.R.t.
67 |AY605965.2 Orf virus isolate Fi94.1Rt

AY605963.2 Orf virus isolate N99.1Rt

AY605959.2 Orf virus isolate Fi92.1Rt

0,001

FIGURE 3 | Molecular phylogenetic analysis of ORFV major envelope protein gene (B2L). The isolate from this study (diamond; MG550963) was clustering with six
ORFYV reindeer isolates from Finland (from 1992 to 1994) and one ORFV reindeer isolate from Norway (all labeled R. t.), as well as two ORFV isolates from sheep. The
tree is drawn to scale with branch lengths measured in the number of substitutions per site.

KC491189.1 Orf virus strain ORF1/1975

paving the way for other pathogens (25-27), such as ORFV and F.
necrophorum. The reindeer alphaherpesvirus establishes life-long
and latent infections. Reactivation form latency, in response to
certain stimuli such as stress, has been shown experimentally, by
provoking immunosuppression using glucocorticosteroids (24,
41). Fourteen of the 24 animals (58%) from which blood samples
were obtained had alphaherpesvirus antibodies, a prevalence
comparable to previous serological screenings of reindeer (22).
Interestingly, five of the 11 animals with contagious ecthyma,
and from which a blood sample was available, had antibodies
against alphaherpesvirus, but none of the eye, nose or vaginal
swabs were PCR positive for CvHV2. Furthermore, none of the
three animals with eye infections had oral necrobacillosis or
contagious ecthyma. The presence of antibodies but absence of
viral shedding on the mucosal membranes could indicate that
alphaherpesvirus may have participated in the initial stages of the
outbreak, and may have entered the latency phase, with no virus
shedding at the time the diseased animals were sampled.

Pasture fragmentation due to increasing establishment of
infrastructure in areas that traditionally have been used as
reindeer pastures is a serious threat to reindeer herding in
Fennoscandia (42, 43). Predicted climate change scenarios for
arctic and sub-arctic regions indicate higher winter temperatures
and increased frequency of rain-on-snow events and freeze-
thaw cycles (44, 45). Restricted availability of reindeer pastures,
combined with economic support for feeding as a compensation
for lost pasture land, will further contribute to increasing feeding
practices. This will challenge the traditional reindeer herding,
and may also contribute to altered health and disease challenges.

Disease outbreaks represent not only animal welfare challenges,
but also extra costs and labor for the herders, both factors
that may be under-estimated when replacing natural grazing
with feeding.

ETHICS STATEMENT

No specific ethical permissions were required for this study.
Sampling of the animals was conducted during clinical evaluation
and for medical reasons with the objective of determining the
cause of the clinical outbreak prior to treatment, with the
approval of and in collaboration with the reindeer herder.

AUTHOR CONTRIBUTIONS

UR was contacted by the herder and organized the sampling. IN
conducted the sampling and some of the analyses. MT supervised
sampling and analyses. TM carried out the bacteriology
cultivation, pathology, and histopathology. JSR conducted real
time PCR. JK conducted phylogenetic analysis. MT and IN wrote
the first draft of the manuscript. All authors contributed to the
manuscript and accepted the submitted version.

ACKNOWLEDGMENTS

The reindeer herders have given permission for the publication
of the case study and we thank them for providing detailed

Frontiers in Veterinary Science | www.frontiersin.org

April 2019 | Volume 6 | Article 126


https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Tryland et al.

Infectious Diseases and Reindeer Feeding

information about the sequence of events as well as allowing
us to carry out in-depth clinical examinations and sampling
of their herd. Thanks to Xavier Roche (Departement de
Santé des Animaux d’Elevage et Santé Publique, OINRIS,
Nantes, France) for contributing to the sampling, to Eva Marie
Breines (UiT Arctic University of Norway) for running
PCR and sequencing reactions, and to Karin-Elisabeth
Holmgren (Norwegian Veterinary Institute, Tromse) for
conducting Dbacteriological cultivation. We thank Rebecca
Davidson (Norwegian Veterinary Institute, Tromse) for
language corrections.

REFERENCES

1. Ahman B, Finstad GL, Josefsen TD. Feeding and associated health problems.
In: Tryland M, Kutz S, editors. Reindeer and Caribou - Health and Disease, 1st
ed. Boca Raton, FL: CRC Press; Taylor & Francis (2018). p. 135-56.

2. Staaland H, Sletten H. Feeding reindeer in fennoscandia: the use of artificial
food. In: Renecker LA, Hudson R], editors. Wildlife Production: Conservation
and Sustainable Development. Fairbanks, AK: Agricultural and Forestry
Experiment Station; University of Alaska Fairbanks (1991). p. 227-42.

3. Turunen M, Vuojala-Magga T. Past and present winter feeding of reindeer
in Finland: herders’ adaptive learning of feeding practices. Arctic. (2014)
67:173-88. doi: 10.14430/arctic4385

4. Ahman B, White RG. Rangifer diet and nutritional needs. In: Tryland M, Kutz
S, editors. Reindeer and Caribou - Health and Disease, 1st ed. Boca Raton, FL:
CRC Press; Taylor & Francis (2018). p. 107-34. doi: 10.1201/9780429489617-3

5. Robinson AJ, Kerr PJ. Poxvirus infections. In: Williams ES, Baker IK, editors.
Infectious Diseases of Wild Mammals, 3rd ed. Ames, IA: State University Press
(2001). p. 179-201. doi: 10.1002/9780470344880.ch8

6. Palatsi R, Oksanen A, Sormunen R, Karvonen J. The first Orf virus
epidemic diagnosed in man and reindeer in 1992-1993 in Finland. Duodecim.
(1993) 109:1945-50.

7. Tryland M, das Neves CG, Klein ], Mork T, Hautaniemi M, Wensman JJ.
Virus infections and diseases. In: Eds. Tryland M, Kutz S, editors. Reindeer
and Caribou - Health and Disease, 1st ed. Boca Raton, FL: CRC Press; Taylor
& Francis (2018). p. 273-303. doi: 10.1201/9780429489617-8

8. Nordkvist M. Munvartsjuka - en ny rensjukdom? Renndringsnytt. (1973) 8-
9:6-8.

9. Tryland M, Josefsen T, Oksanen A, Aschfalk A. Contagious ecthyma in
Norwegian semi-domesticated reindeer (Rangifer tarandus tarandus). Vet Rec.
(2001) 149:394-5. doi: 10.1136/vr.149.13.394

10. Bittner M, von Einem C, McInnes C, Oksanen A. Clinical findings and
diagnosis of a severe parapoxvirus epidemic in Finnish reindeer. Tierarztliche
Praxis. (1995) 23:614-8.

11. Tikkanen MK, McInnes CJ, Mercer AA, Buttner M, Tuimala ], Hirvela-Koski
V; et al. Recent isolates of parapoxvirus of Finnish reindeer (Rangifer tarandus
tarandus) are closely related to bovine pseudocowpox virus. ] Gen Virol. (2004)
85:1413-18. doi: 10.1099/vir.0.79781-0

12. Josefsen TD, Mork T, Nymo IH. Bacterial infections and diseases. In:
Tryland M, Kutz S, editors. Reindeer and Caribou - Health and Disease,
1st ed. Boca Raton, FL: CRC Press Taylor & Francis (2018). p. 237-71.
doi: 10.1201/9780429489617-7

13. Horne H. Renens klovsyge. Norsk veterincertidskrift. (1898) 7:97-115.

14. Bergman A. Om Kkl6fréta och med  progressiv
folopande sjukdomar hos ren. Stocholm: Medelan from Kungl
Medicinalstyrelsen (1909).

15. Nordkvist N. Nekrobacollos hos renar. Svensk Vet Tidskrift. (1967) 19:303.

16. Laaksonen S. Assessment and treatment of reindeer diseases. In: Tryland
M, Kutz S, editors. Reindeer and Caribou - Health and Disease, 1st
ed. Boca Raton, FL: CRC Press, Taylor & Francis (2018). p. 383-444.
doi: 10.1201/9780429489617-12

andra nekros

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fvets.
2019.00126/full#supplementary-material

Supplementary Figure 1 | Molecular phylogenetic analysis of the ORFV
GM-CSF/IL-2 inhibition factor gene (GIF). The reindeer virus isolate from this study
(diamond) was clustering with an ORFV isolate from reindeer in Norway (N99 1Rt),
but also ORFV isolates from sheep, whereas the Finnish and the remaining
Norwegian reindeer isolates constituted two other and separate clades. The tree is
drawn to scale, with branch lengths measured in the number of substitutions

per site.

17. Aagnes TH, Sormo W, Mathiesen SD. Ruminal microbial digestion in free-
living, i captive lichen-fed and in starved reindeer. Appl Environ Microbiol.
(1995) 61:583-91.

18. Qvigstad J. Den tame rens sygdommer. Tromse Museums drshefter.
(1941) 59:1-12.

19. Skjenneberg S, Slagsvold L. Reindriften og Dens Naturgrunnlag. Oslo:
Scandinavian University Books (Universitetsforlaget) (1968).

20. Wikstrom E. Dddelighet Hos Renkalvar Vid Kalvning I Hdign (Mortality
of Reindeer Calves When Calving In Corrals). Swedish University of
Agricultural Sciences (2014). Available online at: https://stud.epsilon.slu.se/
6615/7/wikstrom_e_140428.pdf

21. Creemers-Schild D, Gronthoud F, Spanjaard L, Visser LG, Brouwer
CNM, Kuijper EJ. Fusobacterium necrophorum, an emerging pathogen of
otogenic and paranasal infections? N Microb N Infect. (2014) 2:52-57.
doi: 10.1002/nmi2.39

22. das Neves CG, Roth S, Rimstad E, Thiry E, Tryland M. Cervid herpesvirus
2 infection in reindeer: a review. Vet Microbiol. (2010) 143:70-80.
doi: 10.1016/j.vetmic.2010.02.015

23. Kautto AH, Alenius S, Mossing T, Becher P, Belak S, Larska M. Pestivirus and
alphaherpesvirus infections in Swedish reindeer (Rangifer tarandus tarandus
L.). Vet Microbiol. (2012) 156:64-71. doi: 10.1016/j.vetmic.2011.10.018

24. Ek-Kommonen C, Pelkonen S, Nettleton PF. Isolation of a herpesvirus
serologically related to bovine herpesvirus 1 from a reindeer (Rangifer
tarandus). Acta Vet Scand. (1986) 27:299-301.

25. Rockborn G, Rehbinder C, Klingeborn B, Lefler M, Klintevall K, Nikkila T,
et al. The demonstration of a herpesvirus, related to bovine herpesvirus 1, in
reindeer with ulcerative and necrotizing lesions of the upper alimentary tract
and nose. Rangifer. (1990) 10:373-84. doi: 10.7557/2.10.3.882

26. Tryland M, das Neves CG, Sunde M, Mork T. Cervid herpesvirus 2,
the primary agent in an outbreak of infectious keratoconjunctivitis
in semidomesticated reindeer. J Clin Microbiol. (2009) 47:3707-13.
doi: 10.1128/JCM.01198-09.

27. Sénchez Romano J, Merk T, Laaksonen S, Agren E, Nymo IH, Sunde
M, et al. Infectious keratoconjunctivitis in semi-domesticated Eurasian
tundra reindeer (Rangifer tarandus tarandus): microbiological study of
clinically affected and unaffected animals with special reference to cervid
herpesvirus 2. BMC Vet Res. (2018) 14:15. doi: 10.1186/s12917-018-1
338-y

28. das Neves CG, Thiry ], Skjerve E, Yoccoz NG, Rimstad E, Thiry
E, et al. Alphaherpesvirus infections in semidomesticated reindeer:
a cross-sectional serological study. Vet Microbiol. (2009) 139:262-9.
doi: 10.1016/j.vetmic.2009.06.013

29. das Neves CG, Roger M, Yoccoz NG, Rimstad E, Tryland M. Evaluation
of three commercial bovine ELISA kits for detection of antibodies against
alphaherpesviruses in reindeer (Rangifer tarandus tarandus). Acta Vet Scand.
(2009) 51:9. doi: 10.1186/1751-0147-51-9

30. Sdnchez Romano J, Leijon M, Hagstrom A, Jinnerot T, Rockstrom U,
Tryland M. Chlamydia pecorum associated with an outbreak of infectious
keratoconjunctivitis in semi-domesticated reindeer in Sweden. Front Vet Sci.
(2019) 6:14. doi: 10.3389/fvets.2019.00014

Frontiers in Veterinary Science | www.frontiersin.org

April 2019 | Volume 6 | Article 126


https://www.frontiersin.org/articles/10.3389/fvets.2019.00126/full#supplementary-material
https://doi.org/10.14430/arctic4385
https://doi.org/10.1201/9780429489617-3
https://doi.org/10.1002/9780470344880.ch8
https://doi.org/10.1201/9780429489617-8
https://doi.org/10.1136/vr.149.13.394
https://doi.org/10.1099/vir.0.79781-0
https://doi.org/10.1201/9780429489617-7
https://doi.org/10.1201/9780429489617-12
https://stud.epsilon.slu.se/6615/7/wikstrom_e_140428.pdf
https://stud.epsilon.slu.se/6615/7/wikstrom_e_140428.pdf
https://doi.org/10.1002/nmi2.39
https://doi.org/10.1016/j.vetmic.2010.02.015
https://doi.org/10.1016/j.vetmic.2011.10.018
https://doi.org/10.7557/2.10.3.882
https://doi.org/10.1128/JCM.01198-09.
https://doi.org/10.1186/s12917-018-1338-y
https://doi.org/10.1016/j.vetmic.2009.06.013
https://doi.org/10.1186/1751-0147-51-9
https://doi.org/10.3389/fvets.2019.00014
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Tryland et al.

Infectious Diseases and Reindeer Feeding

31.

32.

33.

34.

35.

36.

37.

38.

39.

Klein J, Tryland M. Characterization of parapoxviruses isolated from
Norwegian semi-domesticated reindeer (Rangifer tarandus tarandus). Virol J.
(2005) 2:79. doi: 10.1186/1743-422X-2-79

Jensen A, Hageskjaer Kristensen L, Prag J. Detection of Fusobacterium
necrophorum  subsp. funduliforme in tonsillitis in young adults
by real-time PCR. Clin Microbiol Infect. (2007) 13:695-701.
doi: 10.1111/j.1469-0691.2007.01719.x

Wang ], O’Keefe J, Orr D, Loth L, Banks M, Wakeley P, et al. Validation
of a real-time PCR assay for the detection of bovine herpesvirus 1 in
bovine semen. ] Virol Meth. (2007) 144:103-8. doi: 10.1016/j.jviromet.2007.
04.002

Tryland M, Sinchez Romano J, Marcin N, Nymo IH, Josefsen
TD, Serensen KK, et al. Cervid herpesvirus 2 and not Moraxella
bovoculi caused keratoconjunctivitis in experimentally inoculated semi-
domesticated Eurasian tundra reindeer. Acta Vet Scand. (2017) 59:23.
doi: 10.1186/s13028-017-0291-2.

Tamura K. Estimation of the number of nucleotide substitutions when
there are strong transition-transversion and G + C-content biases.
Mol Biol Evol. (1992) 9:678-87. doi: 10.1093/oxfordjournals.molbev.a0
40752

Kumar S, Stecher G, Tamura K. MEGA7, molecular evolutionary genetics
analysis version 7.0 for bigger datasets. Mol Biol Evol. (2016) 33:1870-4.
doi: 10.1093/molbev/msw054

Tryland M, Merk T, Ryeng KA, Serensen KK. Evidence of parapox-,
alphaherpes- and pestivirus infections in carcasses of semi-domesticated
reindeer (Rangifer tarandus tarandus) from Finnmark, Norway. Rangifer.
(2005) 25:75-83. doi: 10.7557/2.25.2.255

Tryland M, Klein J, Berger T, Josefsen TD, das Neves CG, Oksanen A,
et al. Experimental parapoxvirus infection (contagious ecthyma) in semi-
domesticated reindeer (Rangifer tarandus tarandus). Vet Microbiol. (2013)
162:499-506. doi: 10.1016/j.vetmic.2012.10.039

Uzal FA, Plattner BL, Hosetter JM. Alimentary system. In: Jubb, Kennedy,
Palmer, editors. Pathology of Domestic Animals, Vol 2. Elsevier (2016).
p- 1-257. doi: 10.1016/b978-0-7020-5318-4.00007-3

40.

41.

42.

43.

44.

45.

Rehbinder C, Nikander S. Ren Och Rensjukdomar. Lund: Studentlitteratur
(1999). 247 pp.

das Neves CG, Meork T, Thiry J, Godfroid ], Rimstad E, Thiry E,
et al. Cervid herpesvirus 2 experimentally reactivated in reindeer can
produce generalized viremia and abortion. Virus Res. (2009) 145:321-8.
doi: 10.1016/j.virusres.2009.08.002

Vistnes I, Nellemann C. Impacts of human activity on reindeer and caribou:
the matter of spatial and temporal scales. Rangifer Rep. (2007) 12:47-56.
doi: 10.7557/2.27.3.269

Kumpula J, Kurkilahti M, Helle T, Colpaert A. Both reindeer management
and several other land use factors explain the reduction in ground lichens
(Cladonia spp.) in pastures grazed by semi-domesticated reindeer in Finland.
Reg Environ Change. (2014) 14:541-59. doi: 10.1007/s10113-013-0508-5
Kattsov VM, Kéllén E, Cattle H, Christensen J, Drange H, Hanssen-Bauer I,
et al. editors. Future climate change: modeling and scenarios for the Arctic.
In: Arctic Climate Impact Assessment. Cambridge: Cambridge University Press
(2005). p. 99-150.

Tryland M, Ravolainen V, @nvik Pedersen A. Climate change - potential
impacts on pasture resources, health and diseases of reindeer and caribou.
In: Tryland M, Kutz S, editors. Reindeer and Caribou - Health and Disease,
1st ed. Boca Raton, FL: CRC Press; Taylor & Francis (2018). p. 493-514.
doi: 10.1201/9780429489617-16

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Tryland, Nymo, Sdnchez Romano, Mork, Klein and Rockstrom.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Veterinary Science | www.frontiersin.org

April 2019 | Volume 6 | Article 126


https://doi.org/10.1186/1743-422X-2-79
https://doi.org/10.1111/j.1469-0691.2007.01719.x
https://doi.org/10.1016/j.jviromet.2007.04.002
https://doi.org/10.1186/s13028-017-0291-2.
https://doi.org/10.1093/oxfordjournals.molbev.a040752
https://doi.org/10.1093/molbev/msw054
https://doi.org/10.7557/2.25.2.255
https://doi.org/10.1016/j.vetmic.2012.10.039
https://doi.org/10.1016/b978-0-7020-5318-4.00007-3
https://doi.org/10.1016/j.virusres.2009.08.002
https://doi.org/10.7557/2.27.3.269
https://doi.org/10.1007/s10113-013-0508-5
https://doi.org/10.1201/9780429489617-16~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Infectious Disease Outbreak Associated With Supplementary Feeding of Semi-domesticated Reindeer
	Introduction
	Case Report
	Discussion
	Ethics Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


