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Abstract 

Background  Reindeer herding and husbandry is a traditional and important livelihood in Fennoscandia, and about 
200,000 semi-domesticated reindeer are herded in Finland. Climatic changes, leading to ice-locked winter pastures, 
and encroachment of pasture-land have led to changes in reindeer husbandry, increasing the extent of supplemen-
tary or full ration feeding, which has become very common in Finland. Keeping reindeer in corrals or gathering them 
at permanent feeding sites will increase nose-to-nose contact between animals and they may be exposed to poor 
hygienic conditions. This may impact the epidemiology of infectious diseases, such as viral infections. The aim of this 
study was to investigate Finnish semi-domesticated reindeer for exposure to viral pathogens. Blood samples were 
collected from 596 reindeer (358 calves, 238 adults) in 2015, from nine reindeer slaughterhouses, representing most of 
the reindeer herding regions in Finland. Plasma samples were investigated for antibodies against a selection of known 
and potential reindeer viral pathogens by using enzyme linked immunosorbent assays (ELISA).

Results  The screening suggested that alphaherpesvirus and gammaherpesvirus (malignant catarrhal fever virus 
group; MCFV) were enzootic in the reindeer population, with a seroprevalence of 46.5% (range at slaughterhouse 
level 28.6–64.3%) and 29.0% (range 3.5–62.2%), respectively. Whereas the seroprevalence was significantly higher for 
alphaherpesvirus among adult reindeer (91.2%) as compared to calves (16.8%), no age difference was revealed for 
antibodies against gammaherpesvirus. For alphaherpesvirus, the seroprevalence in the northernmost region, having 
the highest animal density (animals/km2), was significantly higher (55.6%) as compared to the southernmost region 
(36.2%), whereas the seroprevalence pattern for gammaherpesvirus indicated the opposite, with 8.1% in the north 
and 50.0% in the south. Four reindeer (0.7%) had antibodies against Pestivirus, whereas no antibodies were detected 
against Bluetongue virus or Schmallenbergvirus.

Conclusions  Alphaherpesvirus and gammaherpesvirus (MCFV) seems to be enzootic in the Finnish reindeer popu-
lation, similar to other reindeer herds in Fennoscandia, whereas the exposure to Pestivirus was low compared to 
findings in Norway and Sweden. The ongoing changes in the reindeer herding industry necessitate knowledge on 
reindeer health and diseases that may impact animal welfare and health of reindeer as well as the economy of the 
reindeer herding industry.
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Background
In Fennoscandia, reindeer herding and husbandry is a 
traditional and important livelihood which to a large 
extent is associated with the Sami people and culture. 
This is particularly the case in Sweden and Norway, with 
the exceptions of a few non-Sami owned herds in south-
ern Norway. In Finland, however, reindeer herding is 
practiced by both Sami and non-Sami herders, since the 
eighteenth century when farmers in northern Finland 
learned reindeer herding from Sami herders [1]. Reindeer 
herding in Finland is conducted by 4394 registered rein-
deer herders in 54 reindeer herding cooperatives, which 
together comprise approximately 36% of the land area of 
Finland [2]. Supplementary feeding of reindeer, in corrals 
or by offering feed on pastures, has become common in 
Finland during winter months.

The reindeer population in Finland during 2004 to 2016 
was on average 197,807 (range, 190,776–209,365) indi-
viduals, of which an average of 102,778 (range, 71,580–
124,152) were slaughtered annually. Of the slaughtered 
reindeer, 77% were 6–8  months old calves. Approxi-
mately 74% of the Finnish reindeer were slaughtered in 
19 EU-approved reindeer abattoirs, whereas the remain-
ing animals were slaughtered in the field for private 
consumption and direct marketing [3–5]. In addition 
to important cultural dimensions and meat produc-
tion, reindeer herding has additional economical values 
in terms of tourism, fur and leather production, use of 
bones and antlers for souvenirs, and the use of side prod-
ucts from slaughter in the pet food industry.

As for other wildlife and livestock species, reindeer are 
exposed to viral diseases. The reindeer alphaherpesvi-
rus (Cervid herpesvirus 2; CvHV2, family Herpesviridae, 
genus Varicellovirus) has been found to be enzootic in 
most of the investigated reindeer and caribou herds in 
different countries [6, 7]. It has been shown that CvHV2 
can be the transmissible pathogen for infectious kerato-
conjunctivitis (IKC) in reindeer [8] and that the virus also 
under experimental conditions was able to cause IKC [9]. 
Furthermore, CvHV2 is associated with infections of the 
respiratory tract, and the virus can be transferred verti-
cally to the fetus and possibly contribute to abortion and 
reduced fitness of calves [10].

The disease malignant catarrhal fever (MCF) primar-
ily affects wild and domestic ruminants and is caused by 
a group of gammaherpesviruses (MCFV-group). DNA 
specific for the gammaherpesviruses Ovine herpesvi-
rus 2 (OvHV2) and Caprine herpesvirus 2 (CpHV2) has 

been detected in the central nervous system (CNS) of 
moose (Alces alces), roe deer (Capreolus capreolus) and 
red deer (Cervus elaphus) in Norway, associated with 
lesions indicating MCF [11]. OvHV2-specific DNA was 
also evident in the CNS of a semi-domesticated rein-
deer in Norway, displaying MCF-like clinical signs, 
such as hair loss and thickening of the skin with crusts 
on the muzzle, axillary regions and the distal parts of 
the legs. In addition, ocular signs like swollen eyelids, 
fibrinopurulent exudate and corneal opacity was evi-
dent [12]. In a previous screening for gammaherpes-
virus antibodies among semi-domesticated reindeer 
(n = 3339) in Finnmark County, northern Norway, a 
seroprevalence of 3.5% was found [13].

Pestivirus is a genus in the Flaviviridae family, with 
four species causing disease in livestock; Pestivirus A 
(former Bovine viral diarrhea virus 1; BVDV-1), Pestivi-
rus B (former BVDV-2), Pestivirus C (former Classical 
swine fever virus; CSFV), and Pestivirus D (former Bor-
der disease virus; BDV). In a screening of semi-domes-
ticated reindeer (n = 618) in Norway (2013–2018), 
anti-Pestivirus antibodies were found in reindeer from 
five of eight investigated herds, with a mean seropreva-
lence of 19% in the seropositive herds [14]. In another 
serological screening of semi-domesticated reindeer 
from three herds in each country and about 40 reindeer 
from each herd (2016–2017), a seroprevalence of 48.5% 
and 41.2% was found in Sweden and Norway, respec-
tively [15]. In contrast, a seroprevalence of 2.5% was 
found in Finland in the same study, but this study was 
based on relatively few animals from each country [15]. 
Antibodies against Pestivirus have also been detected 
in wild reindeer in Norway (4.2%) [16] and in different 
populations and subspecies of caribou (R. t. granti, R. t. 
caribou and R. t. groenlandicus) across Canada and in 
western Greenland [17].

Wild cervids are regarded as important in the epi-
demiology of Bluetongue virus (BTV; genus Orbivirus, 
family Reoviridae) [18, 19]. BTV also infects cattle and 
a wide range of other domestic animals. BTV has cir-
culated in Europe since 2006, including southern parts 
of Sweden and Norway, but there are no indications 
of wild or semi-domesticated reindeer having been 
exposed to BTV.

Schmallenbergvirus (SBV; genus Orthobunyavirus, 
family Bunyaviridae) infects ruminants. The virus was 
first identified in Germany in 2011, spreading quickly 
to 27 European countries [20, 21], including Norway 
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[22]. SBV is spread by biting midges (Culicoides spp.) 
and transplacental infection may result in abortion or 
the birth of malformed or weak offspring. Although a 
range of wildlife species is susceptible to SBV infection, 
including cervids [23], no evidence of exposure of rein-
deer in Fennoscandia has been reported.

The aim of this study, in which most of the reindeer 
herding regions of Finland were represented, was to 
investigate calves and adult semi-domesticated reindeer 
for exposure to selected viral pathogens.

Methods
Sampling
Blood samples from 596 reindeer collected from Septem-
ber 30 to November 2, 2015, were analyzed in this study. 
Sex was not registered. Age was defined as calf (aged 
6–7  months) or adult (> 18–19  months), and 358 calves 
and 238 adults were sampled. The samples were collected 
from nine different Finnish reindeer cooperatives and 
their slaughterhouses (Fig. 1). The cooperatives, contain-
ing several herds and owners, are thus representing the 
same geographical unit as the slaughterhouse. The over-
all geographical region was divided in four regions from 
south (Region 1) to north (Region 4) and the slaughter-
houses were designated according to the origin of the 
reindeer [24], from west to east (west, W; middle, M; 
east, E) within each Region (Fig. 1). Blood samples were 
colleted directly into EDTA-tubes (Venosafe EDTA, 
Terumo, Belgium) during bleeding of the animals at the 
slaughterhouses, and transported chilled to the labora-
tory. Upon arrival, the samples were centrifuged (3000g, 
15 min) and plasma were collected and stored frozen at 
− 20 °C until analysis.

Serological analyses
All plasma samples were analyzed for antibodies against 
all the viruses investigated, using mainly commercial 
methods that all have been previously applied on blood 
samples from reindeer (Table 1).

The samples were tested for anti-alphaherpesvirus 
antibodies using a commercial bovine enzyme-linked 
immunosorbent assay (ELISA) based on glycoprotein 
B (gB) from Bovine herpesvirus 1 (BoHV-1) from cattle 
as an antigen (Table  1). The ELISA has previously been 

Fig. 1  Map of Finland showing the location of the nine 
slaughterhouses where plasma samples were collected from 
altogether 596 semi-domesticated Eurasian tundra reindeer (Rangifer 
tarandus tarandus) in 2015. Within the four sampling regions 
(Region 1 to Region 4) from south to north, each slaughterhouse 
is representing a cooperative with several herds that are normally 
co-mingling. The slaughterhouses/cooperatives were designated 
according to the origin of the reindeer, from west to east (west, W; 
middle, M; east, E) within each Region. The light green area in the 
map represents the reindeer herding region in Finland  (map adapted 
from [24])

Table 1  The serological tests used for detection of antibodies against selected viral pathogens in semi-domesticated Eurasian tundra 
reindeer (Rangifer tarandus tarandus) from nine slaughterhouses in Finland, 2015

Viral pathogen Test and producer Test principle Antigen References

Alphaherpesvirus Laboratoire Service International, Lissieu, France Blocking ELISA Glycoprotein B [25]

Gammaherpesvirus 
(MCFV-group)

Non-commercial Competitive-inhibition ELISA MCFV (AlHV-1) glycoprotein [26, 27]

Pestivirus SERELISA® BVD p80 Ab Mono Blocking
Synbiotics, Lyon, France

Blocking ELISA p80 [28]

Bluetongue virus ID Screen® Bluetongue Competition
ID Vet, Grabels, France

Competitive ELISA Recombinant, VP7 [29]

Schmallenbergvirus ID Screen® Schmallenberg virus competition multispe-
cies
ID Vet, Grabels, France

Indirect ELISA Recombinant SBV antigen [30]
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validated against a virus neutralization test (VNT) for 
analyzing reindeer serum samples for anti-alphaherpes-
virus antibodies [25]. The plasma samples were tested 
in 1:2 dilution (single well) and evaluated against bovine 
negative (NC) and positive (PC) control sera; bovine sera 
provided with the kit and samples obtained from rein-
deer experimentally inoculated with CvHV2 [31]. A com-
petition percentage (C%) was calculated by dividing the 
optical density (OD) of the sample (OD S) by the mean 
OD of the bovine negative control (OD NC): C% = OD S/
OD NC. Samples were categorized as positive if C% ≤ 0.5, 
doubtful if 0.5 < C% ≤ 0.55 and negative if C% > 0.55.

The samples were tested for the presence of specific 
antibodies to the MCFV-group of viruses by a direct 
competitive-inhibition ELISA (cELISA) [26, 27] (Table 1). 
The ELISA is based on a monoclonal antibody (15-A) 
directed against an epitope highly conserved among 
all MCFVs identified, including OvHV-2 and CpHV-
2. The test was run as previously described for reindeer 
[13] (Table  1). Samples (50  μL) were tested in dupli-
cates, using mean OD to evaluate the result. The sera 
were scored by mean OD. The performance of a plasma 
test sample was calculated as inhibition percentage (I%): 
I% = (100 − mean  OD S × 100)/mean OD NC. A plasma 
sample was considered positive if I% ≥ 25 and negative if 
I% < 25. If substantially divergent results were generated 
between the duplicates, samples were rerun in duplicates. 
If divergent results between duplicates remained, the 
sample was classified as seronegative.

The plasma samples were tested for antibodies against 
Pestivirus using a commercial blocking ELISA designed 
for domestic ruminants (Table 1). The test is based on the 
p80/125 non-structural protein as antigen, which pre-
sumably is shared between all strains of Pestivirus A, B 
and D (former BVDV and BDV) [28]. This antigen has 
previously been used for testing reindeer for antibodies 
against Pestivirus and the ELISA kit has been validated 
against VNT [7, 15, 16, 32]. The plasma samples (S) were 
tested in a 1:10 dilution (single well). Positive (PC) and 
negative (NC) controls were provided with the kit. A 
competition percentage (%P) was calculated for each 
sample; (OD NC − OD S)/(OD NC − OD PC) × 100. 
A %P ≤ 30% was interpreted as being seronegative, 
30 < %P < 50 as doubtful and ≥ 50% as being seropositive, 
in line with the manufacturer’s instructions for testing 
samples from bovines.

The plasma samples were tested for antibodies against 
BTV using a commercial competitive ELISA based on 
recombinant VP7 as antigen (Table  1). The antigen is 
conserved among BTV serotypes, and according to the 
producer is suitable for testing multiple species, includ-
ing sheep, goat, buffalo, deer and others. The kit has 
previously been used for testing reindeer [33]. Samples 

(S) were tested undiluted (single well) and evaluated 
against positive (PC) and negative control (NC) sera pro-
vided with the kit. Optical density was read at 450  nm 
and results are expressed as competition percentage: 
S/N% = (OD S/OD NC) × 100. The results were classi-
fied according to the evaluation criteria and cut-offs pro-
vided: S/N% < 40 was considered positive and S/N% ≥ 40 
was considered negative.

The plasma samples were investigated for antibod-
ies against SBV using a commercial competitive ELISA 
based on recombinant SBV nucleoprotein antigens for 
multispecies testing (Table  1). The kit has previously 
been used for testing reindeer [33]. Plasma samples 
were tested undiluted (single well) and OD was read at 
450 nm. Mean OD score was evaluated against the evalu-
ation criteria and the PC and NC control sera provided 
by the manufacturer. The performance of the plasma 
samples was evaluated by calculating a competition per-
centage (S/N%): S/N% = (OD S/OD NC) × 100. Sam-
ples were classified as positive if S/N% ≤ 40, doubtful if 
40% < S/N% ≤ 50%, and negative if S/N% > 50%.

Samples that were classified as doubtful (i.e., alphaher-
pesvirus, Pestivirus and BTV ELISAs) were retested.

Statistical analyses
Logistic regression models were performed to estimate 
associations with testing positive for antibodies for each 
of the viruses with overall seroprevalence estimate of at 
least 10%, using R 1.4.1717 [34]. As potential explanatory 
variables we tested the geographical location (Region 1 to 
4; Fig. 1, Table 3), the age group (calf/adult) and whether 
the sample tested positive for antibodies against another 
virus (i.e., indicating exposure to more than one of the 
viruses). Region and animal densities were confounded, 
with a south to north increase in animal density (no. of 
animals/km2), and we decided to use the region rather 
than animal density in the regression model. No observa-
tions with missing values in any predictor variable were 
included. We formulated a full model and removed non-
significant variables one by one in a backward selection, 
starting with the highest P-value. Confidence intervals on 
the 95% level were calculated using the confint function 
depending on the R package MASS [35]. Model estimates 
and confidence intervals were calculated for each variable 
and then pointwise back transformed using the formula 
exp(estimate)/1 − exp(estimate).

Results
Based on the OD read-outs from the ELISAs for the five 
different viruses and their interpretation criteria, the 
score for each test was calculated, which is depicted in 
Table 2.
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None of the samples tested positive for antibodies 
against BTV or SBV, and no samples were classified as 
doubtful for antibodies against BTV. The overall apparent 
seroprevalence estimates, i.e., the proportions of reindeer 
that tested positive for antibodies against alphaherpes-
virus, gammaherpesvirus (MCFV-group) and Pestivi-
rus, are summarized for each geographical region and 
at slaughterhouse level in Table  3. For Pestivirus and 
alphaherpesvirus, five and four plasma samples, respec-
tively, were classified as doubtful. After a second test, 

they remained doubtful and were regarded as sero-neg-
ative in further calculations. For alphaherpesvirus and 
gammaherpesvirus, four and five samples, respectively, 
yielded divergent results between the duplicates also 
after being rerun, and these were classified as negative 
in further calculations. None of the animals investigated 
had detectable antibodies against BTV or SBV.

Antibodies against alphaherpesvirus and MCFV-group 
of viruses were detected in samples from reindeer from 
all the slaughterhouses. The proportion of reindeer with 
antibodies against alphaherpesvirus was 46.5% (range 
at slaughterhouse level, 28.6–64.3%), and the propor-
tion with antibodies against the MCFV-group was 29.0% 
(range at slaughterhouse level, 3.5–62.2%). Antibodies 
against Pestivirus were detected in four animals (0.67%) 
from four different slaughterhouses (range at slaughter-
house level, 0.0–1.8%).

Logistic regression models were run for testing positive 
for antibodies against alphaherpesvirus and MCFV. For 
having antibodies against alphaherpesvirus, the region 
and the age group were significant variables. There was a 
significantly higher seroprevalence of antibodies against 

Table 2  The score of each ELISA for the five different viruses is 
presented as range, mean and standard deviation (SD) based on 
the optical density read-outs and calculations for each test

ELISA Range Mean SD

Alphaherpesvirus 0.01–2.20 0.46 0.35

Gammaherpesvirus 
(MCFV-group)

− 114.9 to 75.1 14.0 20.8

Pestivirus − 68.8 to 97.6 − 2.3 21.8

Bluetonguevirus 11.5–158.9 113.5 16.0

Schmallenbergvirus 7.6–111.8 91.0 7.6

Table 3  Results from testing Finnish semi-domesticated Eurasian tundra reindeer for antibodies against alphaherpesvirus, 
gammaherpesvirus (MCFV-group) and Pestivirus, reporting number of seropositive animals (seroprevalence in percentage in 
parenthesis), with results for calves and adults at regional level (Region 1 = south to Region 4 = north)

1 From [24]

Region Animal density1: 
Reindeer/km2

Number of tested 
reindeer

Alphaherpesvirus Gammaherpesvirus 
(MCFV-group)

Pestivirus

1W 0.76 56 16 (28.6%) 33 (58.9%) 0

1M 1.18 58 19 (32.8%) 15 (25.9%) 0

1E 1.68 74 33 (44.6%) 46 (62.2%) 0

Region 1 Total 1.21 188 C: 17/127 (13.4%)
A: 51/61 (83.6%)
Total: 68/188 = 36.2%

C: 60/127 (47%)
A: 34/61 (56%)
Total: 94/188 (50.0%)

C: 0/127 (0%)
A: 0/61 (0%)
Total: 0/188 (0%)

2W 1.77 63 25 (39.7%) 21 (33.3%) 1 (1.6%)

2E 1.25 66 32 (48.5%) 6 (9.1%) 0

Region 2 Total 1.51 129 C: 9/78 (11.5%)
A: 48/51 (94.1%)
Total: 57/129 (44.2%)

C: 19/78 (24.4%)
A: 8/51 (15.7%)
Total: 27/129 (20.9%)

C: 1/78 (0.01%)
A: 0/51 (0%)
Total: 1/129 (0.8%)

3W 1.39 57 20 (35.1%) 2 (3.6%) 1 (1.8%)

3E 2.28 98 63 (64.3%) 40 (40.8%) 1 (1.0%)

Region 3 Total 1.84 155 C: 17/83 (20.5%)
A: 66/72 (92%)
Total: 83/155 (53.5%)

C: 13/83 (15.7%)
A: 29/72 (40.3%)
Total: 42/155 (27.1%)

C: 2/83 (2.5%)
A: 0/72 (0%)
Total: 2/155 (1.3%)

4W 2.44 61 39 (63.9%) 5 (8.2%) 0

4E 2.37 63 30 (47.6%) 5 (7.9%) 1 (1.6%)

Region 4 Total 2.41 124 C: 17/70 (24.3%)
A: 52/54 (96.3%)
Total: 69/124 (55.6%)

C: 6/70 (8.6%)
A: 4/54 (7.4%)
Total: 10/124 (8.1%)

C: 0/70 (0%)
A: 1/54 (1.9%)
Total: 1/124 (0.8%)

Total 1.74 596 C: 60/358 (16.8%)
A: 217/238 (91.2%)
Total: 277/596 (46.5%)

C: 98/358 (27.4%)
A: 75/238 (31.5%)
Total: 173/596 (29.0%)

C: 3/358 (0.84%)
A: 1/238 (0.42%)
Total: 4/596 (0.67%)
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alphaherpesvirus in the northern-most region (Region 
4), having the highest animal density, as compared to the 
southern-most region (Region 1) (Figs.  1 and 2, Table  4). 
The probability to have a sample that was positive for anti-
bodies against Alphaherpesvirus was 7.5 times higher in 
adult reindeer compared to calves. For MCFV the prob-
ability to have a positive sample was six times higher in 
the southern-most region (Region 1) as compared to the 
northern-most region (Region 4) (Figs.  1 and 2, Table  5). 
There was no significant difference in seroprevalence of 
antibodies against MCFV between calves (27.4%) and 
adults (31.5%).

Discussion
This study yielded new and needed baseline informa-
tion on exposure to a selection of viruses among semi-
domesticated reindeer in Finland. The results add to the 

knowledge of the presence, prevalence and epidemiology 
of these viruses which can be useful both for manage-
ment and the future monitoring of reindeer health.

Strengths of this study include the large sample size 
allowing good estimates of seroprevalence, and the 
study design ensuring good geographical representation 
throughout the reindeer herding region of Finland. The 
sampling at slaughter ensured good quality of the sam-
ples. On the other hand, sampling slaughter animals does 
not necessarily represent a random sample from the total 
reindeer population in Finland even though the different 
reindeer regions are represented. Animals are selected 
for slaughter for different reasons (e.g., the sex structure 
of the herd, age and tooth wear). Thus, the slaughtered 
reindeer may not necessarily be representative for their 
donor herds and the results presented may be regarded 
as sample prevalence rather than population prevalence. 
Furthermore, it should be noted that the sampling for 
this study took place in 2015, and the epidemiologi-
cal situation may have changed since then. The analyses 
are conducted by employing serological tests designed 
for similar viruses in livestock, introducing uncertain-
ties whether the sensitivity and specificity of the tests are 
suitable for this purpose. Unfortunately, this is almost 
always the case when analyzing blood samples from free-
ranging and wild animals. However, the tests used do 
have a multi-species design (e.g., competition) and have 
also to some extent been validated by other tests and 
have been used previously to test samples from reindeer. 
Nevertheless, the seroprevalence obtained in this study 
should be interpreted with care.

The results of this study indicated that alphaherpesvirus 
was enzootic in the Finnish reindeer population. This is 
in line with results from a similar screening of 618 semi-
domesticated reindeer from eight herds in Norway [14]. 
Comparing these two investigations revealed a similar 
seroprevalence for alphaherpesvirus in Finland (46.5%, 
range 28.6–64.3%) and Norway (42%, range 21–62%). In 
both studies the seroprevalence was significantly higher 

Fig. 2  Predicted probability to find a seropositive sample against 
alphaherpesvirus (a) and gammaherpesvirus (MCFV-group) (b) 
in 596 semi-domesticated Eurasian tundra reindeer (Rangifer 
tarandus tarandus) sampled in 2015 in Finland, dependent on 
Region form south to north (Region 1–Region 4). Seroprevalence 
against alphaherpesvirus was significantly higher in adult reindeer 
(black) than calves (grey) but no age effect was observed for 
gammaherpesvirus. The presented values are pointwise back 
transformed using exp(estimate)/(1 − exp(estimate) * 100

Table 4  Logistic regression model estimates explaining the 
seroprevalence against alphaherpesvirus in semi-domesticated 
Eurasian tundra reindeer (Rangifer tarandus tarandus) sampled in 
Finland in 2015

The explanatory variables included were Region (Region 1 to Region 4, from 
south to north) and age group (calf or adult)

Variable Estimate SE Z P

Adult Region 1 
(Intercept)

1.93 0.29 6.70 < 0.001

Region 2 0.25 0.35 0.71 0.480

Region 3 0.62 0.33 1.89 0.059

Region 4 0.96 0.34 2.82 0.004

Calf − 3.96 0.27 − 14.48 < 0.001

Table 5  Logistic regression model estimates explaining the 
seroprevalence against gammaherpesvirus in semi-domesticated 
Eurasian tundra reindeer (Rangifer tarandus tarandus) sampled in 
Finland in 2015

The explanatory variable included was Region (Region 1 to Region 4, from south 
to north)

Variable Estimate SE Z P

Region 1 (Intercept) 2.48e−15 0.15 1.70e−14 1.000

Region 2 − 1.33 0.26 − 5.09 < 0.001

Region 3 − 0.99 0.23 − 4.26 < 0.001

Region 4 − 2.43 0.36 − 6.75 < 0.001
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in adult reindeer compared to calves, indicating that the 
risk of exposure to alphaherpesvirus increases with age, 
which is expected for a virus that establish life-long infec-
tions and latency [12].

The higher seroprevalence in the northernmost region 
(Region 4; 55.6%) compared to the southernmost (Region 
1; 36.2%) may be a result of the higher reindeer density 
in the northern region (Table  3), being 2.41 reindeer/
km2 for the northern herds (Region 4) compared to 1.21 
reindeer/km2 for the southernmost herd (Region 1). 
However, the animal density as used here (animals/km2) 
do not necessarily account for available area versus used 
habitat. Furthermore, semi-domesticated reindeer are 
gregarious and roam in groups with temporal variation in 
group size associated with herd structure (sex and age), 
weather conditions, animal behavior, availability of pas-
ture resources, disturbance (e.g., people, predators) and 
different herding regimes (e.g., feeding). Thus, animal 
count per km2 may not represent a reliable measure of 
the possibilities of a virus to spread within a herd, such as 
nose-to-nose contact, aerosol transmission and transmis-
sion via the environment. Thus, the lack of information 
on available pasture, pasture quality and how the animals 
have used the different pasture regions over time makes 
animal density as used here not feasible to be included in 
the statistical models.

Alphaherpesvirus, presumably CvHV2, seems to be 
common in most reindeer and caribou populations that 
have been investigated [6, 12, 17, 36]. Furthermore, it has 
been shown that CvHV2 infections can be reactivated by 
immunosuppression and stress [10, 37, 38] causing out-
breaks of IKC and possibly other and more subtle health 
disorders [6, 8, 12]. Thus, given the broad geographical 
distribution in many subspecies and populations of Rang-
ifer, CvHV2 infections may have larger health impacts on 
these populations than previously estimated.

The results also indicated that MCFV is enzootic in 
some regions in Finland, which again is similar to find-
ings in Norway [14]. However, the seroprevalence in Fin-
land (29.0%, range 3.5–62.2%) was almost three times as 
high as that in Norway (11%, range 2–15%) [14]. In con-
trast to the results for alphaherpesvirus, the prevalence 
of antibodies against MCFV was higher in the southern-
most region (Region 1, 50.0%) compared to the north-
ernmost region (Region 4, 8.1%). This observation is 
geographically similar to the recent findings in Norway, 
with a higher seroprevalence in the four southernmost 
sampling regions (Region 5–8; mean 14.7%) compared 
to the four northernmost sampling regions (Region 1–4; 
mean 6.3%) [14]. Results from screening 3339 semi-
domesticated reindeer in Finnmark County, Norway, 
showed that the risk of exposure increased with increas-
ing population density within the region [13]. This is in 

contrast to and opposite of the findings for the Finnish 
reindeer (this study), indicating that animal density alone 
may not be the only or major risk factor for exposure to 
MCFV. In the same screening (Finnmark, Norway), the 
seroprevalence was significantly higher for adults than 
for calves [13], whereas no significant age difference was 
found in the present study (Finland).

The MCFV cELISA used in this study is based on a 
viral epitope present in all viruses in the MCFV group, 
therefore it does not allow for identification of the spe-
cific MCFV infecting the animals. Based on the relatively 
high prevalence of seropositive animals, up to 62.2% 
in Region 1, with no report of clinical cases, it is possi-
ble that a reindeer specific MCFV that has not yet been 
identified is present in the population, or the reindeer 
may be sub-clinically infected with a known MCFV, most 
likely OvHV-2 and/or CpHV-2, which have been shown 
to infect cervids in Norway [11]. Alternatively, cross reac-
tivity in the MCFV cELISA with Rangiferine gammaher-
pesvirus 1, a close relative of MCFVs recently reported in 
reindeer [39] may explain the seroprevalence observed 
in Finland. Follow up studies to test these hypotheses are 
needed to better inform about the impact of gammaher-
pesvirus infections in reindeer populations.

The prevalence of antibodies against Pestivirus (0.67%) 
was similar to recent findings in three Finnish herds 
(2016–2017; n = 122) showing a seroprevalence of 2.5% 
[15]. Both results are surprisingly low compared to recent 
findings in semi-domesticated reindeer in Norway show-
ing a seroprevalence of 12–19% [14, 32] and in Sweden 
where a serological screening of 1158 semi-domesticated 
reindeer in 2001–2002 revealed a seroprevalence of 32% 
[7]. A more recent screening in Norway and Sweden 
confirmed higher seroprevalence estimates for the two 
countries, 41% in Norway and 49% in Sweden, based on 
samples from three different and geographically sepa-
rated herds in both countries [15]. Although several sero-
logical screenings have documented exposure of wild and 
semi-domesticated reindeer and caribou to Pestivirus, no 
Pestivirus has been isolated from these populations. An 
experimental inoculation of reindeer with BVDV caused 
loose stool with blood and mucus, serous to mucopuru-
lent nasal discharge and transient coronitis and laminitis 
[40]. Furthermore, a Pestivirus, designated V60, was iso-
lated from a reindeer that suffered from diarrhoea and 
anorexia in a German zoo in 1996 [41, 42]. Virus char-
acterization studies have shown that this virus was most 
closely related to Pestivirus D (BDV-2) [42, 43]. Although 
no clinical disease has been associated with Pestivirus 
infections in semi-domesticated reindeer under normal 
herding conditions or in wild reindeer, the findings from 
the case in a zoo and the experimental inoculation sug-
gest that reindeer are susceptible to Pestivirus infections. 
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The high seroprevalence in certain herds and regions 
further suggests that Pestivirus infections may impact 
the health status of reindeer, which should be further 
investigated.

No antibodies were detected against BTV or SBV, and 
no exposure of semi-domesticated or wild reindeer to 
these viruses has so far been reported in the available lit-
erature. However, when screening Eurasian tundra rein-
deer in zoos in Germany (2013; n = 118) a seroprevalence 
of 3.4% and 59% was found against BTV and SBV, respec-
tively, indicating that reindeer are susceptible to these 
infections [33]. This should be kept in mind should BTV 
again increase its distribution in cervid populations in 
Europe.

We have revealed that Finnish reindeer are exposed to 
several infectious agents that are pathogenic to reindeer. 
Clinical cases and sometimes disease outbreaks are shed-
ding light on the importance of such infections, but it is 
often challenging to evaluate their overall impact, espe-
cially on population level. Furthermore, we know that the 
presence and exposure to a pathogen may not alone elicit 
a disease outbreak, that disease outbreaks may be associ-
ated with stress (e.g., transport, feeding) and that patho-
gens may operate together, causing several and different 
disease outbreaks in the same herd, such as CE (ORFV), 
IKC (CvHV-2) and necrobacillosis (F. necrophorum) [44].

A changing climate, such as rain-on-snow events that 
may cause ice-locked pastures, and encroachment of 
pastureland have initiated mitigating actions in reindeer 
herding [1]. This may further affect the level of exposure 
to viruses and other pathogens in the future. For exam-
ple, the practice of feeding reindeer, especially if done in 
corrals and for extended periods of time, may facilitate 
transmission of infectious agents between animals due 
to increased nose-to-nose contact, aerosol transmis-
sion and poor hygienic conditions at gathering spots [44, 
45]. Intensive feeding may also represent a closer link 
between livestock and semi-domesticated reindeer due 
to e.g., sharing of feed, feed production lines, corrals, ani-
mal transport and equipment. Thus, the presence, preva-
lence and exposure to reindeer pathogens is expected to 
change over time, necessitating continuous surveillance 
of health parameters of this species.

Conclusions
The results of this study add to the knowledge on rein-
deer health and on the presence, prevalence and epi-
demiology of the viruses investigated. Comparable to 
Norway and Sweden, alphaherpesvirus and gammaher-
pesvirus (MCFV) seems to be enzootic in Finnish rein-
deer, whereas the seroprevalence against Pestivirus was 
surprisingly low in Finland as compared to reindeer in 
Norway and Sweden. These results constitute a reference 

baseline information that is useful to address future 
changes in the reindeer herding industry in Finland.

Acknowledgements
The authors wish to thank Ellinor Hareide for valuable help with the laboratory 
analyses and Rod Wolstenholme UiT for producing the map (Fig. 1).

Author contributions
SL, PJ and MT planned the study. SL and PJ conducted sampling of reindeer. 
HL and CWC provided the serological test for MCFV. EMB conducted the 
serological analyses. EMB, MT and CWC evaluated the results. BF conducted 
the statistical analyses. MT wrote the first draft of the manuscript. All authors 
provided editorial inputs. All authors read and approved the final manuscript.

 Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author upon request.

Declarations

Ethics approval and consent to participate
The reindeer were slaughtered for regular human consumption and not for 
the purpose of this study. Blood samples were collected during bleeding of 
the reindeer at slaughter, as part of the slaughter procedures. The study was 
conducted to support general health surveillance of the herds, and the study 
was thus not classified as an animal experiment.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Forestry and Wildlife Management, Inland Norway Uni-
versity of Applied Sciences, 2480 Koppang, Norway. 2 Department of Arctic 
and Marine Biology, UiT the Arctic University of Norway, Framstredet 39, 
Breivika, 9019 Tromsö, Norway. 3 Animal Disease Research Unit, US Department 
of Agriculture‑Agricultural Research Service, Washington State University, 
Pullman, WA, USA. 4 Infectious Disease Preparedness, Statens Serum Institut, 
Copenhagen, Denmark. 5 Faculty of Veterinary Medicine, University of Helsinki, 
Helsinki, Finland. 

Received: 18 May 2022   Accepted: 17 February 2023

References
	1.	 Horstkotte T, Lépy É, Risvoll C. Stödutfodring i renskötseln – resultat från 

en workshop mellan renskötare och forskare från Norge, Sverige och 
Finland. Umeå: Umeå universitet; 2020.

	2.	 Poromies 2019 (Reindeer Herders Association). Porotalouden tilastoja 
2017–2018 (Reindeer husbandry statistics 2017–2018). Poromies 2/2019, 
Paliskuntain yhdistys, p. 36–7.

	3.	 Regional State Administrative Agencies of Lapland, 2022. https://​avi.​fi/​en/​
lapla​nd. Accessed 22 Dec 2022.

	4.	 Reindeer Herders Association 2022. https://​palis​kunnat.​fi/​reind​eer-​herde​
rs-​assoc​iation/​reind​eer-​info/. Accessed 22 Dec 2022.

	5.	 Laaksonen S, Jokelainen P, Pusenius J, Oksanen A. Is transport distance 
correlated with animal welfare and carcass quality of reindeer (Rangifer 
tarandus tarandus)? Acta Vet Scand. 2017;59:17.

	6.	 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. https://​doi.​
org/​10.​1016/j.​vetmic.​2010.​02.​015.

	7.	 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.

https://avi.fi/en/lapland
https://avi.fi/en/lapland
https://paliskunnat.fi/reindeer-herders-association/reindeer-info/
https://paliskunnat.fi/reindeer-herders-association/reindeer-info/
https://doi.org/10.1016/j.vetmic.2010.02.015
https://doi.org/10.1016/j.vetmic.2010.02.015


Page 9 of 10Tryland et al. Acta Veterinaria Scandinavica            (2023) 65:8 	

	8.	 Tryland M, das Neves CG, Sunde M, Mørk T. Cervid herpesvirus 2, the 
primary agent in an outbreak of infectious keratoconjunctivitis in semi-
domesticated reindeer. J Clin Microbiol. 2009;47:3707–13. https://​doi.​org/​
10.​1128/​JCM.​01198-​09.

	9.	 Tryland M, Sánchez Romano J, Marcin N, Nymo IH, Josefsen TD, Sørensen 
KK, Mørk T. Cervid herpesvirus 2 and not Moraxella bovoculi caused 
keratoconjunctivitis in experimentally inoculated semi-domesticated 
Eurasian tundra reindeer. Acta Vet Scand. 2017;59:23. https://​doi.​org/​10.​
1186/​s13028-​017-​0291-2.

	10.	 das Neves CG, Mørk T, Thiry J, Godfroid J, Rimstad E, Thiry E, et al. Cervid 
herpesvirus 2 experimentally reactivated in reindeer can produce gener-
alized viremia and abortion. Virus Res. 2009;145:321–8. https://​doi.​org/​10.​
1016/j.​virus​res.​2009.​08.​002.

	11.	 Vikøren T, Li H, Lillehaug A, Jonassen CM, Böckerman I, Handeland K. 
Malignant catarrhal fever in free-ranging cervids associated with OvHV-2 
and CpHV-2 DNA. J Wildl Dis. 2006;42:797–807.

	12.	 Tryland M, das Neves CG, Klein J, Mørk T, Hautaniemi M, Wensman JJ. 
Virus infections and diseases. In: Tryland M, Kutz S, editors. Reindeer and 
Caribou—health and disease. 1st ed. Boca Raton: CRC Press, Taylor & 
Francis; 2019. p. 273–303.

	13.	 das Neves CG, Ihlebæk HM, Skjerve E, Hemmingsen W, Li H, Tryland M. 
Gammaherpesvirus infection in semidomesticated reindeer (Rangifer 
tarandus tarandus): a cross-sectional, serologic study in northern Norway. 
J Wildl Dis. 2013;49:261–9. https://​doi.​org/​10.​7589/​2012-​07-​185.

	14.	 Tryland M, Sánchez Romano J, Nymo IH, Breines EM, Murguzur FJA, 
Kjenstad OC, et al. A screening for virus infections in eight herds of 
semi-domesticated Eurasian Tundra Reindeer (Rangifer tarandus tarandus) 
in Norway, 2013–2018. Front Vet Sci. 2021;8:707787. https://​doi.​org/​10.​
3389/​fvets.​2021.​707787.

	15.	 Omazic A, Aurosell C, Fedorov V, Hagström Å, Kantanen J, Leijon M, et al. 
Seroprevalence of pestivirus in Fennoscandian, Russian and Icelandic 
Eurasian tundra reindeer. Inf Ecol Epidemiol. 2019;9:1. https://​doi.​org/​10.​
1080/​20008​686.​2019.​16822​23.

	16.	 Lillehaug A, Vikoren T, Larsen IL, Akerstedt J, Tharaldsen J, Handeland K. 
Antibodies to ruminant alpha-herpesviruses and pestiviruses in Norwe-
gian cervids. J Wildl Dis. 2003;39(4):779–86. https://​doi.​org/​10.​7589/​0090-​
3558-​39.4.​779.

	17.	 Carlsson AM, Curry P, Elkin B, Russell D, Veitch A, Branigan M, et al. Multi-
pathogen serological survey of migratory caribou herds: a snapshot in 
time. PLoS ONE. 2019;14(7):e0219838. https://​doi.​org/​10.​1371/​journ​al.​
pone.​02198​38.

	18.	 Ruiz-Fons F, Sánchez-Matamoros A, Gortázar C, Sánchez-Vizcaíno JM. 
The role of wildlife in bluetongue virus maintenance in Europe: lessons 
learned after the natural infection in Spain. Virus Res. 2014;182:50–8. 
https://​doi.​org/​10.​1016/j.​virus​res.​2013.​12.​031.

	19.	 Niedbalski W. Bluetongue in Europe and the role of wildlife in the epide-
miology of disease. Pol J Vet Sci. 2015;18(2):455–61. https://​doi.​org/​10.​
1515/​pjvs-​2015-​0060.

	20.	 Gibbens N. Schmallenberg virus: a novel viral disease in northern Europe. 
Vet Rec. 2012;170:58. https://​doi.​org/​10.​1136/​vr.​e292.

	21.	 Wernike K, Conraths F, Zanella G, Granzow H, Gache K, Schirrmeier H, 
et al. Schmallenberg virus—two years of experiences. Prev Vet Med. 
2014;116:423–34. https://​doi.​org/​10.​1016/j.​preve​tmed.​2014.​03.​021.

	22.	 Wisløff H, Nordvik BS, Sviland S, Tønnessen R. The first documented clini-
cal case of Schmallenberg virus in Norway: fetal malformations in a calf. 
Vet Rec. 2014;174(5):120. https://​doi.​org/​10.​1136/​vr.​102149.

	23.	 Yon L, Duff JP, Ågren EO, Erdélyi K, Ferroglio E, Godfroid J, et al. Recent 
changes in infectious diseases in European wildlife. J Wildl Dis. 
2019;55(1):3–43. https://​doi.​org/​10.​7589/​2017-​07-​172.

	24.	 Laaksonen S, Oksanen A, Julmi J, Zweifel C, Fredriksson-Ahomaa M, 
Stephan R. Presence of foodborne pathogens, extended-spectrum 
β-lactamase-producing Enterobacteriaceae, and methicillin-resistant 
Staphylococcus aureus in slaughtered reindeer in northern Finland 
and Norway. Acta Vet Scand. 2017;59:2. https://​doi.​org/​10.​1186/​
s13028-​016-​0272-x.

	25.	 de 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. https://​doi.​org/​10.​1186/​1751-​0147-​51-9.

	26.	 Li H, Keller J, Knowles DP, Crawford TB. Recognition of another member of 
the malignant catarrhal fever virus group: an endemic gamma- herpes-
virus in domestic goats. J Gen Virol. 2001;82:227–32. https://​doi.​org/​10.​
1099/​0022-​1317-​82-1-​227.

	27.	 Li H, McGuire TC, Muller-Doblies UU, Crawford TB. A simpler, more sensi-
tive competitive inhibition enzyme-linked immunosorbent assay for 
detection of antibody to malignant catarrhal fever viruses. J Vet Diagn 
Invest. 2001;13:361–4. https://​doi.​org/​10.​1177/​10406​38701​01300​417.

	28.	 Deregt D, Masri SA, Cho HJ, Bielefeldt OH. Monoclonal antibodies to the 
p80/125 gp53 proteins of bovine viral diarrhea virus: their potential use 
as diagnostic reagents. Can J Vet Res. 1990;54:343–8.

	29.	 Vandenbussche F, Vanbinst T, Verhevden B, Van Dessel W, Demeestere L, 
Houdart P, et al. Evaluation of antibody-ELISA and real-time RT-PCR for 
the diagnosis and profiling of bluetongue virus serotype 8 during the 
epidemic in Belgium in 2006. Vet Microbiol. 2008;129:15–27. https://​doi.​
org/​10.​1016/j.​vetmic.​2007.​10.​029.

	30.	 Linden A, Desmecht D, Volpe R, Wirtgen M, Pirson J, Paternostre J, et al. 
Epizootic spreads of Schmallenberg virus among wild cervids, Belgium, 
fall 2011. Emerg Infect Dis. 2012;18:2006–8. https://​doi.​org/​10.​3201/​eid18​
12.​121067.

	31.	 das Neves CG, Rimstad E, Tryland M. Cervid herpesvirus 2 causes respira-
tory and fetal infections in semidomesticated reindeer. J Clin Microbiol. 
2009;47:1309–13. https://​doi.​org/​10.​1128/​JCM.​02416-​08.

	32.	 de Neves CG, Wensman JJ, Nymo IH, Skjerve E, Alenius S, Tryland M. Pesti-
virus infections in semi-domesticated Eurasian tundra reindeer (Rangifer 
tarandus tarandus): a retrospective cross- sectional serological study in 
Finnmark County, Norway. Viruses. 2020;12:29. https://​doi.​org/​10.​3390/​
v1201​0029.

	33.	 Sánchez Romano J, Grund L, Obiegala A, Nymo IH, Ancin-Murguzur FJ, Li 
H, et al. A multi-pathogen screening of captive reindeer (Rangifer taran-
dus) in Germany based on serological and molecular assays. Front Vet Sci. 
2019;6:461. https://​doi.​org/​10.​3389/​fvets.​2019.​00461.

	34.	 R Core Team. R: a language and environment for statistical computing. 
Vienna: R Foundation for Statistical Computing; 2021. https://​www.R-​
proje​ct.​org/. Accessed 22 Dec 2022.

	35.	 Venables WN, Ripley BD. Modern applied statistics with S. 4th ed. New 
York: Springer; 2002. ISBN 978-0-387-95457-0.

	36.	 Evans AL, das Neves CG, Finstad GF, Beckmen KB, Skjerve E, Nymo IH, 
Tryland M, et al. Evidence of alphaherpesvirus infections in Alaskan 
caribou and reindeer. BMC Vet Res. 2012;8:5. https://​doi.​org/​10.​1186/​
1746-​6148-8-5.

	37.	 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. https://​doi.​org/​10.​1186/​
BF035​48174.

	38.	 Rockborn G, Rehbinder C, Klingeborn B, Lefler M, Klintevall K, Nikkilä T, 
et al. The demonstration of a herpesvirus, related to bovine herpesvirus 1, 
in reindeer with ulcerative and necrotizing lesions of the upper alimen-
tary tract and nose. Rangifer. 1990;10(Special issue No 3):373–84.

	39.	 Das Neves CG, Sacristán C, Madslien K, Tryland M. Gammaherpesvirus in 
cervid species from Norway: characterization of a new virus in wild and 
semi-domesticated Eurasian Tundra Reindeer (Rangifer tarandus taran-
dus). Viruses. 2020;12(8):E876. https://​doi.​org/​10.​3390/​v1208​0876.

	40.	 Morton J, Evermann JF, Dieterich RA. Experimental infection of reindeer 
with bovine viral diarrhea virus. Rangifer. 1990;10:75–7. https://​doi.​org/​10.​
7557/2.​10.2.​797.

	41.	 Becher P, Orlich M, Kosmidou A, Konig M, Baroth M, Thiel HJ. Genetic 
diversity of pestiviruses: identification of novel groups and implications 
for classification. Virology. 1999;262:64–71. https://​doi.​org/​10.​1006/​viro.​
1999.​9872.

	42.	 Becher P, Ramirez R, Avalos MO, Rosales SC, Konig M, Schweizer M, et al. 
Genetic and antigenic characterization of novel pestivirus genotypes: 
implications for classification. Virology. 2003;311(1):96–104. https://​doi.​
org/​10.​1016/​s0042-​6822(03)​00192-2.

	43.	 Avalos-Ramirez R, Orlich M, Thiel HJ, Becher P. Evidence for the presence 
of two novel pestivirus species. Virology. 2001;286:456–65. https://​doi.​
org/​10.​1006/​viro.​2001.​1001.

	44.	 Tryland M, Nymo IH, Sánchez Romano J, Mørk T, Klein J, Rockström U. 
Infectious disease outbreak associated with supplementary feeding of 
semi-domesticated reindeer. Front Vet Sci. 2019;6:126. https://​doi.​org/​10.​
3389/​fvets.​2019.​00126.

https://doi.org/10.1128/JCM.01198-09
https://doi.org/10.1128/JCM.01198-09
https://doi.org/10.1186/s13028-017-0291-2
https://doi.org/10.1186/s13028-017-0291-2
https://doi.org/10.1016/j.virusres.2009.08.002
https://doi.org/10.1016/j.virusres.2009.08.002
https://doi.org/10.7589/2012-07-185
https://doi.org/10.3389/fvets.2021.707787
https://doi.org/10.3389/fvets.2021.707787
https://doi.org/10.1080/20008686.2019.1682223
https://doi.org/10.1080/20008686.2019.1682223
https://doi.org/10.7589/0090-3558-39.4.779
https://doi.org/10.7589/0090-3558-39.4.779
https://doi.org/10.1371/journal.pone.0219838
https://doi.org/10.1371/journal.pone.0219838
https://doi.org/10.1016/j.virusres.2013.12.031
https://doi.org/10.1515/pjvs-2015-0060
https://doi.org/10.1515/pjvs-2015-0060
https://doi.org/10.1136/vr.e292
https://doi.org/10.1016/j.prevetmed.2014.03.021
https://doi.org/10.1136/vr.102149
https://doi.org/10.7589/2017-07-172
https://doi.org/10.1186/s13028-016-0272-x
https://doi.org/10.1186/s13028-016-0272-x
https://doi.org/10.1186/1751-0147-51-9
https://doi.org/10.1099/0022-1317-82-1-227
https://doi.org/10.1099/0022-1317-82-1-227
https://doi.org/10.1177/104063870101300417
https://doi.org/10.1016/j.vetmic.2007.10.029
https://doi.org/10.1016/j.vetmic.2007.10.029
https://doi.org/10.3201/eid1812.121067
https://doi.org/10.3201/eid1812.121067
https://doi.org/10.1128/JCM.02416-08
https://doi.org/10.3390/v12010029
https://doi.org/10.3390/v12010029
https://doi.org/10.3389/fvets.2019.00461
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1186/1746-6148-8-5
https://doi.org/10.1186/1746-6148-8-5
https://doi.org/10.1186/BF03548174
https://doi.org/10.1186/BF03548174
https://doi.org/10.3390/v12080876
https://doi.org/10.7557/2.10.2.797
https://doi.org/10.7557/2.10.2.797
https://doi.org/10.1006/viro.1999.9872
https://doi.org/10.1006/viro.1999.9872
https://doi.org/10.1016/s0042-6822(03)00192-2
https://doi.org/10.1016/s0042-6822(03)00192-2
https://doi.org/10.1006/viro.2001.1001
https://doi.org/10.1006/viro.2001.1001
https://doi.org/10.3389/fvets.2019.00126
https://doi.org/10.3389/fvets.2019.00126


Page 10 of 10Tryland et al. Acta Veterinaria Scandinavica            (2023) 65:8 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	45.	 Utaaker KS, Ytrehus B, Davey ML, Fossøy F, Davidson RK, Miller AL, et al. 
Parasite spillover from domestic sheep to wild reindeer—the role of salt 
licks. Pathogens. 2023;12:186. https://​doi.​org/​10.​3390/​patho​gens1​20201​
86.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.3390/pathogens12020186
https://doi.org/10.3390/pathogens12020186

	A serological screening for potential viral pathogens among semi-domesticated Eurasian tundra reindeer (Rangifer tarandus tarandus) in Finland
	Abstract 
	Background 
	Results 
	Conclusions 

	Background
	Methods
	Sampling
	Serological analyses
	Statistical analyses

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


