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Introduction

Climate change, in combination with loss of land, has increased the need for 
supplementary winter feeding of semi- domesticated reindeer in Fennoscandia 
(Chapter 12). Feeding a reindeer requires that sufficient good quality feed is 
provided, while also keeping the right timing and conditions to avoid health 
and disease problems. Even though reindeer are gregarious, feeding may con-
tribute to even higher animal density and more nose- to- nose contact between 
animals, thus facilitating transmission of infectious agents that may cause disease 
in reindeer. Poor hygienic conditions in feeding corrals may further increase 
exposure to pathogens, especially for newborn calves and other immunologic-
ally naïve animals.

Climate change affects all life in an ecosystem, including insects and other 
arthropod populations. Some are associated with reindeer as ectoparasites, with 
the subsequent harassment and stress, and may cause diseases and secondary 
infections. Other arthropods are temporary blood- sucking parasites that may also 
act as vectors for parasites, bacteria and viruses that can cause disease in reindeer.

In this chapter, we present some common conditions directly related to feed 
and feeding regimes, as well as the most relevant infectious agents and insect 
vectors that may cause or contribute to disease in semi- domesticated reindeer 
in Fennoscandia; we also address how they may be affected by climate change.

Health challenges and diseases associated with feeding

Disease conditions related to feed and feeding regimes

Several of the health problems associated with feeding are related to the change 
of diet and the fact that the rumen microorganisms need time to adapt to the 
new diet. Other problems are associated with unsuitable feedstuffs and poor 
hygienic quality of the feed.
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Ruminal acidosis

In ruminal acidosis, digestion stops because the rumen content has become too 
acidic. It is a serious and relatively common condition when reindeer are shifted 
from natural pasture to grain- based commercial pelleted feed.

In a well- functioning reindeer rumen, the pH varies between 6 and 7 
(Nilsson et al. 2006). Grain- based feeds for reindeer contain easily digestible 
carbohydrates (primarily starch) that lower the rumen pH when fed in large 
amounts. This affects the rumen microorganism population and may result in 
the growth of lactic acid- producing bacteria such as lactobacilli, making the 
rumen pH drop to 4– 5 (Åhman et al. 2018). This can cause metabolic and 
life- threatening acidosis. Ruminal acidosis usually occurs within three weeks 
of the start of feeding (Åhman et al. 2018). Reindeer with ruminal acidosis 
are often lethargic, having poor appetite, increased thirst, decreased or ceased 
rumen contractions and sometimes diarrhoea (Rehbinder & Nikander 1999). 
The rumen content becomes liquid, which causes a typical sloshing sound from 
the stomach, thus the common name “skvalpmage” or “rippling belly”.

It is difficult to treat severe cases of rumen acidosis, while early or milder 
cases may be cured by changing to a lichen diet or by providing a liquid energy 
mix with bicarbonate that can neutralize the rumen content.

Diarrhoea

Diarrhoea in reindeer is relatively common at the onset of feeding with grain- 
based pellets but has also been observed in reindeer that have been fed high- 
fibre diets (e.g., Josefsen et al. 2007). Diarrhoea may be only transient, but severe 
cases must be treated. Diarrhoea can also be caused by bacterial infections in the 
digestive tract, discussed later in this chapter.

Wet belly

A seemingly unique condition in reindeer that is associated with feeding is wet 
belly syndrome. Affected reindeer start to perspire, making the haircoat wet 
under the belly and often down the legs (Figure 13.1), sometimes also in the 
neck region (Åhman et al. 2002). Additional signs may be that the reindeer have 
an extraordinary appetite and that they get cold and curl up when lying down. 
The condition has been reported since the 1960s, when feeding experiments 
with reindeer started (e.g., Persson 1967).

The reason for wet belly is unknown. Hay or high- fibre diets containing 
straw have been suggested as causes of wet belly (Jacobsen & Skjenneberg 1977). 
However, Åhman et al. (2002) showed that wet belly may also occur when reindeer 
are fed a “natural” diet (e.g., lichens, bilberry shrubs and willow leaves) with no 
grass forage. Thus, although linked to feeding, wet belly seems not to be associated 
with any special feedstuff. Nonetheless, it is usually effective to change the feed.
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Bloat

Bloat, or ruminal tympany, occasionally affects reindeer during feeding (Åhman 
et al. 2018). It happens when the rumen is filled with gas or foam, and the 
animal is unable to burp up the gas. This causes a high and rapidly increasing 
pressure in the abdomen that may obstruct breathing and blood circulation, 
and the animal can die. The probable reason is the intake of large amounts of 
concentrates.

Figure 13.1  Reindeer with wet belly. The condition is characterized by wet fur under 
the belly and down the hind legs and by an extraordinarily strong appetite.

Photo: Svenska Samernas Riksförbund/ Gård & Djurhälsans bildarkiv för renens hälsa.
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Accumulation of grass

The digestive system of reindeer is not adapted to handling large amounts of 
fibre (Hofmann 1989). Accumulation of undigested grass in the rumen is thus 
a well- known condition in reindeer that are fed mainly with hay or grass silage 
(Åhman et al. 2018). When grass is not digested, the reindeer do not get enough 
energy, remains hungry and continues to eat, but may die from emaciation 
although its rumen is full of forage. In most cases, the condition can be reversed 
if the animal is provided with more easily digested feed.

Infections and diseases associated with increased animal density  
and hygienic conditions

Feeding of reindeer will increase animal- to- animal contact and may also con-
tribute to unfavourable hygienic conditions facilitating transmission of reindeer 
pathogens, especially in corrals and when the animals are fed over extended 
periods of time. Wet conditions and accumulation of faeces and mud may 
create a situation that results in infections affecting young calves (Foster 2010; 
Wikström 2014). Reindeer are sometimes infected with opportunistic bacteria, 
such as staphylococci, streptococci, Escherichia coli and Trueperella pyogenes, which 
may cause localized or generalized infectious diseases, but also with specific 
bacterial pathogens, such as Salmonella sp., Moraxella sp., Listeria sp., Mycoplasma 
sp. and others (Josefsen et al. 2019). Some selected infectious diseases in reindeer 
that may be associated with feeding are discussed below.

Infectious keratoconjunctivitis: Alphaherpesvirus and secondary bacterial infections

The eye disease infectious keratoconjunctivitis (IKC) was first thoroughly described 
in Scandinavian reindeer in Sweden (Bergman 1912). IKC in reindeer has been 
described as a multi- factorial disease, and a plethora of microorganisms have been 
identified in the eyes of affected reindeer, including the alphaherpesvirus cervid 
herpesvirus 2 (CvHV2), Chlamydia spp. and Moraxella spp. (Sánchez Romano 
et al. 2018; 2019; Tryland et al. 2009). CvHV2 is enzootic in most reindeer 
populations in Fennoscandia (das Neves et al. 2010), and a clinical trial with this 
virus demonstrated that it had the capacity to cause severe IKC in reindeer with 
no previous exposure and immunity to the virus (Tryland et al. 2017). However, 
this finding does not exclude the possibility of other pathogens being involved in 
the pathogenesis of IKC in reindeer (Sánchez Romano et al. 2018; 2019).

IKC may be seen in single animals in a herd but can also appear as large 
outbreaks, affecting tens or hundreds of animals, primarily calves and yearlings. 
Such outbreaks have been associated with stress and supplementary feeding 
(Tryland et al. 2009; Sánchez Romano et al. 2019). IKC can affect one or both 
eyes, and it often starts with increased lacrimation and fur discoloration under 
the eyes that can rapidly progress to purulent secretions, corneal and periorbital 
oedema, conjunctivitis and keratitis. The most severe cases may result in corneal 
ulcers, eye ruptures and permanent blindness (Tryland et al. 2009; 2017).
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The lack of an effective treatment for CvHV2 together with its enzootic 
status make it difficult to control viral IKC outbreaks, but broad- spectrum 
antibiotics have been used to control secondary bacterial infections (Sánchez 
Romano et al. 2019; Tryland et al. 2009). Single cases are often slaughtered 
at an early stage by the herders, whereas outbreaks are often dealt with by a 
veterinarian.

Parapoxvirus (contagious ecthyma)

Contagious ecthyma (CE) is a disease caused by viruses from the genus 
Parapoxvirus (family Poxviridae). The disease has been diagnosed in semi- 
domesticated reindeer under natural herding conditions in Sweden, Finland 
and Norway (Tryland et al. 2019). The parapoxvirus Orf (ORFV) is distributed 
worldwide and affects small ruminants and a wide range of wild ruminant 
species; it may also cause painful cutaneous lesions in people handling infected 
animals. Another parapoxvirus, Pseudocowpoxvirus (PCPV), which has cattle 
as its main reservoir, has been associated with several CE outbreaks in Finland 
(Tryland et al. 2019).

Contagious ecthyma in reindeer is usually characterized by proliferative 
“cauliflower- like” lesions in the skin around the mouth and nostrils, as well as 
in the oral mucosa (Tryland et al. 2019). CE starts with the entry of the virus 
through small skin or mucosal lesions. The initially small and pink proliferative 
lesions develop to larger masses, often covered by thick, black crusts. Animals in 
the later stages of the disease may be unable to eat, and reduced body condi-
tion and emaciation can be observed. Currently, there is no specific treatment 
against CE, but supportive therapy and antibiotics can be used to control sec-
ondary bacterial infections.

Necrobacillosis

Necrobacillosis is caused by the bacterium Fusobacterium necrophorum, which 
is an obligate anaerobic rod that is part of the normal ruminal microbiota of 
ruminants, including reindeer (Aagnes et al. 1995). It is thus present in the envir-
onment but not able to penetrate intact skin or mucosal membranes. Abrasions 
and lesions, caused by external factors, viral infections or the eruption of new 
teeth in young animals, may pave the way for opportunistic infection by this 
bacterium. Although F. necrophorum is regarded as the primary pathogen, other 
opportunistic bacteria may contribute to the disease, such as Trueperella pyogenes 
and Staphylococcus aureus (Josefsen et al. 2019). In the past, necrobacillosis 
was mainly recorded as an infection of the feet, but also of the oral mucosa 
(Skjenneberg & Slagsvold 1968; Rehbinder & Nikander 1999). During recent 
disease outbreaks in semi- domesticated reindeer, the oral form has dominated, 
being associated with corralling and supplementary feeding (Wikström 2014; 
Tryland et al. 2019b). However, necrobacillosis may also affect the rumen and 
cause severe lesions, disease and mortality in animals showing no clinical signs 
in the mouth (Figure 13.2).
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Figure 13.2  Necrobacillosis in reindeer can usually be identified as affecting the distal part 
of the legs (digital necrobacillosis) or the oral mucosa (oral necrobacillosis). 
However, the infection may also affect internal organs such as the rumen or 
liver, with no visible necrotic lesion on the oral mucosa. (a) the outside (serosa) 
of the rumen was necrotized and rumen content was leaking out in the 
abdomen. (b) An inspection of the inside of the rumen (mucosa) confirmed 
necrotic lesions.

Photo: Svenska Samernas Riksförbund/ Gård & Djurhälsans bildarkiv för renens hälsa.
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Pasteurellosis

Pasteurellosis in reindeer refers to a disease caused by the bacterium Pasteurella 
multocida (Josefsen et al. 2019), which is found as a commensal organism in the 
throat and the upper respiratory tract of many animal species. The potential 
pathogen is transmitted via direct contact between animals and is known to 
cause disease when associated with stress, such as heat, drought, insect harass-
ment and animal transport, especially affecting young animals (Nordkvist & 
Karlsson 1962). In reindeer, pasteurellosis is usually characterized by per- acute 
haemorrhagic septicaemia, and animals can be found dead with no previously 
recorded clinical signs. With a more prolonged disease course, nasal discharge 
and coughing are common, and the calves display weakness and apathy and 
often die (Josefsen et al. 2019). Pasteurellosis in reindeer was first described 
to appear as large epizootics among semi- domesticated reindeer in Norway 
and Sweden in 1912– 1914 (Horne 1915). Several outbreaks of pasteurellosis 
have been reported in Fennoscandia during the past century. An outbreak in a 
slaughter corral in Norway in 2010 caused septicaemia and killed 44 reindeer 
calves (Mørk et al. 2014).

Altered distribution of arthropods, arthropod vectors and 
associated reindeer pathogens

Some arthropods such as ticks, mosquitoes and midges feed on reindeer as tem-
porary blood- sucking parasites. Through this blood- sucking activity, arthropods 
may act as vectors and transmit parasites, bacteria and viruses between hosts. 
The development and activity of arthropods depend on climatic conditions, 
such as wind, precipitation and temperature, which are factors that are expected 
to change in the northern regions (IPCC 2021). Thus, climate change may 
impact the epidemiology of vector- borne diseases (Wittmann & Baylis 2000; 
Ogden & Lindsay 2016). The generally low temperatures in Arctic regions are, 
in fact, close to minimum requirements for insect locomotion, and thus largely 
determine their activity patterns (Strathdee & Bale 1998). Snow cover, bird 
migration and plant flowering have a great effect on the seasonal development 
of insects and other arthropods (Strathdee & Bale 1998; Høye et al. 2007). They 
may also be quick responders to climatic conditions, having a short generation 
time, which also affects their role as vectors for infectious diseases for Rangifer 
(Boggs 2016).

Deer ked (Lipoptena cervi)

The deer ked (Lipoptena cervi) is a blood- sucking ectoparasite that is mainly 
associated with moose (Alces alces) and roe deer (Capreolus capreolus) in 
Fennoscandia (Välimäki et al. 2010). It has, however, expanded its range north-
wards during the last five years and is now affecting the reindeer herding area 
in Finland (Kynkäänniemi et al. 2020). The adults feed on the host’s blood and 
reproduce in its fur, potentially causing hair breakage and heat loss (Härkönen 
et al. 2010). Even though the potential impact of deer ked in semi- domesticated 
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reindeer has still not been thoroughly studied, there are indications of acute 
behavioural disturbances and an increase in potential stress due to deer ked 
infestation, which may pave the way for the appearance of several of the infec-
tious diseases mentioned above (Kynkäänniemi et al. 2014).

Reindeer pathogens transmitted by ticks

The tick (arthropod, class Arachnida) Ixodes ricinus is the primary arthropod 
vector of zoonotic diseases in Europe (Gilbert 2010; Heyman et al. 2010). This 
species mainly feeds on rodents, hares and cervids, but also on birds, livestock, 
pets and humans. The distribution of I. ricinus is expanding towards higher 
latitudes and upwards in elevation from coastal to inland areas (Medlock et al. 
2013; Jore et al. 2014; Mysterud et al. 2017). The conditions for ticks in higher 
altitudes may improve with predicted climate change scenarios, increasing the 
impact of ticks as disease vectors (Gilbert 2010). In Norway, ticks are now 
emerging on reindeer in Nordland county, sometimes combined with undiag-
nosed diseases. A recent study (2018– 2019) indicated that ticks are now present 
in almost all the northern municipalities in Sweden, and not only in coastal 
regions (Jaenson et al. 2012).

Anaplasmosis (Tick- borne fever)

Anaplasma phagocytophilum is a worldwide tick- borne bacterium that causes 
tick- borne fever in sheep, cattle and wildlife; in humans the disease is called 
anaplasmosis (Stuen et al., 2013). In general, the clinical symptoms of tick- 
borne fever are high fever, anorexia and dullness. Anti- anaplasma antibodies 
have recently been detected among reindeer in Nordland county, Norway, 
suggesting exposure and disease in the population (unpublished data). An 
experimental inoculation of reindeer with blood from infected sheep caused 
fever five days post inoculation, followed by dullness and anorexia, as well as a 
severe reduction of white blood cells by 40– 85%, demonstrating that reindeer 
are susceptible to A. phagocytophilum.

Borreliosis (Lyme’s disease)

Borreliosis (Lyme’s disease) is caused by bacteria of the Borrelia burgdorferi sensu 
lato complex, which, in Eurasia, is transmitted by I. ricinus and I. persulcatus. 
Borreliosis is estimated to affect 65,000 people in Europe annually (Berger 
2014). A study of ticks in Nordland county, Norway, revealed that 21% of the 
nymphs and 46% of adult ticks contained B. burgdorferi bacteria, suggesting that 
reindeer are most probably exposed (Hvidsten et al. 2015).

Babesiosis

The disease babesiosis is caused by a group of protozooans. Babesiosis is 
characterized by high fever and blood in the urine (haematuria), and high 
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mortality. Studies in southern Sweden revealed that 4% of the ticks carried 
Babesia spp. (Karlsson & Andersson 2016), and 53% of the cattle were exposed 
to B. divergens (Andersson et al. 2017). Babesiosis is only rarely reported from 
Norway and Finland. Reindeer have been shown to be susceptible to babesiosis 
(Langton et al. 2003; Wiegman et al. 2015).

Reindeer pathogens transmitted by mosquitoes and midges

Setaria tundra

Setaria tundra (Filarioidea; Onchocercidae) is a mosquito- borne filaroid nematode 
of which there have been several outbreaks in semi- domesticated reindeer in 
Finland, characterized by peritonitis and decreased body condition (Kutz et al. 
2019). Adult forms of S. tundra live in the peritoneal cavity of reindeer (definitive 
host). A larval stage (L1) is released into the bloodstream and ingested by mos-
quitoes, in which they develop into stage L3 infective larvae in a temperature- 
dependent process, taking approximately two weeks at 21 °C (Laaksonen et al., 
2009), before being transmitted to new hosts during mosquito feeding.

Bluetongue virus (BTV)

Bluetongue virus (BTV; genus Orbivirus, family Reoviridae) is transmitted by 
biting midges (Culicoides spp.) but can also have oral and transplacental trans-
mission (Backx et al. 2009). BTV causes an acute disease in naïve sheep, with 
fever, excessive salivation, oedema of the face and cyanosis of the tongue and lips 
(hence the name “bluetongue”). BTV also infects other domestic animals and 
most species of wild ruminants, although frequently with no clinical symptoms. 
Increased ambient temperatures may shorten the time from the uptake of the 
virus in a vector to when it is infective (Wittman et al. 2002) and facilitate virus 
replication, contributing to a longer season with infective vectors (Mullens et al. 
1995). BTV recently expanded its distribution, appearing in Denmark in 2007, 
Sweden in 2008 and Norway in 2009, but never seemed to reach the reindeer 
populations in these countries (Tryland et al. 2019).

Schmallenberg virus (SBV)

Schmallenberg virus (SBV; genus Orthobunyavirus, family Bunyaviridae) was first 
reported in dairy cattle in 2011 in Germany and the Netherlands, where it 
caused fever, diarrhoea and reduced milk production. This virus may also cause 
congenital malformations in newborn lambs, goat kids and calves, as well as 
premature birth, stillbirth or the birth of mummified foetuses (Wernike et al. 
2014). SBV is transmitted by biting midges (Culicoides spp.) or mosquitoes. In 
Sweden, a serological screening of roe deer, red deer, moose and fallow deer 
(Dama dama) revealed SBV- antibodies in samples obtained after the vector 
season of 2012, but no such antibodies were detected in 2015. A possible 
explanation for why SBV did not become established among wild cervids in 
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Sweden, in contrast to more southern parts of Europe, is the occurrence of a 
vector- free season during winter (Malmsten et al. 2017). Serological screenings 
of wild and semi- domesticated reindeer in Norway and Finland did not dem-
onstrate exposure of reindeer to SBV (Tryland et al. 2019).

Reindeer pathogens transmitted by other insect vectors

Rumenfilaria andersoni

Rumenfilaria andersoni (Splendidofilariinae; Onchocercidae) is a lymphatic- dwelling 
filaroid nematode that can be found in the lymphatic vessels of reindeer and 
other cervids, and as microfilariae larvae in peripheral blood. This parasite is 
transmitted by blood- sucking insects, but the actual vector, geographical dis-
tribution and health impact in reindeer remain unknown (Grunenwald et al. 
2016; Laaksonen et al. 2015).

Onchocerca spp.

The parasite Onchocerca skrjabini (= Onchocerca tarsicola) is transmitted by blackflies 
(Simuliidae) and biting midges (Ceratopogonidae), which transport the subcuta-
neous microfilaria from one host to another. The infection has been described 
in reindeer in Sweden and Finland (Kutz et al. 2019; Laaksonen et al. 2017). The 
adult parasites are often found in connective tissues surrounding the tendons 
of the tibio- tarsal and radio- carpal joints (Rehbinder et al. 1979) and severe 
infections have been associated with granulomatous nodules in most organs and 
severe haemorrhagic tarsitis in Finnish reindeer (Kutz et al. 2018).

Concluding remarks

In this chapter, we have described selected health conditions, diseases and 
infections in semi- domesticated reindeer that, directly or indirectly, will or may 
be affected by climate change. Climate change will affect ecosystems and may 
change reindeer herding. To track these changes and their potential impact on 
reindeer health, it is necessary to gather data on health and disease parameters 
from reindeer continuously, to be able to support the reindeer herding industry 
in the future.
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