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Disease in livestock 

Disease can be described as being a physical or mental condition which 

detrimentally impacts the normal functioning of an animal (Cockram and Hughes, 

2011). When an animal is diseased it is acknowledged that the level of welfare it 

experiences will always be poorer than when it is not suffering from disease (Broom 

and Corke, 2002), and “a freedom from pain, injury and disease, by prevention or 

rapid diagnosis and treatment”, forms one of the concepts of the five freedoms of 

animal welfare (FAWC, 2013). As outlined in Table 1, there are various ways in 

which disease can impact welfare. Briefly, these impacts are not limited to the pain 

and discomfort associated with disease, but further through hinderance of an 

animal’s ability to acquire the resources necessary to ensure its chances of survival 

(Salas and Manteca, 2016). The incidence of disease is also known to prevent 

animals from being able to perform natural behaviours (e.g., feeding, play and 

affiliative behaviours) and as such decreases the potential for diseased animals to 

experience positive mental states (Salas and Manteca, 2016).  

Within the livestock industry, the incidence of disease is of worldwide concern, 

especially in relation to the detrimental impacts of disease on animal health and 

welfare (Tomley and Shirley, 2009; McElwain and Thumbi, 2017). In the case of 

zoonoses, there is also significant concern surrounding the threat of such diseases 

to human health (Bennett, 2003; McElwain and Thumbi, 2017). The incidence of 

disease is of further concern based on its economic impact relating to issues such 

as reduced production, decreased perceived or actual product quality and consumer 

demand, increased international trade restrictions, premature culling and the cost of 

disease prevention and control (Morris, 1988; Bennett, 2003; McElwain and 

Thumbi, 2017). Of the numerous diseases to which livestock are susceptible, some 
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common diseases include mastitis, lameness, respiratory disease and pestivirus-

based diseases such as bovine viral diarrhoea (BVD), classical swine fever (CSF) 

and border disease (BD). 

Table 1. Potential impacts of disease on animal welfare (adapted from “Health and 
disease, in: Animal welfare (3rd ed.)”, by Cockram, M. S. and B. O. Hughes. 2018. 
Appleby, M. C., Olsson, I. A. S., and Galindo, F. (eds.). C.A.B International, 
Oxfordshire, UK). 

Pain and 
suffering 

Diseases which inflict pain and suffering are of particular concern. Tissue damage and sensitivity 
to pain can provide an insight to the level of pain experienced in response to disease (Rutherford, 
2002). In cattle some painful conditions include dystocia, mastitis, white line disease, digital 
dermatitis, joint ill and pneumonia (Huxley and Whay, 2006). Additionally, foot rot, flystrike 
and chronic mastitis have been identified as the most painful diseases affecting sheep 
(Fitzpatrick et al., 2006). 

Feeling ill Diseased animals are likely to feel ill and may show signs of anorexia, thirst, fever and nausea. 
In response to fever, compared to healthy calves which often spend time lying with their head 
and neck raised with an alert appearance and their ears held up, sick calves will often lie down 
with their neck and head lowered, ears drooped, and their limbs drawn in towards their body.  

Fear Fear may be experienced by diseased animals in response to disorientation or an impaired ability 
to respond to perceived threats. In response to respiratory disease or fever, calves may show 
increased fear and decreased exploratory behaviour (Cramer and Stanton, 2015). In cattle, 
lameness in addition to other factors such as slippery or uneven flooring surfaces or restricted 
movement, can cause insecurity in response to perceived threats. 

Distress Distress may be experienced as a result of impaired physiological functioning in response to 
disease. For example, hypoxaemia during respiratory disease can lead to breathlessness 
(Beausoleil and Mellor, 2015). 

Physical 
discomfort and 
reduced rest 

Disease can result in discomfort, leading to reduced time spent resting (Berriatua et al., 2001) 
and sleeping. In response to mastitis for example, cows have been found to decrease the amount 
of time spent lying (Siivonen et al., 2011). Prolonged periods of time spent lying in response to 
lameness or disease can result in pressure injuries and potentially muscle and skin damage (e.g., 
lame sows can develop shoulder wounds (Bonde et al., 2004), and broiler chickens can develop 
hock burn or breast blisters (Broom et al., 2006)). 

Weakness Disease can weaken an animal, thus reducing an animal’s ability to compete for essential 
resources such as food, which in turn leads to malnutrition. Additionally, as part of the immune 
response to overcome disease, prolonged energy expenditure (Colditz, 2002; Straub et al., 2010) 
can result in fatigue. Weakness may also impact an animal’s ability to care for their offspring. 

Thermal 
discomfort 

Diseases which trigger a fever response or result in prolonged periods of immobility can lead to 
increased heat loss. As a consequence, an animal may feel cold, and a reduced ability to move 
away from environmental conditions such as draughts, precipitation or solar radiation, combined 
with anorexia, dehydration or nutrient malabsorption can result in thermal discomfort 
(Balsbaugh et al., 1986). 

Hunger, thirst 
and reduced rest 

Lameness, injury and weakness can limit an animal’s mobility, which restricts their ability to 
obtain essential resources such as food, water or a suitable lying area. Lameness in broiler 
chickens can prevent the ability to access food and water and consequently they can succumb to 
dehydration and starvation (Butterworth et al., 2002).  

Impaired 
physical 
condition limiting 
function 

Disease can lead to emaciation (e.g., Johne’s disease, BVD) and impaired or total loss of function 
(e.g., blindness, deafness, paralysis and congestive heart failure). These effects can decrease 
vigour and impact an animal’s ability to perform natural behaviours and experience pleasurable 
activities (McMillan, 2003; Reynolds et al., 2010). Weakness or impaired perception as a result 
of disease can reduce the ability of an animal to avoid attack from conspecifics or predators. 
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Mastitis 

Mastitis is a disease relating to inflammation of the mammary gland which typically 

results from pathogenic infection (e.g., from bacteria such as Escherichia coli (E. 

coli) and Staphylococcus aureus (S. aureus)) of the gland cistern following 

pathogenic invasion of the teat canal (Banos et al., 2017), and is a disease 

particularly abundant in cattle, sheep, and goats worldwide (Rashid et al., 2017). 

Mastitis has been identified as the single most prevalent and costly disease within 

the dairy industry (Banos et al., 2017), with associated costs arising from issues 

such as reduced milk production, premature culling and veterinary treatment 

(Bennett and Ijpelaar, 2005; Aghamohammadi et al., 2018). In the UK, at an 

estimated cost of £120 million per year, mastitis is considered one of the main 

diseases affecting ewes (AHDB Beef and Lamb, 2016), and at a cost of £179.7 

million per year bovine mastitis is identified as the main disease impacting the UK 

agricultural industry (Bennett and Ijpelaar, 2005; Down et al., 2016). In New 

Zealand, it has been estimated that on average 12.7% of cows will be affected with 

mastitis (McDougall et al., 2007). Further, at an average cost of NZ$11,500 per 

herd (based on an average herd size of 315 cows), mastitis is estimated to cost the 

New Zealand dairy industry a total of NZ$180 million per year (NMAC, 2006; 

DairyNZ, 2013). In the USA, mastitis is estimated to cost the dairy industry an 

estimated US$1.8 billion annually (Viguier et al., 2009), and during 2013 was the 

most common disease identified in dairy cows, accounting for 24.8% of all health 

issues identified by producers (USDA, 2014a) (Figure 1). 
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Figure 1. Percentage of health issues identified in dairy cows by producers in the 
US dairy industry during 2013 (generated from data presented by USDA, 2014a). 

Lameness 

Referring to painful disorders arising from disease or injury of the hoof or leg, 

which result in impaired locomotion or an abnormal gait or posture (Van Nuffel et 

al., 2015), lameness is another key health concern for livestock. Lameness has 

considerable detrimental impacts on an animal’s level of welfare and has been 

linked to effects such as decreased milk production, feed intake, mobility, fertility, 

growth rates and weight loss (Hernandez et al., 2001; Rushen, 2001; Warnick et al., 

2001; Nieuwhof et al., 2008; Christodoulopoulos, 2009; Gelasakis et al., 2010; 

Wassink et al., 2010; Sadiq et al., 2017). Some common causes for lameness include 

digital dermatitis, foot rot, white line disease, sole ulcers, osteochondrosis and hoof 
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overgrowth (Murray et al., 1996; Scott et al., 1996; Gelasakis et al., 2010; Sullivan 

et al., 2014; Duncan and Angell, 2019). In sheep for example, since 1997, foot rot 

has consistently been identified as the most common cause of lameness in the UK 

(Groenevelt et al., 2015), with a UK survey conducted in 2008 indicating that foot 

rot was an issue for 96.0% of flocks (Kaler and Green, 2008). Foot rot is estimated 

to cost the UK sheep industry £24 million per year, approximately half of which 

relates to the cost of preventative measures, with the remaining half incurred 

through production losses and the cost of treatment (Nieuwhof and Bishop, 2005). 

In New Zealand, a survey of the Merino industry conducted in 2005, reported that 

foot rot was present in 59.0% of flocks and estimated that foot rot costs the industry 

NZ$11.4 million per year (Hickford et al., 2005). 

Respiratory diseases 

Respiratory diseases are another concern regarding the health and welfare of 

livestock. In cattle, respiratory diseases are caused by several pathogens which 

infect the respiratory tract and collectively result in the clinical condition commonly 

referred to as bovine respiratory disease (Delabouglise et al., 2017). Some of the 

common bacterial pathogens associated with the incidence of bovine respiratory 

disease (BRD) for example include Mycoplasma bovis, Mannheimia haemolytica, 

Pasteurella multocida and Histophilus somni (Fairly, 1996; Fulton, 2009; 

Delabouglise et al., 2017). Common viral agents associated with BRD include, 

bovine respiratory syncytial virus (BRSV), bovine herpesvirus type 1 (BHV-1), 

parainfluenza virus type 3 (PI3), bovine coronavirus (BCV), BVDV, and bovine 

adenovirus type 3 (BAdV-3) (Fairly, 1996; Fulton, 2009; Delabouglise et al., 2017).  
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The incidence of BRD is identified as the main health concern for the beef industry 

(Edwards, 2010; USDA 2013). In the USA, BRD is the leading cause of both 

morbidity and mortality in beef feedlots, associated with 70.0-80.0% and 40.0-

50.0% of all cases of morbidity and mortality respectively (Edwards, 2010). Whilst 

several of the pathogens associated with BRD are present in New Zealand, the 

prevalence of respiratory disease is minimal by comparison to other countries 

(Fairly, 1996). It is possible that whilst the pathogens associated with respiratory 

disease may be present in New Zealand, the particular strains may not be the same 

as those which result in the same degree of respiratory disease experienced overseas 

(Fairly, 1996). However, it is also possible that the same strains are in fact present 

in New Zealand, and it is instead differences in our management practices that 

minimise the risk of animals contracting respiratory disease (Fairly, 1996). For 

example, Pasteurella haemolytica related pneumonia is a rare occurrence in New 

Zealand cattle and yet is the leading cause of respiratory disease in North America 

(Fairly, 1996). Beef feedlots are extremely common in North America, compared 

to New Zealand where only a few beef feedlots exist and instead of being grain-fed, 

cattle are typically grass-fed (Fairly, 1996). The risk of contracting respiratory 

disease is considered to be greatest during or following transportation (Taylor et al., 

2010; Cirone et al., 2019). In North America, it is common for animals to be 

transported across long distances, mixed together in feedlots, and subjected to 

extreme temperatures which can further increase the susceptibility to respiratory 

disease. By comparison, in New Zealand cattle typically experience a more stable 

climate and are not subject to transportation across such long distances (Fairly, 

1996).  
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A current concern for the New Zealand livestock industry is the bacterial disease 

Mycoplasma bovis. Until its detection during July 2017, New Zealand was one of 

only two countries that were free from Mycoplasma bovis. Whilst the disease poses 

no risk of infection to humans and presents no food safety risk, it does pose serious 

concerns to cattle health and welfare (DairyNZ, 2020; MPI, 2020). The effects of 

Mycoplasma bovis on the health and welfare of cattle include untreatable mastitis, 

severe pneumonia, late-term abortion and arthritis (DairyNZ, 2020; MPI, 2020). No 

country with Mycoplasma bovis has ever managed to eradicate the disease and as it 

stands Norway is the only country currently free from the disease. Internationally, 

infected countries manage the disease through strict biosecurity practices on-farm, 

careful selection of replacement and breeding stock, and through ensuring the herd 

is in good health (MPI, 2020). Whilst it has never been achieved by any other 

country, New Zealand is currently working to eliminate Mycoplasma bovis through 

a phased programme of eradication. The programme involves continued tracing of 

all potentially affected cattle, and the testing and culling of herds with infected 

animals (DairyNZ, 2020). Since the disease was detected in 2017, as of September 

2nd 2020, a total of 250 properties have been identified as being infected and 

158,080 cattle have been culled (MPI, 2020). However, as of September 2nd 2020, 

249 of these infected properties have been cleared leaving just a single property still 

actively infected with Mycoplasma bovis (MPI, 2020). The total cost of eradication 

over 10 years was estimated at $886 million, $16 million of which was associated 

with the loss of production and the remaining $870 million associated with the cost 

of the eradication response (GovtNZ, 2018). Throughout the course of the 

eradication programme as of September 2nd 2020, a total of $171.2 million has been 

paid to farmers as compensation for losses incurred associated with the response 
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(MPI, 2020). Had New Zealand not taken steps to eradicate the disease it was 

estimated that over 10 years the disease would have cost the country $1.3 billion 

(GovtNZ, 2018). 

Other species of livestock are also susceptible to respiratory diseases, for example, 

pigs are susceptible to several respiratory conditions, often collectively referred to 

as porcine respiratory disease complex (PRDC) (Hansen et al., 2010; Cheong et al., 

2017). Common viral and bacterial pathogens associated with PRDC include 

porcine reproductive and respiratory syndrome virus (PRRSV), porcine circovirus 

type 2 (PCV-2), swine influenza virus (SIV), Mycoplasma hyopneumoiae and 

Pasteurella multocida (Opriessnig et al., 2011; Cheong et al., 2017; Qin et al., 

2017). Regarded as one of the main health issues affecting pig production, PRDC 

triggers lung damage which results in significant economic losses to the swine 

industry due to poor growth rate, reduced feed intake, treatment costs and increased 

mortality (Sorensen et al., 2006; Cheong et al., 2017; Qin et al., 2017). 

Pestiviruses 

Of further concern to the livestock industry are pestiviruses such as bovine viral 

diarrhoea virus (BVDV), classical swine fever virus (CSFV) and border disease 

virus (BDV) which respectively cause BVD, CSF and BD (Tao et al., 2013; 

Miroslaw and Polak, 2019). These viruses are capable of being transmitted from an 

infected mother to her foetus and consequently, she will give birth to offspring 

which are persistently infected and consequently shed the virus throughout their 

lives (Newcomer and Givens, 2013). Further complicating the control of these 

viruses is the issue that they can often present with mild clinical signs which can 
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mean the disease often goes undetected and thus spreads to further animals 

(Newcomer and Givens, 2013).  

Typically, cattle are the main species impacted by the BVDV. However, it is 

important to note that BVDV is also capable of infecting other species and as such 

has been reported in over 40 different species including alpacas, goats, sheep, pigs 

and deer (Ridpath, 2010; Nelson et al., 2016). In cattle, BVD causes mucosal 

disease, respiratory and gastrointestinal tract infections and reproductive issues 

(Tao et al., 2013; Nelson et al., 2016) and can result in weight loss, decreased milk 

production, and immune suppression which leads to an increased susceptibility to 

further diseases (BVDSC, 2019a). Referred to as a “hidden disease” whilst it may 

be actively influencing production, BVD can often go undetected (BVDSC, 2019a). 

In New Zealand, BVD is identified as one of the key diseases affecting cattle 

(BVDSC, 2019a). The BVDV is considered a worldwide pathogen (Heuer et al., 

2007; Richter et al., 2019), and as such BVD is also of significant concern to other 

countries where for example in the UK, BVD is recognised as one of the main 

endemic infections impacting the agricultural sector (Bennett and Ijpelaar, 2005). 

It is believed that 90.0% of UK beef and cattle herds have been exposed to BVDV 

and the virus is estimated to cost the industry £25-61 million per year (MSD UK, 

2020). At least 80.0% of New Zealand beef and dairy cattle have been exposed to 

BVD and at any one time, at least 65.0% of beef herds and 15.0% of dairy herds 

have active BVD infections (BVDSC, 2019a, 2019b). The cost of BVD to dairy 

farmers is estimated at NZ$127 million per annum, with a loss of NZ$70,000 per 

infected herd (based on an average herd size of 368 cows) (BVDSC, 2019a). For 

beef farmers with infected herds, BVD is estimated to cost around NZ$3000-$9000 

per 100 cows (BVDSC, 2019b).  
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In pigs, CSF is a particularly lethal disease which is often characterised by fever, 

lethargy, skin lesions, ataxia, abortion, huddling, anorexia, weakness, 

conjunctivitis, diarrhoea and lameness (OIE, 2009; Blome et al., 2017). North 

America, Australia and New Zealand are currently free of CSF, but the disease is 

found in Central and South America, Europe, Asia and Africa (OIE, 2019a). During 

the 1990s several large outbreaks of CSF occurred across Europe in the Netherlands 

(1997), Germany (1993-2000), Belgium (1990, 1993, 1994) and Italy (1995, 1996, 

1997) (OIE, 2019a). The outbreak in the Netherlands led to the destruction of 11 

million pigs at a cost US$2.3 billion (OIE, 2019a). 

Typically affecting sheep and goats, BD shows many similarities to BVD, however, 

its effects on reproduction are much more severe (Mao et al., 2015); where in sheep, 

for example, the disease causes abortions, stillbirths, barren ewes, and weak lambs 

(Mao et al., 2015). In addition to being weak and unable to stand, diseased lambs 

will often present with a tremor which can vary from a fine trembling of the head, 

ears and tail to severe rhythmic contracting of the muscles of the hind legs and back 

(OIE, 2019b). Coupled with these tremors, affected animals may also be identified 

based on having a hairier fleece than normal and hence BD is often referred to as 

‘hairy-shaker disease’ (OIE, 2019b). Compared to sheep, BD is less common in 

goats, and as abortion is the main clinical symptom persistent infection in goats is 

rare as abortion prevents the disease being carried on by the offspring (OIE, 2019b).  

Neonatal calf diarrhoea 

Recognised as the leading cause of morbidity and mortality in beef and dairy calves 

(Smith, 2012, 2019; Dillane et al., 2020), neonatal calf diarrhoea (NCD) is a disease 

of significant concern to beef and dairy industries worldwide, not only in relation 
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to the impact of NCD on animal welfare, but also in regard to the associated 

economic losses (Bazeley, 2003; Smith, 2012; Bonelli et al., 2018). The disease 

predominantly affects calves during their first month of life (Cho and Yoon, 2014; 

Bonelli et al., 2018) and has an immense detrimental impact on the welfare of 

affected animals. As an enteric disease, infectious pathogens inflict substantial 

damage on the intestines either through 1) the destruction of epithelial cells, which 

hinders the digestive and absorptive functioning of the intestines, and can result in 

inflammation; or 2) through the release of toxins which trigger an increased 

secretion of fluid into the gut (Bicknell and Noon, 1993). This damage to the 

intestines causes affected animals to suffer from severe diarrhoea, which 

consequently results in dehydration, weight loss, anorexia, acidosis, loss of 

electrolytes and mortality in extreme cases (Bicknell and Noon, 1993; Stoltenow 

and Vincent, 2003; Dillane et al., 2020). 

A number of bacterial, viral and protozoal agents are associated with the incidence 

of NCD; the main pathogens identified being Escherichia coli (E. coli) (Holland, 

1990; Bonelli et al., 2018), Salmonella (Izzo et al., 2011), rotavirus (Torres-Medina 

et al., 1983; Rai et al., 2011; Bonelli et al., 2018), coronavirus (Torres-Medina et 

al., 1983; Rai et al., 2011; Bonelli et al., 2018), and Cryptosporidium (O’Donoghue, 

1995; Bonelli et al., 2018). These pathogens each present very similar clinical signs, 

with faecal testing required to reach an aetiological diagnosis (Millemann, 2009; 

Potter, 2015). It is important to note that these pathogens may also be present in 

animals which are deemed healthy, and that clinical disease will occur in instances 

when the animal’s ability to resist disease is overcome by infectious pressure 

(Lorenz et al., 2011).  



   

 31 

Bacterial agents 

  E. coli 

Following ingestion, E. coli bacterium act through invasion of the gut epithelium 

where they adhere and replicate within the epithelial cells of the intestinal villi (Cho 

and Yoon, 2014; Umpiérrez et al., 2017). The small intestine provides a suitable 

environment for E. coli to colonise due to the relatively low pH (>6.5), and hence 

villous atrophy is often observed in the small intestine due to the loss of infected 

and damaged cells (Francis et al., 1989). E. coli have a reduced ability to adhere to 

epithelial cells following the calf’s first few days of life (de Graaf et al., 1999); 

consequently, calves are most susceptible to E. coli-based infection during the first 

4 days of age (Nataro and Kaper, 1998; Foster and Smith, 2009). The most prevalent 

strain of E. coli in cases of NCD is recognised as E. coli K99+ (Nataro and Kaper, 

1998; El-Seedy et al., 2016), which possessing the K99 antigen is enterotoxigenic, 

and therefore capable of releasing toxins into the intestines (Stoltenow and Vincent, 

2003). The release of toxins triggers an increased secretion of chloride into the gut, 

which consequently pulls water into the intestinal lumen, and in addition to villous 

atrophy contributes to calves becoming diarrhoeic (Cho and Yoon, 2014). Calves 

are susceptible to E. coli infection from contaminated faecal material from healthy 

adult carriers or other diseased calves and can become infected as early as the first 

24 hours of life (Stoltenow and Vincent, 2003). Additionally, the younger the calf 

at the time of infection, the greater the risk of death from severe dehydration 

(Stoltenow and Vincent, 2003). 
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Salmonella 

Once ingested, Salmonella bacterium act through invasion of the epithelial cells of 

the intestines where they survive within the intestinal macrophages, resulting in 

disease of the intestinal tract (Tsolis et al., 1999). Salmonella produce endotoxins, 

which when released poison the affected animal, resulting in endotoxic shock and 

severe illness (Stoltenow and Vincent, 2003). Salmonella typhimurium is identified 

as the most prevalent strain of Salmonella in cases of NCD, with infections most 

commonly occurring in calves < 3 weeks of age (Cho and Yoon, 2014). Calves can 

shed Salmonella to the environment for variable periods of time and intermittently 

depending on whether they are in a state of clinical or sub-clinical infection (Cho 

and Yoon, 2014). Apart from other cattle, sources of Salmonella infection also 

include birds, cats, rodents, humans and contaminated water (Stoltenow and 

Vincent, 2003). 

Clostridium perfringens 

Although not as common as some of the other causative pathogens, Clostridium 

perfringens (Cl. perfringens) is another bacterial agent which has been associated 

with cases of NCD (Cho and Yoon, 2014) and is often linked to changes in weather, 

feeding and management practices (Stoltenow and Vincent, 2003). There are five 

types of Cl. perfringens (types: A-E) which are individually distinguished based on 

the toxins they produce (toxins: alpha (α), beta (β), epsilon (ε), and iota (ι)) (Petit 

et al., 1999; Freedman et al., 2015). Associated with NCD, Cl. perfringens type C, 

produces both α and β toxins, which respectively cause cell lysis and mucosal 

necrosis (Cho and Yoon, 2014). Infection with Cl. perfringens is particularly lethal 

and can result in diarrhoea with the presence of blood, however, in many cases 
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death can occur in the absence of overt clinical signs (Stoltenow and Vincent, 

2003). 

Viral agents 

Rotavirus 

Typically, rotavirus is transmitted through the ingestion of contaminated faecal 

material (McNulty, 1983; Cho and Yoon, 2014) which, once having successfully 

invaded the body, replicates within the cytoplasm of the epithelial cells lining the 

villi of the small intestine (Holland, 1990). The invaded cells are destroyed, leading 

to villous atrophy (Figure 2) and inflammation of the submucosa. As a result of the 

damage to the intestines, and the release of enterotoxins, the ability for water and 

nutrients to be absorbed across the intestinal epithelium is reduced, hence calves 

become diarrhoeic and suffer from dehydration (Cho and Yoon, 2014).  

Rotavirus based NCD is most common in calves during the first 1-2 weeks of age, 

where following a relatively short incubation period of just 12-24 hours, calves 

begin shedding large quantities of the virus in their faeces throughout the following 

5-7 days (Cho and Yoon, 2014). This shedding contaminates the environment, 

increasing the likelihood of transmission to other calves (Cho and Yoon, 2014). 

Due to the complex nature of its structure, rotavirus is highly stable, which is a 

factor contributing to the virus’s ability to remain infectious in the environment for 

up to 6 months at 25°C (Barrington et al., 2002). Additionally, it is not uncommon 

around the time of calving for adult cattle, who are often carriers of rotavirus, to 

begin shedding increased amounts of the virus (Barrington et al., 2002; Naylor et 

al., 2009). Hence shedding of rotavirus from adult cattle is one of the key factors 
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accounting for much of the exposure neonatal calves have to the virus (Barrington 

et al., 2002).  

Coronavirus 

Coronavirus acts very similarly to rotavirus but also damages cells in the intestinal 

crypts (Stoltenow and Vincent, 2003; Singh et al., 2020). These crypt cells are vital 

in the production of new intestinal cells and their destruction hinders the healing 

process of the intestines, and prolongs the recovery period (Stoltenow and Vincent, 

2003). Not solely associated with NCD, coronavirus is also linked to diarrhoea in 

adult cattle and respiratory diseases in both adult and young cattle (Cho and Yoon, 

2014; Oma et al., 2016). As with rotavirus, coronavirus typically affects calves 

during the first 1-2 weeks of age (Cho and Yoon, 2014; Lotfollahzadeh et al., 2020). 

Protozoal agents 

Cryptosporidium 

 
Four species of Cryptosporidium are known to infect cattle (C. parvum, C. bovis, 

C. ryanae and C. andersoni) (Thomson et al., 2017), with C. parvum the main 

                       
A  A) Healthy intestinal lining                          B) Blunted villi resulting from  

                                                                                             villous atrophy  
 
Figure 2. Example of A) a healthy intestinal lining and B) the blunted villi which 
result from the villous atrophy which occurs during rotaviral infection (diagram 
obtained from VetEnt, 2019). 
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species associated with NCD (Holland, 1990; Chalmers et al., 2011). Calves are 

prone to C. parvum infection following the ingestion of contaminated faecal, water, 

and food sources (Thomson et al., 2017). Following ingestion, clinical signs of 

NCD from infection with C. parvum typically occur within 2-7 days (Holland, 

1990). C. parvum oocysts infect the epithelial cells of the small intestine (Cho and 

Yoon, 2014), leading to villous atrophy which results in loss and blunting of the 

intestinal villi (Holland, 1990). Further, infection with C. parvum leads to reduced 

mucosal enzymatic activity, which alongside villous atrophy results in impaired 

digestion and malabsorption of nutrients (Holland, 1990). Through reproduction, 

C. parvum produce further oocysts which result in autoinfection of the host (Cho 

and Yoon, 2014). These oocysts are later passed from the host into the environment 

where they act as an immediate source of infection for other animals (Cho and 

Yoon, 2014; Thomson et al., 2017), commonly infecting calves during their first 

month of life (Harp et al., 1990). 

Pathogen prevalence 

 
Between countries there is considerable variability in the prevalence of pathogens 

associated with the incidence of NCD (Table 2); however, typically rotavirus and 

C. parvum are the pathogens most commonly associated with NCD (Reynolds et 

al., 1986; de Graaf et al., 1999; de la Fuente et al., 1999; Langoni et al., 2004; Uhde 

et al., 2008; Izzo et al., 2011; Içen et al 2012; Al Mawly et al., 2015) (Table 2).  
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Table 2. Pathogen prevalence reported by country for Cl. perfringens, Salmonella, 
E. coli, coronavirus, rotavirus and C. parvum. To denote those instances where the 
prevalence of certain pathogens were not reported the abbreviation NR has been 
used. 

Country 
Cl. 

perfringens Salmonella E. coli Coronavirus Rotavirus 
C. 

parvum 

Spain 
(de la Fuente 
et al., 1999) 

NR NR NR NR 43.0% 52.0% 

Belgium 
(de Graaf et 
al., 1999) 

NR NR 4.0% 8.0% 20.0% 31.0% 

Switzerland 
(Uhde et al., 
2008) 

NR NR 5.5% 7.8% 58.7% 55.0% 

Australia 
(Izzo et al., 
2011) 

NR 23.8% 17.4% 21.6% 79.9% 58.5% 

New Zealand 
(Al Mawly et 
al., 2015) 

NR 4.0% 11.0% 50.0% 70.0% 50.0% 

Great 
Britain 
(Reynolds et 
al., 1986) 

NR 12.0% 3.0% 14.0% 42.0% 23.0% 

Netherlands  
(Bartels et al., 
2010) 

54.0% NR 2.0% 1.0% 11.2% 15.3% 

Turkey 
(Içen et al., 
2012) 

NR NR 26.0% 5.2% 56.9% 47.8% 

Brazil 
Langoni et 
al., 2004) 

NR 11.5% 0.0% NR 25.1% 21.3% 

USA  
(Cho et al., 
2013) 

0.0% 9.0% 4.0% 31.7% 27.1% 33.7% 

 

Pathogens have the ability to act both singularly and concurrently (Snodgrass, et 

al., 1986; de la Fuente et al., 1999; Thomson et al., 2017); in the case of concurrent 

infections the extent of disease often comes with more severity (Garíca et al., 2000; 

Bazeley, 2003). As with pathogen prevalence, the rate of concurrent infection varies 

between countries, with reports of the rate of concurrent infection ranging from 5.0-

71.0% (de la Fuente et al., 1998; Uhde et al., 2008; Izzo et al, 2011). For example, 
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in Scotland, a study investigating the occurrence of concurrent infections with two 

or more pathogens of either rotavirus, coronavirus, Cryptosporidium, E. coli, and 

Salmonella found concurrent infection to occur in 15.0% of cases of NCD 

(Snodgrass et al., 1986). Studying the same pathogens, the rate of concurrent 

infection was much higher in an Australian study which found concurrent infections 

to occur in 71.0% of cases of NCD (Izzo et al., 2011). The rate of concurrent 

infection could be a factor that contributes to the overall prevalence of individual 

pathogens. For example, where concurrent infections occurred at a rate of 71.0% in 

Australian calves the prevalence of individual pathogens were considerably higher 

than in Swiss calves (Table 2), where the rate of concurrent infection was only 

32.6% (Uhde et al., 2008). Additionally, Izzo et al. (2011) reported that concurrent 

infections were more common in beef than dairy systems, and that whilst rotavirus 

and C. parvum were the most common pathogens across both production systems, 

Salmonella and rotavirus were more commonly observed in beef systems.  

In New Zealand, information regarding the prevalence of pathogens associated with 

instances of NCD is limited. However, in the first nation-wide study to be 

conducted, Al Mawly et al. (2015) investigated the prevalence of E. coli, 

coronavirus, rotavirus, C. parvum and Salmonella across 97 New Zealand dairy 

farms. Of the 97 farms tested, 96.0% tested positive for at least one pathogen with 

E. coli, coronavirus, rotavirus, C. parvum and Salmonella identified on 

approximately 11.0%, 50.0%, 70.0%, 50.0% and 4.0% of the 97 farms respectively 

(Table 3). Additionally, they identified that concurrent infections with two or more 

pathogens affected 67.0% of farms, with the most common concurrent infections 

being rotavirus + C. parvum, and rotavirus + coronavirus. They further reported 

that pathogen prevalence differed with age. In contrast to calves aged between 1-5 
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days old, in those aged between 9-21 days of age E. coli K99+ was not detected. As 

previously mentioned, calves are most susceptible to E. coli infection during the 

first 4 days of life (Nataro and Kaper, 1998), whilst the bacteria have a greater 

ability to adhere to the epithelial cells (de Graaf et al., 1999). The nature of E. coli 

infection therefore may reflect why E. coli K99+ was not detected in calves aged 

between 9-21 days of age. However, a greater prevalence of coronavirus, rotavirus, 

C. parvum and Salmonella (Table 3) and frequency of concurrent infections was 

found in calves aged between 9-21 days of age (Al Mawly et al., 2015). This 

increased prevalence and occurrence of concurrent infections in calves aged 

between 9-21 days was considered likely to be due to the incubation period of these 

pathogens during the first few days of life and hence were detected less often in 

calves aged between 1-5 days old (Al Mawly et al., 2015).  

Table 3. The prevalence of pathogens Salmonella, E. coli, coronavirus, rotavirus 
and C. parvum in diarrhoeic calves aged between 1-5 days old compared to those 
aged between 9-21 days old, based on findings reported by Al Mawly et al. (2015) 
in New Zealand dairy calves. 

Age Salmonella E. coli Coronavirus Rotavirus C. parvum 

1-5 days 
of age 

0.7% 11.0% 14.0% 46.0% 18.0% 

9-21 days 
of age 

3.1% 0.0% 31.0% 57.0% 52.0% 

The same pathogens linked to neonatal diarrhoea in calves have also been 

associated with neonatal diarrhoea in other species (e.g., lambs, piglets and goat 

kids), however compared to calves the prevalence levels of the different pathogens 

show some differences (Table 4). Munoz-Fernandez et al. (1996) reported that 

similar to calves, for both lambs and goat kids, the leading cause of outbreaks of 
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neonatal diarrhoea in Spain was C. parvum (Table 4). E.coli was the next most 

prevalent pathogen associated with neonatal diarrhoea in both lambs and goat kids, 

with rotavirus found to be much less prevalent than it often is in calves (Munoz-

Fernandez et al., 1996). Coronavirus was not detected in either lambs or goat kids, 

and Salmonella was only detected in outbreaks of diarrhoea in goat kids (Munoz-

Fernandez et al., 1996). In piglets, previous studies have reported Cl. perfringens 

and E. coli as the most prevalent pathogens associated with incidences of neonatal 

diarrhoea (Dors et al., 2018; Mesonero-Escuredo et al., 2018). As with calves, 

lambs, piglets and goat kids are also susceptible to concurrent infections (de Graaf 

et al., 1999; Dors et al., 2018; Mesonero-Escuredo et al., 2018). Dors et al. (2018), 

for example reported that across 70 herds of piglets monitored, 60.0% were infected 

with a single pathogen, and 31.4% were concurrently infected with two or more 

pathogens.  

Table 4. The prevalence of pathogens Cl. Perfringens, Salmonella, E. coli, 
coronavirus, rotavirus and C. parvum in diarrhoeic lambs, piglets and goat kids. To 
denote those instances where the prevalence of certain pathogens were not reported 
the abbreviation NR has been used. 

Species 
Cl. 

perfringens Salmonella E. coli Coronavirus Rotavirus 
C. 

parvum 

Lambs 
Munoz-Fernandez 
et al., 1996 
(Spain) 

NR 0.0% 60.8% 0.0% 6.5% 65.0% 

Goat kids 
Munoz-Fernandez 
et al., 1996 
(Spain) 

NR 7.1% 35.7% 0.0% 14.2% 40.0% 

Piglets 
Mesonero-
Escuredo et al., 
2018 (Spain) 

89.9% NR 100.0% NR NR NR 

Piglets 
Dors et al., 2018 
(Poland) 

92.8% 2.9% 30.0% NR NR NR 
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Risk factors which can influence susceptibility to NCD 

 
In addition to the variety of pathogens associated with NCD, there are a number of 

management and environmental factors which can influence disease susceptibility. 

Poor dam nutrition for example can result in calves which show poor performance 

in terms of both growth and productivity and display a greater susceptibility to 

disease (Cho and Yoon, 2014). Poor nutrition of the dam also increases the risk of 

dystocia (difficult calving) (Stoltenow and Vincent, 2003), which further 

contributes to poor calf performance and susceptibility to disease (Cho and Yoon, 

2014). In a previous study, cows that required assistance during calving, due to 

dystocia, gave birth to calves that were on average 1.44 times more likely to become 

diarrhoeic (Bendali et al., 1999). Calves which have been assisted during calving 

will typically take longer to stand following birth and as a consequence may have 

an increased exposure to pathogens from faecal contamination in the environment 

during the time they remain lying (Bendali et al., 1999). Dystocia can also result in 

congestion and swelling of the head and tongue which hinders the calf’s ability to 

feed, preventing adequate colostrum uptake (Cho and Yoon, 2014).  

As calves are born agammaglobulinemic (immune deficient), following birth they 

are reliant upon the consumption of colostrum for the absorption of maternal 

immunoglobulins (IgGs) (Godden, 2008; Godden et al., 2019). The passive transfer 

of IgGs from the dam via adequate colostrum uptake is essential for ensuring the 

calf is protected against infectious diseases immediately following birth (Weaver et 

al., 2000). To promote successful passive transfer, the adequate and timely feeding 

of good quality colostrum is recognised as the single most important management 

factor in reducing morbidity and mortality in preweaned calves (Godden, 2008). In 
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New Zealand, a recent survey of dairy herds revealed that the pooled colostrum 

being provided to calves was sub-optimal in quality, and excessive bacterial 

contamination was detected in a majority of herds (Denholm et al 2017a). 

Additionally, across 107 New Zealand dairy herds the rate of failure of passive 

transfer in calves was 33.0% and varied from 5.0-83.0% within herds (Cuttance et 

al., 2017). Achieving successful passive transfer is beneficial in the long-term for 

increasing weight gain and feed efficiency, reducing age at first calving, and 

improving milk production during the postweaning period (Godden, 2008; Godden 

et al., 2019). Enabling adequate passive transfer, colostrum management is the most 

important preventive measure for the reduction of neonatal diarrhoea 

(Arsenopoulos et al., 2017). Insufficient colostrum uptake has been associated with 

increased risk of diarrhoea and conversely, consuming sufficient amounts of 

colostrum has been found to reduce mortality in dairy heifer calves in the first 21 

days of life by 31.0% (Barrington et al., 2002).  

The timing of colostrum feeding is a critical factor in ensuring successful passive 

transfer (Moran, 2012). In the initial 12 hours of life, the cells of the intestinal wall 

mature, eventually ceasing their absorptive ability (Moran, 2012). Furthermore, 

following the first 24 hours of life, the abomasum begins producing acids which 

improve the functioning of the milk-digestive proteins, however, these same acids 

degrade the IgGs and thus hinder their effectiveness (Moran, 2012). Additionally, 

for every half an hour that colostrum feeding is delayed following birth, antibody 

transfer decreases by approximately 5.0% (Moran, 2012). Colostrum should 

therefore be fed immediately after birth whilst the intestines still have the ability to 

absorb IgGs (Jaster, 2005).  
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In a New Zealand based study the quality of pooled colostrum samples declined by 

up to 8.5 and 9.5% after being stored for 3 and 7 days respectively (Denholm et al., 

2017b). This highlights the importance of feeding colostrum as close as possible to 

the time at which it is collected to maintain quality. This importance is further 

demonstrated by the findings that colostrum quality decreases from the time of 

calving the longer milking is delayed (Moore et al., 2005; Morin et al., 2010; 

Denholm et al., 2018). From a survey of New Zealand dairy herds, Denholm et al. 

(2018) reported that 78.0% of the colostrum samples collected from individual 

cows had a Brix reading <22.0% (an ideal Brix reading being ≥22.0% (Bartier et 

al., 2015; Buczinski and Vanderweerd, 2016)). Additionally, Denholm et al. (2017a) 

found that 90.0% of pooled colostrum samples had Brix readings <22.0%. To 

improve the quality of pooled colostrum which is provided to new born calves 

careful selection of donor colostrum cows would be beneficial (Denholm et al., 

2018). 

Disease susceptibility has also been found to increase with the length of time calves 

remain with their dams following birth (Quigley et al., 1994; Trotz-Williams et al., 

2007). Compared to calves that were removed from their dams within the first hour 

following birth, for those which remained longer with their dam, the odds of 

becoming diarrhoeic increased by 39.0% (Trotz-Williams et al., 2007). The 

incidence of diarrhoea has also been found to be higher in calves raised with their 

dam compared to those raised in groups using automated calf feeders (Roth et al., 

2009). Additionally, in one week old calves, the prevalence of C. parvum was 

significantly higher in calves which were allowed to nurse from their dams over a 

three day period compared to calves which were removed before they could nurse 

and were hand-fed colostrum (Quigley et al., 1994). Dam cleanliness is another 
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factor associated with disease susceptibility, with an increased incidence of 

diarrhoea in calves from dams which were considered dirty (Bendali et al., 1999), 

as these calves have an increased exposure to pathogens on the udder and coat of 

the dam (Lorenz et al., 2009). The increased prevalence of C. parvum reported by 

Quigley et al. (1994) in calves that had been left to nurse from their dam was 

attributed to contamination from the dam herself and the surrounding environment 

(Quigley et al., 1994).  

In an attempt to reduce the transfer of pathogens between dam and calf, it has 

become a common practice on farm to vaccinate cows against pathogens including 

rotavirus (McNulty, 1983; Saif and Fernandez, 1996), E. coli, and coronavirus (Cho 

and Yoon, 2014) prior to calving. These vaccines increase the antibodies present in 

the maternal colostrum, which when consumed by the calf can enhance their passive 

immunity against the pathogen/s for which the dam has been vaccinated (Kohara et 

al., 1997; Smith et al., 2014). Following whole herd vaccination against rotavirus, 

New Zealand studies have found increased colostrum quality compared to herds 

with only partial or no herd vaccination (Denholm et al., 2017a, 2018). As these 

antibodies are passed on through colostrum, it is vital that calves receive sufficient 

good quality colostrum to ensure such vaccinations are fully effective, and that the 

effort and cost of administering vaccinations is worthwhile (Stoltenow and Vincent, 

2003). Currently there is no vaccine available for C. parvum (Meganck et al., 2014), 

however calves born to dams which have been treated with preventative calf-scour 

medications have been found less likely to shed C. parvum oocysts (Trotz-Williams 

et al., 2007).  
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Other factors which may increase the incidence of diarrhoea include nutrition, herd 

size, stocking density, housing system, and environmental conditions (Barrington 

et al., 2002; Klein-Jöbstl et al., 2014). For example, following colostrum feeding, 

due to the expense of whole milk, dairy calves are often reared on milk replacer, 

the composition (e.g., fat content, carbohydrates, vitamins, minerals and proteins) 

of which may vary (Barrington et al., 2002). As a result of their composition, some 

milk replacers can result in poor growth rates and inadequate nutrition (Fisher, 

1976; Bartlett et al., 2014), which can increase disease susceptibility (Barrington et 

al., 2002).  

Increased herd size has also been associated with an increased incidence of 

diarrhoea due to the greater potential for larger outbreaks of disease and higher 

stocking densities to promote the spread of disease (Frank and Kaneene, 1993). 

Furthermore, as herd size increases, the amount of time farmers are able to spend 

monitoring individual animals decreases, and this lack of individual attention in 

larger herds has been linked to higher mortality rates in diarrhoeic calves (Lance et 

al., 1992). In terms of stocking density, Bendali et al. (1999) estimated the risk of 

diarrhoea to be 1.74 times greater in calves with insufficient space in both tie and 

free stall systems, where sufficient space allowance was deemed to be 1.6 m2 and 

1.0 m2 per calf respectively. Additionally, Svensson et al. (2006) reported that 

calves reared in smaller pens (6.2 to <12.6 m2) were 4-10 times more likely to 

become diarrhoeic than those reared in larger pens (≥12.6 m2).  

Within the dairy industry, there are a number of different types of housing systems 

used for rearing calves (e.g., group housed vs individual housing systems) (Marcé 

et al., 2010). In New Zealand, it is standard practice for calves to be group housed. 
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Internationally across Europe and the USA the majority of calves are raised in 

individual housing systems (Marcé et al., 2010; USDA, 2014b), however group 

housing systems are increasingly being implemented in the USA (Pereira, et al., 

2014). At present, approximately 20.0% of dairy operations in the USA are utilizing 

group housing systems for preweaned calves (Urie et al., 2018). It has been 

suggested that the type of housing system in which calves are raised may influence 

their susceptibility to disease, however the impact of housing on disease 

susceptibility is not always clear or consistent. For example, Linton et al. (1974) 

reported a higher incidence of Salmonella infection in group housed calves 

compared to those housed individually, further Maatje and Verhoeff (1991) 

reported a higher incidence of both respiratory and enteric diseases in group housed 

calves. However, a previous study reported no significant difference in the 

incidence of respiratory or enteric disease between group or individually housed 

calves (Waltner-Teows et al., 1986), and additionally other studies have instead 

reported a lower incidence of diarrhoea in group housed calves (Hänninen et al., 

2003). Furthermore, some studies have shown increased mortality rates in group-

housed calves (Waltner-Teows et al., 1986; Gulliksen et al., 2009), a finding more 

evident in calves housed in large groups compared to those housed individually or 

in smaller groups (Losinger and Heinrichs, 1997). However, it is important to note 

that this association between housing system and mortality is not always evident 

(Costa et al., 2016). From these studies, it is evident that the effect of housing on 

disease susceptibility is unclear, perhaps suggesting its effect is influenced by other 

animal, management and environmental factors as well.  

Weather conditions can also increase the risk of disease (Cho and Yoon, 2014). 

During the neonatal period, calves are unable to effectively thermoregulate and are 
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consequently at risk of becoming hyper- or hypo-thermic, especially during 

extremely cold weather conditions (Cho and Yoon, 2014). Poor weather conditions 

act as stress factors for calves, negatively impacting their immune system and 

increasing their susceptibility to disease (Cho and Yoon, 2014). For example, 

Klein-Jöbstl et al. (2014) reported increased rates of NCD in Austrian dairy calves 

which were individually housed in outdoor calf igloos compared to calves which 

were individually barn housed. For the igloo housed calves, the low temperatures 

and fluctuations in temperature to which they were exposed were considered to have 

contributed to their increased rates of diarrhoea (Klein-Jöbstl et al., 2014). One way 

to mitigate the impact of extreme weather conditions is through the provision of 

adequate clean and dry housing which provides shelter from drafts, precipitation, 

and solar radiation (Stoltenow and Vincent, 2003; Roland et al., 2016).  

Impact of NCD on animal welfare 

 
Although efforts have been made to reduce the incidence and impact of NCD, the 

disease continues to be recognised as one of the biggest challenges for both beef 

and dairy industries worldwide (Meganck et al., 2015). The welfare of calves 

suffering from NCD is initially impacted as a result of the significant intestinal 

damage inflicted by the causative pathogens which results in symptoms such as 

nutritional malabsorption and severe diarrhoea (Lorenz et al., 2011). Further, calves 

suffering from NCD become lethargic, dehydrated, and are subject to significant 

reductions in appetite and body weight. However, even once individuals have been 

treated and overcome the disease, NCD continues to have a detrimental impact in 

the long-term for the once diseased animals later in life. The long-term impacts of 

NCD include, increased age at first calving, decreased weight gain and decreased 
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milk production during the first lactation. Instances of diarrhoea during the neonatal 

period for example, have been associated with reductions of body weight of 

approximately 10.7 kg at the time of weaning (Wittum et al., 1994). Impacting the 

age at time of first calving, those animals with a known history of diarrhoea in the 

first 90 days of life have also been found 2.86 times more likely to reach first 

calving after 900 days of age (Waltner-Toews, 1986). This finding is in contrast to 

animals without a known history of diarrhoea who were more likely to reach first 

calving prior to 900 days of age (Waltner-Toews, 1986). Similarly, Aghakeshmiri 

et al. (2017) reported a 10 day increase in the time to first calving for animals with 

a known history of diarrhoea and suggested that this delay may reflect their stunted 

growth rate during the rearing period. Additionally, it was found that farmers were 

2.5 times more likely to sell animals with a history of diarrhoea in the first 90 days 

of life as opposed to those which had no prior history of diarrhoea (Waltner-Toews, 

1986). The sale of animals with a history of diarrhoea was considered to reflect the 

actual or anticipated under performance of those animals (Waltner-Toews, 1986). 

Additionally, first lactation milk production has been found to decrease during the 

first 305 days of lactation by 344 kg in animals with a history of having had 

diarrhoea during their first three months of life (Svensson and Hultgren, 2008).  

In addition to the initial and long-term impacts of NCD, there is also the issue of 

mortalities which arise in those individuals which are so severely affected by NCD 

that they succumb to the disease. Highlighting the extent of the impact of diarrhoea 

on animal welfare in terms of mortalities, between 1991-2013, diarrhoea accounted 

for more than 50.0% (range: 52.2-62.1%) of all preweaned heifer calf deaths in the 

US dairy industry (USDA, 2008; USDA, 2014a). Consequently, between 1991-

2013, diarrhoea was consistently the leading cause of death in preweaned heifer 
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calves in the US dairy industry compared to other causes such as respiratory 

diseases, joint/navel ill and lameness (USDA, 2008; USDA, 2014a) (Figure 3). 

Figure 3. Percentage of preweaned heifer deaths in the US dairy industry by 
causation from 1991-2013 (adapted from data presented by USDA, 2008 and 
USDA, 2014a). 

Treatment of NCD 

Once identified as having NCD calves should be isolated to prevent the spread of 

disease to other pen mates and treatment should be administered to prevent the 

amount of time the animal suffers. Calves suffering from NCD lose an average of 

10.0% but up to 20.0% of their body weight in fluid (Lorenz, 2013). Therefore, 

once a calf has been identified as having NCD, oral rehydration with electrolytes is 

the most critical component of their treatment to help them overcome the disease 

(Lorenz et al, 2011). Continued milk feeding throughout the treatment period is 
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generally recommended to provide the energy required for weight gain and growth 

and additionally to provide the nutrients needed to support the recovery of the 

intestinal mucosa (Lorenz, 2013). As the consumption of electrolytes can affect the 

clotting of milk in the abomasum, it is generally advised for electrolyte and milk 

feeds to be separated by at least 2-3 hours. However, there are types of electrolyte 

therapy available such as Revive (Virbac, Hamilton, New Zealand) that can be 

provided alongside a milk feed. In cases of severe dehydration the administration 

of intravenous (IV) fluids may also be essential for their recovery. The degree of 

dehydration can be assessed through evaluating the degree of eye recession into the 

orbit (enophthalmos), performing a tent test to measure skin elasticity and by 

observing the general appearance of the calf including its ability to stand and suckle 

(Berchtold, 2009; González-Montaña et al., 2017; Taylor et al., 2017). 

The use of antibiotics for treating NCD is controversial with arguments both for 

and against its use (Smith, 2015). Antibiotics may not always be a suitable option 

for the treatment of NCD especially in those instances in which viruses (e.g., 

coronavirus and rotavirus) or protozoal pathogens (e.g., Cryptosporidium parvum) 

are responsible for the infection due to an inability for antibiotics to act on such 

pathogens (Animart, 2014; Anexa, 2015). Instances in which antibiotic treatment 

may be suitable during cases of NCD include those attributed to bacterial infection 

and in which the calf is displaying symptoms such as anorexia, dehydration, 

depression or fever as these may indicate septicaemia or a high presence of coliform 

bacteria in the small intestine (Smith, 2015). The overuse of antibiotics is also a 

concern regarding the risk of antibiotic resistance which could result in the 

development of pathogen strains that are resistant to treatment and by altering 
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intestinal flora the administration of antibiotics may actually induce diarrhoea 

(Anexa, 2015; Smith, 2015). 

Given the pain and discomfort calves may experience when suffering from NCD 

the administration of pain relief can also be beneficial. The use of a nonsteroidal 

anti-inflammatory drug (NSAID) can help to reduce inflammation of the 

gastrointestinal tract and reduce the effects of endotoxaemia and septicaemia. The 

administration of the NSAID meloxicam has previously been shown to improve 

appetite and performance and is considered to be effective in the treatment of NCD 

(Todd, 2010). 

Economic impact of NCD 

Economically the incidence of NCD is a major concern for beef and dairy industries 

worldwide. This economic concern not only stems from calf loss but also the long-

term effects on calf performance (e.g., as a result of reduced weight gain, stunted 

growth and age to first calving), the cost of treatments (e.g., antibiotics and 

rehydration fluids) and the cost of additional labour required to treat sick calves (de 

Graaf et al., 1999; Bazeley, 2003; Smith, 2012; Windeyer et al., 2014). There 

appears to be little information regarding estimates as to the economic impact of 

NCD in New Zealand. However, it has been suggested that in the case of a rotavirus 

outbreak, costs could be up to NZ$6000 per affected farm (Howe et al., 2011). In 

the UK, it has previously been estimated that 30.0% of all calves born will be 

affected by NCD, and that NCD is the cause of approximately 50.0% of all calf 

deaths, suggesting that 100,000 calves will die annually as a result of NCD (Byron, 

1997). The treatment costs of NCD in the UK have been estimated at £26.00 per 

sick animal. Based on this estimate and taking into account the subsequent long-


