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1. INTRODUCTION 
 
On-farm mortality (unassisted death and euthanasia) of dairy cows 
and calves has increased over the last decades in several countries 
(Maia et al., 2014; Compton et al., 2017; Santman-Berends et al., 
2019). Less is known of the time-trends regarding mortality in beef 
cattle. Animal death is associated with loss of production (milk 
and/or meat) and costs for treatments and expenditures related to 
the transport and waste management of a cadaver (Azizzadeh et al., 
2012; Alvåsen et al., 2014a; Thomsen and Houe, 2014). In herds with 
high mortality, there is a higher demand for replacement animals, 
which is associated with additional costs for buying and raising 
offsprings. Higher demand for replacement animals can deteriorate 
the productivity of the herd and restrict voluntary culling (Rogers 
et al., 1988). In addition, high on-farm mortality is associated with 
deteriorated animal health and welfare (Ortiz-Pelaez et al., 2008; 
Raboisson et al., 2011; Thomsen and Houe, 2018).  
 
Mortality hazard is not constant over the lifetime, the incidence of 
mortality is highest among preweaned calves, decreasing sharply 
after that, and increasing again close to parturition (Perrin et al., 
2012; Pannwitz, 2015). Studies conducted in different countries 
have reported variable estimates of cow and calf mortality; 
however, because of diverse study design, definitions and targeted 
age groups of these estimates are difficult to compare.  
 
A considerable amount of research has been conducted to identify 
reasons and risk factors for cattle mortality. Many studies have 
concentrated on animal-level factors that reveal the population at 
risk, but many of those characteristics (e.g. age, sex, breed, lactation 
stage) are difficult to avoid. Management and housing conditions of 
cattle have been confirmed to influence their health and welfare 
(McConnel et al., 2015; Sarjokari et al., 2018), and intensified 
production conditions contribute to the increasing trend of 
mortality in dairy cattle (McConnel and Garry, 2019). Many of the 
studies in the field of cattle mortality were published more than a 
decade ago or are carried out in populations with smaller herd size, 
thus differing from today’s intensive production systems. The dairy 
industry is in the process of increasing herd size and developing 
more intensive production and management systems (Thornton, 



13 

2010; Barkema et al., 2015, Britt et al., 2018); thus, new information 
is necessary on how to ensure good health and welfare of dairy 
cows. 
 
Studies of beef cattle mortality have included various production 
types and age groups. Some studies have focused on intensive 
production systems such as white veal production or fattening 
farms (Sargeant et al., 1994; Loneragan et al., 2001; Bähler et al., 
2012; Pardon et al., 2012; Rumor et al., 2015; Santman-Berends et 
al., 2018), and others have focused on beef cattle mortality in 
extensive production systems (Elghafghuf et al., 2014; Murray et al., 
2016).  
 
On 31 December 2018, there were 85,231 dairy cows in Estonia 
kept by 1,348 animal owners or companies. Although the mean 
dairy herd size was only 63 dairy cows on average, approximately 
86% of the dairy cows were kept in herds with more than 100 cows 
in 2018 (EARIB, 2018). These large herds are mostly open loose-
housed intensive and modern farms using novel technology and 
equipment. The lactation milk yield of Estonian dairy cows was on 
average 9,353 kg in 2018, second in the European Union (Eurostat, 
2019). Concurrently, the longevity of dairy cows in Estonian herds 
has been decreasing: the average age of culled cows was 1,851 days 
in 2018 compared with 146 days shorter than 7 years before (ELPR, 
2012, 2019).  
 
At the end of 2018, there were 30,354 beef cows kept in 1,562 herds; 
thus,  the number of beef cows had increased over three times since 
2008 (from 8,390 dams to 30,354 dams; EARIB, 2018). The majority 
of Estonian beef cattle herds are extensive cow-calf farms that breed 
and fatten the calves born on their farms.  
 
Studies conducted in the Estonian dairy cattle population would be 
notable to many other countries that follow the trend of production 
intensification and high milk yield. Additionally, new information 
on the mortality of beef cattle reared in extensive cow-calf farms in 
a temperate climate would contribute to the current knowledge. 
Awareness of mortality causes and related risk factors would enable 
a deeper focus on preventive measures to lower morbidity and 
mortality. Good health and welfare of cattle would contribute to 
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sustainability and competitiveness of the cattle industry, entail less 
environmental impact, and fulfil consumers’ expectations.  
 
This dissertation focuses on estimating the mortality rates in 
Estonian dairy and beef cattle and identifying the farmers’ reported 
reasons for death. The aim was also to reveal animal- and herd-level 
risk factors for on-farm mortality of dairy cattle.  
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2. REVIEW OF THE LITERATURE 
 

2.1 On-farm mortality 
 
On-farm mortality is a parameter that represents the death of an 
animal on a farm, whether unassisted or euthanised (Compton et 
al., 2017). Some studies have found that the proportion of 
euthanised cows and cows that died unassisted are roughly equal 
(Thomsen et al., 2004; Thomsen and Sørensen, 2008; McConnel et 
al., 2009; Fusi et al., 2017); however, a study in Finland confirmed 
that of all types of death, the proportion of euthanised cows was 
70% (Sarjokari et al., 2018). Over time, the threshold for farmers to 
decide in favour of euthanasia has increased (Thomsen and 
Sørensen, 2008).  
 
Due to unplanned and often a premature loss of an animal, 
mortality is considered forced culling (Fetrow et al., 2006). On-farm 
mortality has demonstrated an increasing trend among dairy cows 
and calves in several countries (Maia et al., 2014; Shahid et al., 2015; 
Compton et al., 2017; Santman-Berends et al., 2019). Nørgaard et al. 
(1999) concluded that higher milk yield, causing a higher level of 
physiological stress, has led to increased cow mortality. More 
intensive management, increased mechanisation, larger herd size, 
and less attention per cow have been connected to increased 
mortality (Nørgaard et al., 1999; Miller et al., 2008; Dechow et al., 
2011; McConnel and Garry, 2019). Dechow and Goodling (2008) 
commented that genetic selection is remarkably less influential for 
explaining this trend compared with the impact of changes in herd 
management. 
 
High on-farm mortality indicates suboptimal animal health and 
welfare (Ortiz-Pelaez et al., 2008; WelfareQuality®, 2009; Raboisson 
et al., 2011; Thomsen and Houe, 2018). On-farm mortality is 
associated with economic expenses for the farmer from direct and 
indirect losses. Unwanted loss of an animal causes expenses such as 
the value of dead animals, loss of production, extra labour, loss of 
income from the sale of carcasses, cost of the waste management of 
cadavers, and increased costs for herd replacement because of a 
higher herd turnover rate (Thomsen et al., 2004; Thomsen and 
Houe, 2006). High rates of calf mortality also negatively affect the 
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productivity of the herd through limitations in the genetic selection 
of replacement dairy animals (Mellado et al., 2014). Due to 
deteriorated health, the farms with high mortality have higher costs 
for treatment (Azizzadeh et al., 2012), and herds with high calf 
mortality use more antimicrobials (Torsein et al., 2014). The 
association between antimicrobial resistance and calf mortality was 
observed by Torsein et al. (2016). In addition, because of the poor 
health status of animals in herds with high on-farm mortality, there 
may be higher veterinary costs and lower quality and safety of 
animal products. Deteriorated farm animal welfare, for example, 
higher mortality, is contrary to consumers expectations (Kjærnes 
and Lavik, 2007; Miele, 2010). Furthermore, as cattle lifespan 
decreases,  the carbon footprint increases (Opio et al., 2013).  
 
Mortality can be measured, for example, mortality risk and 
mortality rate. Mortality risk is calculated as the number of deaths 
in a defined period divided by the population at risk. Mortality rate 
is the number of deaths in a population per unit of animal-time 
during a given period (Dohoo et al., 2009). Different calculations of 
mortality could lead to varying and therefore confusing results. 
Some factors affecting on-farm mortality calculation and the 
resulting estimates are related to the definition of the mortality, the 
selection of the age categories bearing different risk for mortality, 
limitations resulting from the data used and the differences induced 
by the overall purpose of the parameter (e.g. surveillance, 
monitoring the trends on an individual farm or a population), and 
the target group using the estimates (Santman-Berends et al., 2019). 
Despite the suggestion of Fetrow et al. (2006) to standardise the 
recording and definitions for cattle removal estimates, the studies 
continue to have these inconsistencies, making it difficult to 
compare the on-farm mortality figures presented in different studies 
(Compton et al., 2017; Santman-Berends et al., 2019).  
 
Studies have confirmed that young dairy calves, followed by 
lactating dairy cows, have the highest risk of death (Perrin et al., 
2012; Pannwitz, 2015). According to McConnel and Garry (2019), 
dairy cow mortality, no natural or normal value is considered a 
normal level; however, according to Welfare Quality protocol 
(WelfareQuality®, 2009), an alarming threshold value is 4% and 
4.5% mortality in fattening cattle and dairy cows, respectively, at 
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herd level. Mortality of dairy cows has been reported as 3.5% to 
6.1% in various countries (Thomsen et al., 2004; McConnel et al., 
2008; Miller et al., 2008; Dargatz, 2009; Raboisson et al., 2011; 
Alvåsen et al., 2014b; Shahid et al., 2015). The increase in dairy cow 
on-farm mortality in the last decades (Compton et al., 2017) suggests 
that aspects of modern dairy cattle farming induce this increase 
(McConnel and Garry, 2019). According to the meta-analysis of 
Compton et al. (2017), the incidence risk of perinatal (full-term 
birth up to 2 days of life) calf mortality varied from 0.03 to 0.09 
between 1990 and 2000. Neonatal and postnatal mortality of dairy 
youngstock, estimated for different age groups, has been reported 
from 2.4% to 21.5% (Losinger and Heinrichs, 1997; Dargatz, 2009; 
Gulliksen et al., 2009; Azizzadeh et al., 2012; Santman-Berends et al., 
2014, 2019; Mahendran et al., 2017; Urie et al., 2018; Lombard et al., 
2019; Zhang et al., 2019; Hyde et al., 2020). High farm-level 
variation in mortality rates has occurred at the national and 
international level (McConnel et al., 2008; Mee et al., 2008; Alvåsen 
et al., 2012; Raboisson et al., 2013; Sarjokari et al., 2018); thus, a 
considerable proportion of herds with high on-farm mortality have 
evident problems with cattle health and welfare.  
 
Similar to dairy cattle, the hazard curve of beef cattle on-farm 
mortality across animals´ lifetime follows the reverse J-shape 
(Perrin et al., 2012; Pannwitz, 2015). The highest mortality rate in 
young calves has been reported to be 1.1% to 9.6% (Ganaba et al., 
1995; Nix et al., 1998; Dutil et al., 1999; Bleul, 2011; Elghafghuf et 
al., 2014; Murray et al., 2016; Santos et al., 2019). Compared with 
young calves, fewer studies have researched on-farm mortality rates 
in older beef youngstock and cows. Mortality among older 
youngstock and cows has been reported up to 8% (McDermott et 
al., 1991; Menzies et al., 1995; Perrin et al., 2012; Pannwitz, 2015; 
Rumor et al., 2015; AHDB Beef & Lamb, 2016; Ontario Cow-Calf 
Production Survey, 2018). 
 

2.2 Reasons for mortality 
 
Understanding mortality reasons would provide useful information 
on the outcomes of current management conditions and disease 
outcomes (McConnel and Garry, 2017). For decisionmakers, these 
insights would increase the available information and allow them to 
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elaborate mitigation strategies that better ensure animal health and 
welfare. Most commonly farmers have stated that the reasons for 
dairy cow mortality are related to the alimentary tract and foot or 
claw diseases (Alvåsen et al., 2014a; Fusi et al., 2017). Küker et al. 
(2018) used necropsy data to analyse the mortality reasons of beef 
and dairy cattle and found that in cattle over 2 years of age, 
mortality was most frequently related to pathologies of the 
reproductive system, gastrointestinal system, and serous 
membranes. For example, McConnel et al. (2009) described dairy 
cow deaths based on necropsy results and found that the highest 
proportion of deaths were caused by injuries and gastrointestinal 
and digestive disorders but also occurred because of metritis and 
mastitis. A more recent study in Finland found that calving 
difficulties and feet and claw diseases were the main mortality 
reasons in first-parity cows. For older cows, the predominant 
mortality reasons were milk fever, mastitis, and foot and claw 
diseases (Sarjokari et al., 2018). For example, Sarjokari et al. (2018) 
found that during summer, cows died mainly because of — in the 
order of frequency — calving problems, alimentary tract diseases, 
and unknown reasons, whereas during other seasons, the main 
reasons for mortality were alimentary tract diseases, mastitis/udder 
problems, and foot or claw diseases.  
 
For dairy and beef youngstock, mortality reasons have included 
enteritis, respiratory disease, trauma, and calving-related diseases 
(Busato et al., 1997; Waldner, 2001; Gulliksen et al., 2009; Bähler et 
al., 2012; Raboisson et al., 2013; Küker et al., 2018; Zhang et al., 
2019). Reasons for beef cow mortality have been reported to be 
traumatic reticuloperitonitis, malignant neoplasia, calving-related 
injuries, rumen tympany, myopathy, and pneumonia (Waldner et 
al., 2009).  
 
In a large proportion of mortality events, the reason of death 
remains unknown (Faye and Perochon, 1995; Menzies et al., 1995; 
Thomsen and Houe, 2006; McConnel et al., 2009; Alvåsen et al., 
2014a) especially for cows that are found dead (Fusi et al., 2017). In 
addition, in many cases, the farmers’ perception of mortality causes 
compared with the necropsy results differ (McConnel et al., 2009; 
Thomsen et al., 2012). McConnel et al. (2009) found that the farmer 
was correct about the cause of mortality in 79% of cases of 
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euthanised cows, but for the animals that died unassisted, farmers’ 
perception was correct in 37% of cases. For example, studies that 
had analysed farmers´ stated reasons for mortality used different 
terminology and nomenclature for cattle disposal and often 
combined the categories.  
 
Nevertheless, understanding why cows die requires a more detailed 
data of the disease history (the primary disease) and a postmortem 
examination, and these analyses are infrequently performed in dairy 
operations (McConnel and Garry, 2019). For example, Küker et al. 
(2018) found that 45% of necropsied cattle had more than one 
disease syndrome, which makes determining the cause of death 
more difficult. The literature has suggested collecting sounder data 
on each death case, for example, death certificates covering the 
necropsy findings, disease history, and other important aspects that 
contributed to the death, and using death loss categories and 
descriptions (McConnel and Garry, 2017; Lombard et al., 2019). For 
example, thorough postmortem data collection sheets were created 
by McConnel et al. (2010). Unfortunately, there are few effective 
systems for cattle farms that accurately define and analyse mortality 
reasons; nevertheless, the latter would reveal the limitations of the 
herd management system, allowing for effective mitigation 
strategies (McConnel et al., 2010). 
 

2.3 Risk factors for dairy cattle on-farm mortality 
 
The majority of the studies to detect risk factors for dairy cow 
mortality have described animal-level characteristics associated with 
on-farm mortality (Table 1). Examples of these animal-level risk 
factors are higher milk somatic cell count, Holstein breed, older age 
at first calving, dystocia, longer calving interval, and older parity 
(McConnel et al., 2008; Alvåsen et al., 2014b; Pannwitz, 2015), for 
example, mortality risk was higher during calving season and in the 
early lactation stage in dairy cows (Alvåsen et al., 2014b). By 
contrast, an Italian study found that dry cows had a higher risk of 
mortality (Fusi et al., 2017).  
 
Several studies have analysed the association between milk yield and 
mortality at the herd level and animal level. Miller et al. (2008) 
found that higher-producing cows had a higher mortality risk. 
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Higher milk yield at previous lactation was found to be a risk factor 
in Swedish dairy cows (Alvåsen et al., 2014b). Contrary to this 
finding, Alvåsen et al. (2014b) and Shahid et al. (2015) have found 
that lower milk yield at first test-milking resulted in higher 
mortality (Table 1).  
 
According to the literature, heritability estimates for dairy calf, 
heifer, and cow survival are low (Pritchard et al., 2013; Gonzalez-
Peña et al., 2019), indicating that other nongenetic factors have a 
higher impact on survival (Dechow and Goodling, 2008; Maia et al., 
2014).  
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Table 1. Animal-level factors associated with dairy cow on-farm mortality  

Risk factor Study population Reference 
Age / parity New Zealand Harris, 1989  

United Kingdom Faye and Perochon, 1995 
 Denmark Thomsen et al., 2004 
 USA Hare et al., 2006  

USA Miller et al., 2008  
Sweden Alvåsen et al., 2014b 

 Denmark Maia et al., 2014  
USA Tokuhisa et al., 2014  
USA Shahid et al., 2015 

 Italy Fusi et al., 2017 
Age at first calving Sweden Alvåsen et al., 2014b 
Purchase status Sweden Alvåsen et al., 2014b 
Calving season New Zealand Harris, 1989  

Sweden Alvåsen et al., 2014b 
Lactation stage United Kingdom Faye and Perochon, 1995  

Denmark Thomsen et al., 2004  
USA Miller et al., 2008 

 Ireland Maher et al., 2008  
Sweden Alvåsen et al., 2014b 

 Italy Fusi et al., 2017 
Milk yield index of the 
dam 

Sweden Alvåsen et al., 2014b 

Traumatic events and 
diseases 

United Kingdom Faye and Perochon, 1995 
 

USA McConnel, 2010  
Sweden Alvåsen et al., 2014b 

Milk yield USA Miller et al., 2008 
 Sweden Alvåsen et al., 2014b  

USA Shahid et al., 2015 
Breed Denmark Thomsen et al., 2006  

Sweden Alvåsen et al., 2014b  
USA Shahid et al., 2015 

Milk fat percentage New Zealand Harris, 1989 
 USA Shahid et al., 2015 
Milk fat-protein ratio USA Shahid et al., 2015 
Milk somatic cell count USA Shahid et al., 2015 
Milk urea level Sweden Alvåsen et al., 2014b 
 USA Shahid et al., 2015 
Length of the dry period USA Shahid et al., 2015 
Season USA Miller et al., 2008  

USA Tokuhisa et al., 2014 
Calving interval USA Shahid et al., 2015 
Sire genetic effect Ireland Maher et al., 2008 
Twin birth Sweden Alvåsen et al., 2014b 
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Risk factor Study population Reference 
 USA Shahid et al., 2015 
Sex of the born calf USA Shahid et al., 2015 
Stillbirth Sweden Alvåsen et al., 2014b 
 USA Shahid et al., 2015 
Dystocia Sweden Alvåsen et al., 2014b  

USA Shahid et al., 2015 
 
The most commonly reported herd-level risk factors for dairy cow 
mortality are presented in Table 2. Some examples of herd-level 
factors associated with higher mortality are larger herd size, 
Holstein as the predominant breed in the herd (Thomsen et al., 
2006; Alvåsen et al., 2012), longer herd-calving interval (Raboisson 
et al., 2011; Alvåsen et al., 2012), and increased proportion of 
purchased cows (Thomsen et al., 2006; Raboisson et al., 2011). 
Several farm characteristics related to cow management have been 
associated with dairy cow on-farm mortality. In a study of Dechow 
et al. (2011) tie stall farms with outdoor access and not feeding total 
mixed rations had the lowest mortality rate. Some farm features 
associated with increased mortality were feeding a total mixed 
ration (McConnel et al., 2008), keeping close-up dry cows in their 
own group and having only one type of calving pen (Sarjokari et al., 
2018). Housing animals mainly in free stall barns was found to 
increase mortality (McConnel et al., 2008). Another study found 
that keeping cows in free stall barn with deep litter was associated 
with a lower mortality risk (Thomsen et al., 2006). Some factors 
were found to be related to lower on-farm mortality rates such as 
grazing (Thomsen et al., 2006; Burow et al., 2011) and using 
automatic milking systems (Burow et al., 2011). In addition, features 
related to lower mortality were having only one type of ally surface, 
one type of feed barrier at the feed bunk, and wider walkways 
(Sarjokari et al., 2018). Mortality was also lower in organically 
managed herds (Thomsen et al., 2006; Alvåsen et al., 2012). 
According to the time-series cointegration analysis of Nørgaard et 
al. (1999), the risk factors associated with dairy cow mortality were 
increased consumption of concentrates and resultant milk yield and 
a higher growth rate of the average herd size and investments in 
dairy farming. Some studies have agreed that herds with higher milk 
production have higher cow mortality (Dechow and Goodling, 
2008; Miller et al., 2008). Inversely, some studies  (Thomsen et al., 
2006; Raboisson et al., 2011; Alvåsen et al., 2012; Shahid et al., 2015) 
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have found that higher herd-level milk yield was associated with 
decreased mortality.  
 
Table 2. Herd-level factors associated with dairy cow on-farm mortality 

Risk factor Study population Reference 
Region USA Smith et al., 2000 
 USA McConnel et al., 2008 
 Sweden Alvåsen et al., 2012 
 USA McConnel et al., 2015 
Management type Denmark Thomsen et al., 2006 
 USA McConnel et al., 2008 
 USA Dechow et al., 2011 
 Sweden Alvåsen et al., 2014b 
 Sweden Alvasen et al., 2014c 
 Finland Sarjokari et al., 2018 
Milking system Sweden Alvåsen et al., 2014b 
 Sweden Alvasen et al., 2014c 
Herd size USA Smith et al., 2000 
 Sweden Alvåsen et al., 2012 
 Sweden Alvåsen et al., 2014c 
 USA Shahid et al., 2015 
 USA McConnel et al., 2015 
Herd breed structure Denmark Thomsen et al., 2006 
Number of cows per employee USA McConnel et al., 2015 
Proportion of purchased cows Denmark Thomsen et al., 2006 
 USA McConnel et al., 2008 
 France Raboisson et al., 2011 
Herd level of average milk 
somatic cell count 

Denmark Thomsen et al., 2006 

 Sweden Alvasen et al., 2014c 
 USA Shahid et al., 2015 
Herd level of milk yield USA Smith et al., 2000 
 Denmark Thomsen et al., 2006 
 USA McConnel et al., 2008 
 USA (Pennsylvania) Dechow and Goodling, 

2008 
 Denmark Burow et al., 2011 
 Sweden Alvåsen et al., 2012 
 USA Shahid et al., 2015 
 USA (Pennsylvania) Dechow and Goodling, 

2008 
 USA Shahid et al., 2015 
Herd stillbirth rate USA Shahid et al., 2015 
Feeding management USA McConnel et al., 2008 
 USA Dechow et al., 2011 
Routine drenching USA McConnel et al., 2008 
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Risk factor Study population Reference 
Vaccination programmes USA McConnel et al., 2008 
Incidence of diseases Denmark Thomsen et al., 2007 

 USA McConnel et al., 2008 
Herd level of milk fat 
percentage 

USA (Pennsylvania) Dechow and Goodling, 
2008 

Herd level of milk fat-protein 
ratio 

USA (Pennsylvania) Dechow and Goodling, 
2008 

Herd calving interval USA McConnel et al., 2008  
Sweden Alvåsen et al., 2012  
USA Shahid et al., 2015 

Grazing Denmark Thomsen et al., 2006 
 Denmark Burow et al., 2011  

Sweden Alvåsen et al., 2012 
 
Some examples of animal-level risk factors associated with calf and 
youngstock mortality, excluding studies on perinatal period 
mortality are presented in Table 3. Animal-level factors such as 
dystocia, being born as a twin or triplet (Gulliksen et al., 2009), male 
sex (Raboisson et al., 2013), birth weight (Urie et al., 2018), and 
respiratory disease and diarrhoea (Svensson et al., 2006; Gulliksen et 
al., 2009) were associated with mortality.  
 
Table 3. Animal-level factors associated with dairy youngstock on-farm mortality  

Risk factor Study population Reference 
Season Sweden Olsson et al., 1993 
 Sweden Svensson et al., 2006 
 Ireland Mee et al., 2008 
 Norway Gulliksen et al., 2009 
 France Raboisson et al., 2013 
 China Zhang et al., 2019 
 Great Britain Hyde et al., 2020 
Age of the dam Sweden Olsson et al., 1993 
 Norway Gulliksen et al., 2009 
 China Zhang et al., 2019 
Vaccination of dams USA Dubrovsky et al., 2019 
Dystocia USA Wells et al., 1996 
 Iran Azizzadeh et al., 2012 
Twin birth USA Wells et al., 1996 
 Northern Mexico Mellado et al., 2014 
 USA Dubrovsky et al., 2019 
Birth weight USA Urie et al., 2018 
Sex The Netherlands Perez et al., 1990 
 France Raboisson et al., 2013 
 Northern Mexico Mellado et al., 2014 
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Risk factor Study population Reference 
 New Zealand Cuttance et al., 2017 
 Great Britain Hyde et al., 2020 
Breed Sweden Olsson et al., 1993 
 France Raboisson et al., 2013 
Navel disinfection USA Jorgensen et al., 2017 
Time of feeding first 
colostrum 

Sweden Olsson et al., 1993 

 USA Wells et al., 1996 
 Northern Italy Zucali et al., 2013 
Pasteurization of 
colostrum and milk 

Spain Armengol and Fraile, 2016 

Serum total protein / 
IgG concentration 

USA Jorgensen et al., 2017 

 USA Urie et al., 2018 
Quantity of milk fed USA Dubrovsky et al., 2019 
Liquid diet fat content USA Urie et al., 2018 
Presence of disease The Netherlands Perez et al., 1990 
 USA (Minnesota) Sivula et al., 1996 
 Norway Gulliksen et al., 2009 
 United Kingdom Mahendran et al., 2017 
 USA Urie et al., 2018 
 USA Dubrovsky et al., 2019 
Previous treatment USA Windeyer et al., 2014 
Age USA (Minnesota) Sivula et al., 1996 
 Sweden Svensson et al., 2006 
 
Some examples of herd-level factors associated with calf mortality 
were larger herd size (Gulliksen et al., 2009), being born in a free 
stall compared with tie stall barn, and housing calves in group pens 
(Gulliksen et al., 2009). Housing calves in small group pens proved 
to be protective for mortality compared with housing calves in 
single pens or large group pens (Svensson et al., 2006). In addition, 
lower mortality occurred on farms that reared beef cows in addition 
to dairy cows and on farms where the proportion of heifers was 
lower (Raboisson et al., 2014) (Table 4). Environmental conditions 
play an important role in dairy calf mortality, and birth in colder 
months increases the calf mortality rates (Mellado et al., 2014; 
Pannwitz, 2015; Hyde et al., 2020).  
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Table 4. Herd-level factors associated with dairy youngstock on-farm mortality  
Risk factor Study population Reference 

Region New Zealand Cuttance et al., 2017 

Herd size Sweden Olsson et al., 1993 

 USA del Rio et al., 2007 

 Norway Gulliksen et al., 2009 

 Northern Mexico Mellado et al., 2014 

 Finland Seppä-Lassila et al., 2016 

 New Zealand Cuttance et al., 2017 

 USA Jorgensen et al., 2017 

Production type Denmark Nielsen et al., 2010 

 France Raboisson et al., 2014 

 Denmark Reiten et al., 2018 

Herd production level Finland Seppä-Lassila et al., 2016 

Housing system USA (Ohio) Lance et al., 1992 

 Sweden Olsson et al., 1993 

 USA Losinger and Heinrichs, 
1997 

 Sweden Svensson et al., 2006 

 Norway Gulliksen et al., 2009 

 Sweden Torsein et al., 2011 

 Northern Italy Zucali et al., 2013 

 Finland Seppä-Lassila et al., 2016 

Grazing Sweden Olsson et al., 1993 

Feeding method Sweden Olsson et al., 1993  
New Zealand Cuttance et al., 2017 

Milk feeding period Finland Seppä-Lassila et al., 2016 

Characteristics of calving stall Norway Gulliksen et al., 2009 

 Sweden Torsein et al., 2011 

Duration of time in calving pen Finland Seppä-Lassila et al., 2016 

Farmers’ mind-set Denmark Vaarst and Sørensen, 
2009 

 Netherlands Santman-Berends et al., 
2014 

Purchase of cows Denmark Nielsen et al., 2010 

 Sweden Torsein et al., 2011 

 France Raboisson et al., 2014 
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Risk factor Study population Reference 

 Netherlands Santman-Berends et al., 
2014 

Incidence of (infectious) diseases Sweden Olsson et al., 1993  
Sweden Torsein et al., 2011  
USA Walker et al., 2012  
New Zealand Cuttance et al., 2017 

 
A general assumption is that approximately half of the calf deaths 
can be prevented by proper management (Santman-Berends et al., 
2014). Raboisson et al. (2011), and Cuttance et al. (2017) suggested 
that farmers’ management style highly influences cow and calf 
mortality, respectively. A few studies have indicated that human 
perceptions, beliefs, attitudes, and mindsets affect calf mortality 
(Vaarst and Sørensen, 2009; Santman-Berends et al., 2014). 
 

2.4 Risk factors for beef cattle on-farm mortality 
 
Some examples of risk factors associated with beef cattle on-farm 
mortality are presented in Table 5, excluding studies on perinatal 
period mortality. Animal-level risk factors of beef calf mortality 
include male sex (Pannwitz, 2015), younger age of the dam (Azzam 
et al., 1993; Tarrés et al., 2005; Mõtus et al., 2018), lower birth weight 
of calves, and assisted calving (Azzam et al., 1993; Tarrés et al., 2005; 
Mõtus et al., 2018). Animal-level risk factors for mortality of beef 
cows are older parity, older age at first calving; having an abortion, 
dystocia, or stillbirth; and the early post-calving period (Waldner et 
al., 2009; Pannwitz, 2015; Mõtus and Emanuelson, 2017). Herd-
level risk factors for beef calf mortality are larger herd size 
(Pannwitz, 2015; Mõtus et al., 2019), calving season, feeding 
management (Waldner et al., 2009), and accumulated births in a 
shorter period (Tarrés et al., 2005). Protein malnutrition in cows 
increased mortality in beef calves (Waldhalm et al., 1979). Feeding 
corn silage as the major roughage to cattle was associated with 
increased on-farm mortality (Martin et al., 1980, 1981). Buying 
cattle from only one farm, not mixing of animals during transport, 
presence of a sick pen, and maintaining production records were 
associated with a lower percentage of mortality (Brščić et al., 2018). 
In addition, purchasing animals into the herd at or near the time of 
calving was associated with increased mortality (Elghafghuf et al., 
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2014). Climatic conditions (cold weather) during birth have been 
associated with an increased risk for beef calf mortality (Azzam et 
al., 1993; Elghafghuf et al, 2014). According to Elghafghuf et al. 
(2014), the hazard of calf mortality increased as the calving season 
progressed with an increasing number of calves in the herd. 
  
Table 5. Main factors associated with beef cattle on-farm mortality 

Risk factor Study 
population 

Age category Reference 

Herd size Canada Neonatal calves Rogers et al., 1985 
 Canada All age groups Dutil et al., 1999 
 Canada All age groups Murray et al., 2016 
 Ireland All age groups Ring et al., 2018 
 Estonia Beef cows Mõtus et al., 2019 
Colostrum 
management 

Canada All age groups Murray et al., 2016 

Feeding ration USA Beef calves Waldhalm et al., 1979  
Canada All age groups Martin et al., 1980  
Canada Youngstock Martin et al., 1981 

 Canada All age groups Waldner et al., 2009 
 Austria, 

Germany, Italy 
All age groups Brščić et al., 2018 

 Netherlands Calves Santman-Berends et 
al., 2018 

Use of vaccination Canada All age groups Martin et al., 1980  
Canada All age groups Martin et al., 1981  
Canada Neonatal calves Rogers et al., 1985 

 Canada All age groups Dutil et al., 1999 
Biosecurity 
measures 

Canada Calves Elghafghuf et al., 2014 

 Austria, 
Germany, Italy 

All age groups Brščić et al., 2018 

Age of dam New Zealand Preweaned calves Morris et al., 1986  
USA Preweaned calves Patterson et al., 1987 

 USA Preweaned calves Azzam et al., 1993  
USA Neonatal calves Wittum et al., 1994  
USA Calves up to 24 

hours 
Nix et al., 1998 

 
Spain Preweaned calves Tarrés et al., 2005 

 Canada Calves Elghafghuf et al., 2014 
 Australia Calves up to 

weaning 
Bunter et al., 2014 

 Estonia Beef cows Mõtus and 
Emanuelson, 2017 

 Estonia Calves Mõtus et al., 2018 
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Risk factor Study 
population 

Age category Reference 

Breed Australia Beef cattle Cusack et al., 2007 
 Switzerland Youngstock Bleul, 2011 
 Australia Preweaned calves Bunter et al., 2014 
 Italy All age groups Rumor et al., 2015 
Sex New Zealand Preweaned calves Morris et al., 1986  

USA Preweaned calves Patterson et al., 1987  
USA Calves up to 24 

hours 
Nix et al., 1998 

 Australia Beef cattle Cusack et al., 2007 
 Switzerland Youngstock Bleul, 2011 
 Switzerland Calves Bähler et al., 2012 
 Canada Calves Elghafghuf et al., 2014 
 Ireland All age groups Ring et al., 2018 
 Estonia Youngstock Mõtus et al., 2018 
Birth weight USA Neonatal calves Azzam et al., 1993 
 Netherlands Calves (veal) Santman-Berends et 

al., 2018 
 Estonia Calves Mõtus et al., 2018 
Incidence of 
(infectious) 
diseases 

Canada Youngstock Ganaba et al., 1995 

 Australia Beef cattle Cusack et al., 2007 
 Canada All age groups Murray et al., 2016 
 Netherlands Calves (veal) Santman-Berends et 

al., 2018 
Season of calving Canada Neonatal calves Rogers et al., 1985 
 USA Neonatal calves Townsend, 1994 
 Spain Preweaned calves Tarrés et al., 2005  

Switzerland Youngstock Bleul, 2011 
 Canada All age groups Murray et al., 2016 
 Estonia Calves Mõtus et al., 2018 
Floor type Italy All age groups Rumor et al., 2015 
Climatic 
conditions during 
calving 

USA Preweaned calves Azzam et al., 1993 

    
 France All age groups Morignat et al., 2015 
Calving 
management 
conditions 

USA Calves Schumann et al., 1990 

 USA Preweaned calves Sanderson and 
Dargatz, 2000 

 Canada Calves Elghafghuf et al., 2014 
Length of the 
calving period 

Canada All age groups Dutil et al., 1999 
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Risk factor Study 
population 

Age category Reference 

Barn climatic 
conditions 

Switzerland Calves Bähler et al., 2012 

Administration of 
antibiotics 

Canada Neonatal calves Rogers et al., 1985 

 Switzerland Calves Bähler et al., 2012 
 Netherlands Calves (veal) Santman-Berends et 

al., 2018 
Providing 
vitamins 

Canada Neonatal calves Rogers et al., 1985 

Method of 
castration 

Canada All age groups Murray et al., 2016 

Calf being twin USA Neonatal calves Wittum et al., 1994 
 Canada Calves Elghafghuf et al., 2014 
 Ireland All age groups Ring et al., 2018 
Dystocia USA Preweaned calves Patterson et al., 1987  

USA Neonatal calves Azzam et al., 1993 
     

Canada Youngstock Ganaba et al., 1995 
 USA Calves Gregory et al., 1996 
 Canada All age groups Dutil et al., 1999  

USA Preweaned calves Sanderson and 
Dargatz, 2000  

USA Beef cows Rogers et al., 2004 
 Spain Preweaned calves Tarrés et al., 2005  

Switzerland Youngstock Bleul, 2011  
Australia Preweaned calves Bunter et al., 2014 

 Canada Calves Elghafghuf et al., 2014 
 Canada All age groups Murray et al., 2016 
 Estonia Beef cows Mõtus and 

Emanuelson, 2017 
 Ireland Youngstock / 

cows 
Ring et al., 2018 

 Estonia Calves Mõtus et al., 2018 
Stillbirth or 
abortion 

Estonia Beef cows Mõtus and 
Emanuelson, 2017 
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3. AIMS OF THE STUDY 
 
The overall aim of this thesis was to identify the on-farm 
mortality rates in Estonian dairy and beef cattle and identify 
reasons and risk factors for mortality. 
 
Specific aims of the dissertation were to 
 

 analyse the on-farm mortality rates of Estonian dairy and 
beef cattle (I-IV); 
 

 identify the main reasons, seasonal patterns, and risk 
factors for on-farm mortality of Estonian dairy (I) and 
beef cattle (II); 
 

 identify the risk factors for on-farm mortality of 
primiparous and multiparous cows based on the data 
registered in the milk recording register (III); and 
 

 identify the characteristics and management practices of 
Estonian dairy herds associated with increased or 
decreased on-farm mortality of dairy calves and cows 
(IV). 
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4. MATERIALS AND METHODS 
 

4.1 Cattle data registers in Estonia 
 
According to European Union regulation EC 1760/2000, all cattle 
movements must be recorded in a national electronic database. 
Estonian Agricultural Registers and Information Board (EARIB) is 
the governmental agency established in 2000 responsible for 
administering the livestock data in Estonia. Estonian cattle farmers 
are obliged by law to ear-tag all calves within 20 days after birth  
(Põllumajandusministri määrus, 2010) and report the movements 
and exits of animals to the EARIB within 7 days 
(Põllumajandusministri määrus, 2010).  
 
Estonian Livestock Performance Recording Ltd (ELPR) is a 
voluntary production recording system for cattle, pigs, sheep, and 
goats in Estonia. The organisation is responsible for livestock 
performance testing, genetic evaluation, and raw milk quality 
testing. In 2018, 96% of Estonian dairy cows and approximately 
45% of beef cows were enrolled in ELPR (ELPR, 2019). 
 

4.2 Study population and data collection 
 

4.2.1 On-farm mortality rates and risk factors in Estonian 
dairy and beef cattle (I, II) 

 
Census data of the Estonian cattle population was retrieved from 
EARIB and ELPR for the study period from 1 January 2013 to 31 
December 2014. Dairy and beef herds were defined as herds with 
more than 75% of animals being of a dairy (I) or beef breed (II), 
respectively. EARIB data contains information on the whole cattle 
population and was used to calculate mortality rates and perform 
risk factor analysis. 
The dairy cow dataset included 363,380 animal-level observations 
from 2,616 herds (I), and the beef dataset included 78,605 animal 
records from 1,321 herds (II). 
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4.2.2 Risk factors for on-farm mortality of primiparous and 
multiparous dairy cows (III) 

 
Data of all dairy cattle participating in ELPR with herd size of ≥20 
cow-years during the study period between 1 January 2013 and 31 
December 2015 was retrieved from ELPR. Data from EARIB was 
collected to acquire information on the mortality events of these 
animals. Separate datasets were composed for primiparous and 
multiparous cows. The cows’ lactation was the unit in the analysis, 
and the observation period started from calving and lasted until the 
next parturition, failure (death or euthanasia), or right censoring 
(new parturition, selling or end of the study period). The dataset for 
this study included information on cows’ performance and 
reproductive indicators recorded in the ELPR. The dataset used for 
statistical analyses comprised information on 86,459 primiparous 
cows from 409 herds and 177,712 lactations of 109,314 multiparous 
cows from 410 herds. 
 
4.2.3 Herd-level risk factors for cow and calf on-farm mortality 

(IV) 
 
The study population included all dairy herds with ≥20 cow-years 
from 1 January 2015 to 31 December 2017 participating in ELPR. 
In total, 338 herds fulfilled the herd size criteria. The data used for 
calculating herd-level mortality rates for 2017–2018 in cows aged 24 
months and older and calves aged 21–90 days were collected from 
EARIB. A questionnaire was developed to collect data about herd 
characteristics, animal housing, and management routines. The 
questionnaires with a cover letter and a prestamped and addressed 
envelope were mailed to the 338 farmers in October 2017 by the 
ELPR, together with the monthly test-milking results. A reminder 
postcard was sent to all farms, and the farms that had not answered 
the questionnaire by February 2018 were contacted by phone 
between February and March to complete the questionnaire as a 
phone interview. 
 

4.3 Data editing 
 
In the mortality calculations for dairy cattle (I), we created seven 
pre-defined age categories: <3 months, 3–5 months, 6–11 months, 
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12–17 months, 18–23 months, 24–35 months, and ≥36 months.  
For beef, the category ≥36 months was split into three groups: 36–
48 months, 48–60 months, and over 60 months (II). For beef cattle 
(II), six main breeds with substantial numbers of recordings were 
included as separate breed categories, and the breed category ‘Other’ 
included dairy breed cattle and beef breeds that are rarely 
represented in Estonia. Three breed categories (Estonian Holstein, 
Estonian Red, and Other breeds) were created for dairy cattle 
analysis (I). Variable ‘herd size’ was created based on the number of 
animal-years (including cattle of all ages) in the total per calendar 
year, and four categories were created by approximate quartile 
values: dairy herds with 1–399, 400–899, 900–1499, and ≥1500 
animal-years (I) and beef herds with <40, 40–99, 100–199, and 
≥200 animal-years (II). Based on the location of the herd, counties 
were compiled into four regions: Northeast, Southeast, Southwest, 
and Northwest (I, II). ELPR data were combined with EARIB data 
to identify the reasons (marked in ELPR data) for each mortality 
event (in EARIB data). Farmers’ stated reasons for unassisted death 
and euthanasia were categorised into broader meaningful categories 
(I, II).  
 
In study III, the following variables were created from the original 
datasets: ‘Calf’ (including categories female calf, male calf, twins, or 
triplets and category for stillbirths and abortions), ‘Breed’ (Estonian 
Holstein and Estonian Red together with Estonian Native breed), 
‘Region’ (Northeast, Southeast, Southwest, and Northwest), 
‘Season at calving’ (winter, spring, summer, and autumn) and 
‘Change of herd size’ (no considerable change in number of cow-
years from 2013 to 2015 (+/- 5%), moderate decrease (-5% to -15%), 
heavy decrease (over -15%), moderate increase (5% to 15%) and 
heavy increase (over 15%) between 2013 and 2015). The analysis 
included variables in the level of test-milking ‘Milk somatic cell 
count’ (dichotomised at the level of 200,000 cells/ml [Bradley and 
Green, 2005]), ‘Milk fat/protein ratio’ (dichotomixed in 1.5 [Heuer 
et al., 1999]), and ‘Milk urea content’ (dichotomised in 19 mg/dl 
[Butler et al., 1996]).  Variables ‘Milk yield’ and ‘Days in milk’ were 
used as continuous variables. For the herd-level production and 
reproduction data, three-year (2013–2015) averages were calculated. 
 



35 

In study IV, the answers to the postal questionnaires and 
questionnaires that were completed by telephone interview were 
used. Herd size (number of cows) and herd performance data (herd 
milk yield averages, milk somatic cell count, milk urea level, milk 
fat/protein ratio, age at first insemination, age at first calving, 
calving interval, calving to first insemination and calving to 
conception interval, length of dry period, herd average number of 
inseminations per conception, first insemination conception rate, 
proportion of stillbirths and abortions, and herd number of 
lactations) were retrieved from ELPR for the three study years. 
Three-year (2015 to 2017) averages were calculated for herd 
performance data and were used as continuous variables in the 
statistical analyses. EARIB 2017 and 2018 data were used to calculate 
three-year average within-herd mortality rates for calves 21–90 days 
of age and cattle 24 months or older reared in the animal unit, for 
which the farmer answered the questions. The numerator was the 
number of deaths (unassisted death and euthanasia) of the respective 
age category and the denominator was the number of animal-days 
in the farm unit of the respective age group. The animal-level 
observation period started at the beginning of the specific age 
category or since the import date for bought animals. The 
contribution of animal-day at risk was accounted until mortality 
(unassisted death or euthanasia) or censoring (slaughter, selling, 
exporting, animal lost, since becoming 90 days of age for calves) or 
until the end of the study period. 
 

4.4 Statistical analyses 
 
In studies I and II, survival analysis was used to identify the 
mortality rates of the specific age categories, and left truncation of 
the data were considered by defining the date when the animals 
entered the study (Cain et al., 2011). The date the animal entered 
the study was 1 January 2013 for animals already present in the 
population at that date, birth date for animals born during the study 
period, and date of purchase for imported animals. Multivariable 
Weibull proportional hazard models with herd as a gamma 
distributed frailty effect were composed for detecting significant 
associations between potential risk factors and on-farm mortality. 
The risk factor analysis was performed separately in three age 
categories: dairy calves aged <3 months, youngstock 3–23, months 
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and cattle aged ≥24 months (I); and beef calves aged <3 months, 
youngstock 3-17 months, and adult beef cattle aged ≥ 18 months 
(II). Animals accumulated time at risk in age category until failure 
(unassisted death or euthanasia), censoring or moving to the next 
age category. Seasonal distribution of dairy cattle mortality was 
analysed in four age groups (calves aged <3 months, youngstock 3–
11 months, youngstock 12-23 months, and cattle aged ≥24 months) 
(I), and seasonal effects of mortality among beef cattle were analysed 
in three age groups (calves aged <3 months, youngstock aged 3–18 
months, cattle aged ≥18 months) (II) by using survival analysis. To 
detect changes between mortality hazards of adjacent months, an 
univariable Weibull proportional hazard model with month as the 
hierarchical predictor and farm as the random effect was composed.  
 
In study III, the statistical analyses were conducted on the lactation 
level, and the duration of the observation period was from one 
calving to the following parturition,  failure event of interest 
(unassisted death or euthanasia), or right censoring (next calving, 
selling, slaughter or end of the study period). Univariable random 
effect (herd as a random effect) Weibull models were used to detect 
univariable associations between variables and mortality hazard. 
Variables with p < 0.25 were included in the multivariable analysis. 
Manual backward elimination was used to exclude statistically 
insignificant (p > 0.05) variables from the multivariable model. A 
separate model was conducted for analysing the associations 
between the first test-milk results and consecutive mortality hazard 
during the lactation. For that, observations that were left censored 
before the first test-milking (cows that were culled, sold, or dead) 
and cows that had no records of the first test-milking (probably sick 
cows) were excluded from the analyses. The observation period 
started from the day of first test-milking and ended at parturition, 
failure or right censoring.  
 
In study IV, the statistical analyses identifying risk factors for 
mortality were conducted separately for calves (21–90 days) and 
cows (cattle ≥ 24 months). Based on the distribution of the 
mortality rate, negative binomial regression analysis and linear 
regression analysis were used for modelling risk factors in calves and 
cows, respectively. Manual backward elimination was used to 
exclude statistically nonsignificant (p > 0.05) variables from the 
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multivariable model. To detect confounding effects of the variables, 
change in the magnitude of the regression coefficients was observed 
after removing the variable. In the linear regression model, linear 
associations between continuous predictors and outcome variables 
were tested. 
 
All the models were checked for their assumptions and overall fit 
of the models was tested. Stata MP14 (StataCorp, College Station, 
Texas, USA) was used for the statistical analyses.  
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5. RESULTS 
 

5.1 On-farm mortality rates of Estonian dairy cattle (I) 
 
Dairy cattle on-farm mortality (including unassisted death and 
euthanasia) rate (MR) per 100 animal-years was 6.95 (95% 
confidence interval (CI) 6.87; 7.04). The mortality was highest in 
young calves under 3 months of age (MR = 27.70 per 100 animal-
years, 95% CI 26.99; 28.43 and MR = 55.96 per 100 animal-years, 
95% CI 54.53; 57.42 in female and male calves, respectively). After 
that age, mortality rates decreased and were lowest in 12–17 months 
old heifers (MR = 0.99 per 100 animal-years, 95% CI 0.89; 1.10) but 
have increased continuously since then (Figure 1). 
 

 
Figure 1. Mortality rate estimates in female and male cattle of Estonian dairy 
herds by age group (** p value < 0.001 compared with the preceding age category 
in the Weibull proportional hazards model with the farm frailty effect) 
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5.2 On-farm mortality rates of primiparous and multiparous 
cows (III) 

 
The MR of primiparous cows was 5.09 per 100 cow-years (95% CI 
4.93; 5.26) and for multiparous cows, the MR was 8.28 per 100 cow-
years (95% CI 8.13; 8.44). The mortality hazard was significantly 
greater in multiparous cows compared with primiparous cows. The 
median time of death in primiparous cows was 57.5 (quartiles 14.5-
250.5) days post calving. In total, 39% of the deaths in primiparous 
cows occurred during the first 30 days of lactation. In multiparous 
cows, the median time from calving to death was 35.5 (quartiles 8.5-
150.5) days, and 47.4% of the deaths occurred during the first month 
after calving (Figure 2). 
 

 
Figure 2. Kaplan–Meier curve for survival probability in primiparous and 
multiparous cows from the day of calving up to 600 days post calving in 86,459 
primiparous and 109,314 multiparous cows observed between 1 January 2013 to 
31 December 2015 in Estonian dairy herds 
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5.3 On-farm mortality rates of Estonian beef cattle (II) 
 
Beef cattle on-farm MR per 100 animal-years was 2.14 (95% CI 2.05; 
2.23). The mortality rate estimates for beef female and male cattle 
are presented in Figure 3. The MR was highest in beef calves aged 
up to 3 months of age (MR = 6.21, 95% CI 5.49; 7.02 and 
MR = 7.78, per 100 animal-years, 95% CI 6.97; 8.68 in females and 
males, respectively). Among female beef cattle, the mortality rate 
was lowest during the age period from three to 6 months 
(MR = 1.09, 95% CI 0.81; 1.46). In female beef cattle, the on-farm 
mortality rate increased after 18 months of age and remained 
elevated.  
 

 
Figure 3. Mortality rate estimates in female and male cattle of Estonian beef herds 
by age group (* p < 0.05 and ** p < 0.001 compared with the preceding age 
category in the Weibull proportional hazard model with farm frailty effect) 
 

5.4 Farmers’ stated reasons for on-farm mortality (I, II) 
 
Farmers’ main stated reasons for dairy cow unassisted death and 
euthanasia according to ELPR data were ‘Metabolic and digestive 
disorders’ (40.1%) and ‘Feet/claw disorders’ (23.6%), for dairy 
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heifers ‘Metabolic and digestive disorders’ (43.2%), ‘Respiratory and 
infectious diseases’ (26.8%) and ‘Other reasons’ (11.8%) and for 
young bulls ‘Metabolic and digestive disorders’ (55.2%) and 
‘Respiratory and infectious diseases’ (23.5%).  
 
The most commonly stated reasons for beef cow mortality were 
‘Other reasons’ (29.1%) and ‘Trauma and accident’ (28.1%). For 
beef heifers, ‘Trauma and accident’ (30.3%) and ‘Metabolic and 
digestive disorders’ (28.3) were the most commonly stated reasons 
for mortality. ‘Metabolic and digestive disorders’ were the most 
common cause of on-farm mortality events among young beef bulls.  
 
5.5 Risk factors for on-farm mortality of Estonian dairy cattle 

(I) 
 
The highest mortality hazard for dairy calves <3 months of age 
occurred in Estonian Holstein bull calves (Hazard rate ratio 
(HR) = 1.97, 95% CI 1.89; 2.05, p < 0.001 compared with female 
Estonian Holstein calves). All herd size categories with more than 
400 animal-years were associated with a significantly higher hazard 
of dairy calf mortality compared with that of smaller herds 
(p < 0.001). 
 
In the model analysing risk factors for mortality in youngstock aged 
3–23 months, there was a significant interaction between the age 
category and sex of an animal. The hazard of mortality was highest 
in female cattle aged 3–11 months, and this was the baseline 
category in the model. The lowest mortality hazard was observed 
in female cattle aged 12–17 months (HR = 0.11, 95% CI 0.10; 0.13). 
The hazard of mortality was significantly higher in 18–23 months 
old female cattle compared with that of 12–17 months old female 
cattle (HR = 2.54, 95% CI 2.22; 2.92). Compared with Estonian 
Holstein breed animals, Estonian Red breed cattle had a lower 
mortality hazard (HR = 0.82, 95% CI 0.70; 0.95). Mortality hazard 
was significantly higher in herds of over 400 animal-years compared 
with that of smaller herds. The hazard of mortality was lowest in 
the Southwest (HR = 0.67, 95% CI 0.52; 0.87) compared with that 
in the baseline category: Northeast.  
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In cattle aged ≥24 months, there was significant interaction 
between herd size and age category. Compared with smaller herds, 
a significantly higher mortality hazard was identified in herds with 
more than 400 animal-years. In herds with less than 400 animal-
years, mortality hazard was significantly higher in cattle aged ≥36 
months compared with that of 24–35 months old cattle, which was 
the baseline category (HR = 1.41, 95% CI 1.26; 1.58). When herd 
size was considered, mortality hazard was significantly higher in the 
older age group (≥36 months) compared with that in the younger 
age category (24–35 months). Estonian Red breed cattle had a lower 
mortality hazard (HR = 0.70, 95% CI 0.65; 0.75) compared with 
that of Estonian Holstein breed cattle. The hazard of mortality was 
significantly lower in all regions compared with the baseline 
category: Northeast. 
 

5.6 Risk factors for on-farm mortality of Estonian beef cattle 
(II) 

 
Compared with female calves, beef male calves less than 3 months 
of age had a higher risk of on-farm death (HR = 1.27, 95% CI 1.08; 
1.50). Calves from larger herds and from the Northeast region had 
a higher risk of mortality.  
 
Significant interaction was observed between age category and herd 
size in the model of risk factors among beef youngstock 3–18 
months of age. In herds with <40 and 100-199 animal-years, the 
hazard of mortality was significantly higher for 12–18 months old 
cattle compared with that of 3–6 months old animals (HR = 1.78, 
95% CI 1.02; 3.10 and HR = 1.79, 95% CI 1.01; 3.18, respectively). 
Male beef youngstock had a higher risk of mortality than did 
females (HR = 1.33, 95% CI 1.11; 1.59).  
 
The third beef cattle risk factor model analysed risk factors for 
mortality among cattle over 18 months of age. Older cattle (over 60 
months of age) had a significantly higher mortality hazard 
compared with the baseline group (18–24 months of age; 
HR = 1.35, 95% CI 1.11; 1.65). Rarely represented beef breeds or 
dairy breeds (breed category ‘Other’) had the highest mortality 
hazard (HR = 1.41 95% CI 1.11; 1.78) compared with the reference 
group: Hereford breed cattle. An interaction was observed between 
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herd size and sex. The mortality hazard was lowest in bulls from 
herds with less than 100 animal-years whereas, there was no 
significant difference in mortality hazard between female cattle of 
different herd size categories. 
 
5.7 Seasonal distribution of mortality in dairy and beef cattle 

(I, II) 
 
Dairy calves aged <3 months had a higher mortality hazard in 
January, February, and March in both study years (2013 and 2014). 
In addition, August and December 2014 were months with a high 
mortality hazard for young calves. Heifers aged 3–11 months had 
the highest mortality rates in August and September in both years, 
October 2013, and December 2014. For heifers aged 12–23 months, 
the mortality hazard increased from March 2014 and stayed high 
during the second half of 2014. Among adult cattle (≥24 months), 
the period with an increased mortality rate was summer (July to 
September) 2013. Mortality rate in adult cattle also started to 
increase considerably in December 2013 and remained higher than 
the equivalent months in 2013 (I). 
 
The highest mortality rate in beef cattle of all age groups was found 
between February and May in 2013 and 2014. The period with the 
lowest mortality was during the summer months (July to 
September), with a subsequent gradual increase during the autumn 
months (II). 
 

5.8 Risk factors for on-farm mortality of primiparous and 
multiparous cows (III) 

 
The results of risk factor analysis of mortality for primiparous and 
multiparous cows are presented in Tables 6 and 7, respectively. The 
mortality hazard was higher for Estonian Holstein breed cows. 
Older age at first calving was associated with a higher mortality 
hazard. A time-dependent effect of assisted calving was observed for 
the mortality hazard for primiparous and multiparous cows. Cows 
that had assisted calving had a significantly higher mortality hazard 
up to seven days post calving compared with cows that did not have 
assisted calving, for example, having a stillbirth was associated with 
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increased mortality risk in primiparous and multiparous cows 
(Tables 6 and 7). 
 
Compared with singleton live female calves, in multiparous cows, 
the higher mortality risk occurred in cows who gave birth to a male 
calf or twins/triplets. Higher mortality risk was observed for cows 
with a milk somatic cell count over 200,000 per ml at last test-
milking before dry-off. Other animal-level variables significant in 
the multivariable risk factor model of multiparous cows were 
longer previous inter-calving interval and older parity, also calving 
year influenced cow survival (Table 7). 
 
More cows in a herd was associated with a higher mortality hazard 
in primiparous and multiparous cows, and the association was 
curvilinear. Primiparous cows had a significantly higher mortality 
risk when the herd size decreased within the three study years. For 
cows kept in a robot milking system, at first test-milking, had a 
significantly lower risk of death compared with that of cows milked 
twice a day. Higher herd average milk fat/protein ratio was 
negatively associated with multiparous cow mortality hazard. A 
protective effect for cow mortality occurred when the herd average 
number of lactations was higher and herd average number of 
inseminations was smaller. Herd location in Northeast was 
associated with the highest mortality hazard (Tables 6 and 7). 
 
Table 6. Results of the multivariable random-effect Weibull model for risk factors 
of mortality in 85,884 primiparous dairy cows (herds n = 390) 

Variable Category nab Hazard 
Rate 
Ratio 

95% 
Confidence 

Intervals 
Animal-level variables     
Assisted calving x 
periodb 

No 139,742 1 
 

 
Yes, <7 days 15,425 3.87 3.34; 4.49  
Yes, >7 days 19,950 1.28 1.16; 1.41 

Stillbirtha No 75,909 1  
 Yes 9,975 1.65 1.51; 1.80 
Age at first calving 
(months) 

  1.05 1.04; 1.06 

Breeda Estonian Holstein 70,601 1  
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Variable Category nab Hazard 
Rate 
Ratio 

95% 
Confidence 

Intervals 
 Estonian Red and 

Estonian Native 
 
 
 

15,283 0.68 0.59; 0.78 

Herd-level variables     
Herd average number of 
cows (centered) (one unit 
change is 20 cows) 

  1.01 1.005; 1.015 

Square term of herd 
average number of cows 
(centered) 

  0.9998 0.9996; 
0.9999 

Herd average number of 
lactations 

  0.61 0.48; 0.78 

Herd average number of 
inseminations per 
conceptions 

  1.35 1.12; 1.63 

Regionac Northeast 36,694 1  
 Southeast 17,257 0.71 0.59; 0.85 
 Southwest 19,134 0.65 0.54; 0.78 
 Northwest 12,799 0.75 0.62; 0.90 
Change of herd size from 
2013 to 2015a 

No change (+/- 
5%) 

39,177 1  

 Decrease >5 to 
15% 

12,917 1.34 1.08; 1.65 

 Decrease >15% 8,511 1.64 1.31; 2.04 
 Increase >5 to 

15% 
13,601 0.94 0.77; 1.17 

 Increase >15% 11,678 1.03 0.81; 1.31 
anumber of cows in each category 
bnumber of observations in each category after splitting the observations in 7th day post-
calving 
cNortheast Estonia: Ida-Viru, Lääne-Viru, Jõgeva, Järva county; Southeast Estonia: Tartu, 
Valga, Võru, Põlva county; Southwest Estonia: Pärnu, Viljandi, Saare county; Northwest 
Estonia: Harju, Rapla, Lääne, Hiiu county 
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Table 7. Results of the multivariable random-effect Weibull model for risk factors 
of mortality in 108,398 multiparous dairy cows (herds n = 389) 

Variable Category nabc Hazard 
Rate 
Ratio 

95% 
Confidence 

Intervals 
Animal-level variables 
Assisted calving x 
periodc 

No 240,957 1  

 Yes, <7 days 13,756 3.75 3.39; 4.14 
 Yes, >7 days 8,710 1.12 1.04; 1.22 
Calving yearb 2013 57,451 1  
 2014 59,530 0.79 0.75; 0.82 
 2015 59,034 0.35 0.33; 0.37 
Calfb Female 76,004 1  
 Male 83,038 1.06 1.01; 1.10 
 Twins/triplets 9,536 1.60 1.49; 1.72 
 Stillbirth/abortion 7,437 1.33 1.23; 1.45 
Milk somatic cell 
count at last test-
milking in previous 
lactation ( 
*1000/ml)b 

 

 

<200 95,529 1  
≥200 77,875 1.05 1.01; 1.10 
Missing 2,611 1.08 0.94; 1.24 

Length of previous 
inter-calving 
interval (days) 

  1.001 1.0008; 1.0012 

Abortion in 
previous lactationb 

No 175,170 1  

 Yes 845 1.15 0.93; 1.43 
Age at first calving 
(months) 

  1.01 1.00; 1.01 

Breeda Estonian Holstein 86,428 1  
 Estonian Red and 

Estonian Native 
21,970 0.78 0.72; 0.84 

Parityb Second 66,949 1  
 Third 46,806 1.37 1.30; 1.45 
 Fourth 29,936 1.62 1.53; 1.71 
 Fifth 17,127 1.77 1.66; 1.89 
 Sixth 8,674 1.71 1.57; 1.86 
 ≥Seventh 6,523 1.75 1.59; 1.93 
Herd-level 
variables 

    

Herd average 
number of cows 

  1.01 1.0; 1.02 
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Variable Category nabc Hazard 
Rate 
Ratio 

95% 
Confidence 

Intervals 
(centered) (one unit 
change is 20 cows) 
Square term of herd 
average number of 
cows (centered) 

  0.9998 0.9997; 0.9999 

Herd average milk 
fat/protein ratio 

  0.14 0.05; 0.39 

Herd average 
number of 
lactations (centered) 

  0.63 0.49; 0.79 

Square term of herd 
average number of 
lactation (centered) 

  1.26 1.10; 1.45 

Herd average 
number of 
inseminations per 
conception 

  1.49 1.25; 1.76 

Regionad Northeast 43,589 1  
 Southeast 23,148 0.75 0.64; 0.88 
 Southwest 24,961 0.65 0.56; 0.76 
 Northwest 16,700 0.87 0.74; 1.03 
anumber of cows in each category 
bnumber of observations in each category 
cnumber of observations in each category after splitting the observations in 7th day post-
calving 
dNortheast Estonia: Ida-Viru, Lääne-Viru, Jõgeva, Järva county; Southeast Estonia: Tartu, 
Valga, Võru, Põlva county; Southwest Estonia: Pärnu, Viljandi, Saare county; Northwest 
Estonia: Harju, Rapla, Lääne, Hiiu county 
 
The first post-partum test-milking results associated with a higher 
mortality hazard throughout the lactation were lower milk yield, 
milk somatic cell count over 200,000 per ml, and milk fat/protein 
ratio over 1.5 (Table 8). 
 
Table 8. Results of the multivariable random-effect Weibull model for risk factors 
of mortality in 232,651 lactations of 140,996 dairy cows (herds n = 410) 

Variable Category nab Hazard 
Rate 
Ratio 

95% 
Confidence 

Intervals 
Animal-level variables     
Days in milk at first test-
milking 

  1.0008 0.998; 1.003 



48 

Variable Category nab Hazard 
Rate 
Ratio 

95% 
Confidence 

Intervals 
Milk yield at first test-
milking (centered) (kg) 

  0.971 0.968; 0.973 

Square term of milk yield at 
first test-milking  (centered) 

  1.0015 1.0013; 
1.0016 

Milk fat/protein ratio at first 
test-milkingb 

<1.5 181,687 1  

 ≥1.5 50,964 1.54 1.47; 1.62 
Milk somatic cell count at 
first test-milking (*1000/ml)b 

<200 174,534 1  

 ≥200 58,117 1.10 1.04; 1.15 
Breeda Estonian Holstein 113,327 1  
 Estonian Red and 

Estonian Native 
27,669 0.61 0.55; 0.67 

Parityb First 77,531 1  
 Second 60,747 1.51 1.41; 1.61 
 Third 41,303 1.93 1.80; 2.07 
 Fourth 25,828 2.28 2.12; 2.46 
 Fifth 14,408 2.51 2.30; 2.75 
 Sixth 7,337 2.40 2.12; 2.71 
 ≥Seventh 5,497 2.75 2.40; 3.15 
Herd-level variables     
Milking method at first test-
milkingb 

Milking twice a 
day 

163,181 1  

 Milking three 
times a day 

41,797 0.91 0.80; 1.04 

 Robot milking 27,673 0.75 0.66; 0.85 
Herd average number of 
cows (centered) (one unit 
change is 20 cows) 

  1.021 1.015; 1.027 

Square term of herd average 
number of cows (centered) 

  0.9995 0.9993; 
0.9996 

Regionac Northeast 57,388 1  
 Southeast 29,444 0.69 0.57; 0.84 
 Southwest 33,041 0.52 0.43; 0.62 
 Northwest 21,123 0.70 0.58; 0.86 
anumber of cows in each category 
bnumber of observations in each category 
cNortheast Estonia: Ida-Viru, Lääne-Viru, Jõgeva, Järva county; Southeast Estonia: Tartu, 
Valga, Võru, Põlva county; Southwest Estonia: Pärnu, Viljandi, Saare county; Northwest 
Estonia: Harju, Rapla, Lääne, Hiiu county 
 
  



49 

5.9 Herd-level factors associated with dairy calf mortality (IV) 
 
The final risk factor analysis for calf (aged 21–90 days) on-farm 
mortality comprised 212 farms (usable response rate = 62.7%). The 
median of the within-herd mortality rate for ear-tagged calves up to 
3 months of age was 0.15 per 100 calf-months (quartile (Q) 1 = 0.00 
and Q3 = 0.36).  
The results for herd-level factors associated with dairy calf (aged 21-
90 days) mortality are presented in Table 9. The incidence rate ratio 
(IRR) was higher in herds with a higher proportion of abortions 
(IRR = 1.22 for 1% increase) and a higher proportion of stillbirths 
(IRR = 1.09 for 1% increase). Management practices associated with 
higher calf within-herd mortality were prophylactic administration 
of vitamins to all calves (IRR = 1.48) and housing preweaned calves 
> 2 weeks of age only in single pen compared with housing both 
in single and group pen (IRR = 2.28). Calving in different places 
compared with having calvings restricted only to group pens was 
associated with a lower mortality rate (IRR = 0.40). Farms where 
the farmer attended trainings 2–3 times during the past four years 
had increased calf mortality risk compared with those that attended 
trainings only once (IRR = 1.91). There were also regional 
differences across herd calf mortality rates. 
 
Table 9. Results of the multivariable negative binomial regression analysis for 
risk factors associated with within-herd calf (aged 21–90 days) mortality rate in 
years 2017 and 2018 in 209 Estonian dairy herds 

Variable Categories n IRRa 95% 
Confidence 

Intervals 

Category 
p-value 

p-value 

Herd size 
(centered) 
(number of 
cowsb) 

  1.02 1.01; 1.03  0.005 

Square term of 
herd size 
(centered) 

  0.9997 0.9995; 
0.9999 

 0.001 

Herd proportion 
of stillbirths (%) 

  1.09 1.04; 1.14  <0.001 

Herd proportion 
of abortions (%) 

  1.22 1.09; 1.36  <0.001 

Regionc Northeast 59 1   0.020 
Southeast 44 0.63 0.44; 0.90 0.013  
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Variable Categories n IRRa 95% 
Confidence 

Intervals 

Category 
p-value 

p-value 

Southwest 71 1.10 0.79; 1.53 0.573  
Northwest 35 1.01 0.68; 1.52 0.946  

Farmer attending 
trainings within 
the last four years 

Once 48 1 
 

 0.008 
2-3 times 107 1.91 1.30; 2.81 0.001 

 

More than 3 
times 

31 1.34 0.83; 2.19 0.233 
 

No 23 1.09 0.57; 2.08 0.792  
Prophylactic 
administration of 
vitamins to calves 

No 70 1 
 

 0.041 
Sometimes 62 1.19 0.83; 1.69 0.337 

 

Yes (to more 
than 95% of 
calves) 

77 1.48 1.09; 2.01 0.012 
 

Housing of 
preweaned calves 
>2 weeks of age 

Group pen 168 1   0.020 
Single pen 18 1.17 0.67; 2.03 0.581  
Single and 
group pen 

23 0.51 0.32; 0.83 0.007  

Place of calving Group pen 68 1   0.020 
Individual 
pen 

41 0.83 0.59; 1.17 0.284  

Tie stall 84 1.13 0.79; 1.61 0.510  
Combined 
or otherd 

16 0.40 0.20; 0.78 0.008  

aIncidence Rate Ratio 
bone unit change is 20 cows 

cNortheast Estonia: Ida-Viru, Lääne-Viru, Jõgeva, Järva county; Southeast 
Estonia: Tartu, Valga, Võru, Põlva county; Southwest Estonia: Pärnu, Viljandi, 
Saare county; Northwest Estonia: Harju, Rapla, Lääne, Hiiu county 
dOther: calving on pasture and its combinations between other systems 
 
5.10 Herd-level factors associated with cow on-farm mortality 

(IV) 
 
The final datasets for analysing herd-level risk factors for cow (cattle 
over 24 months of age) on-farm mortality included data of 212 
entries. The median of the within-herd mortality rate for cows was 
4.57 per 100 cow-years (Q1= 2.44 and Q3= 6.86). 
The results for herd-level factors associated with dairy cow (cattle 
over 24 months of age) mortality are presented in Table 10. A 
significant interaction was observed between variables ’Herd size’ 
and ’Herd average proportion of stillbirths’. Higher mortality risk 
was identified in herds with a higher proportion of stillbirths, but 
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the effect was significant only in smaller (< 130 cows) farms 
(p < 0.001). Zero-grazing farms had a higher within-herd cow 
mortality rate (p = 0.006). Using only employed labour was 
associated with increased herd-level cow mortality compared with 
farms that did not use employees (p < 0.001). Farms that performed 
prophylactic hoof trimming had better cow survival compared with 
that on farms with no prophylactic hoof trimming (p = 0.002). 
Housing cows in a free stall barn was more beneficial for survival 
than housing cows in tie stalls (p = 0.011). In addition, farms that 
had a higher average number of lactations had lower mortality 
(p = 0.020), for example, the highest risk of cow mortality occurred 
in herds located in Northeast Estonia (p < 0.001). 
 
Table 10.  Results of multivariable linear regression analysis for risk factors for 
within-herd cow mortality rate in 2017 and 2018 in 212 Estonian dairy herds 

Variable Categories n Coeffi-
cienta 

95% Con-
fidence 

Intervals 

Cate-
gory p-
value 

p-value 
 

Handling 
animals 

Farmer and/or 
family 
members 

51 0   <0.001 

Employees in 
addition to 
farmer/family 

26 0.10  -0.22; 0.42 0.543  

Employees 
only 

135 0.64  0.35; 0.93 <0.001   

Housing system Tie stall 76 0   0.008 
Free stall 130 -0.37 -0.65; -0.09 0.011  
Combined 6 0.28 -0.29; 0.85 0.337  

Grazing No 83 0   0.006 
Yes 96 -0.37 -0.72; -0.03 0.034  
Only dry cows 33 0.25 -0.03; 0.52 0.076  

Frequency of 
prophylactic 
hoof trimming 

No 39 0   0.002 
Less than once 
a year 

31 -0.37 -0.69; -0.04 0.028  

Once a year 60 -0.56 -0.87; -0.25 <0.001  
≥2 times per 
year 

82 -0.31 -0.67; 0.06 0.105  

Herd size x herd 
average 
proportion of 
stillbirths (SB) 

Herds with 
<130 cows 
and SB < 7.5% 

59 0   <0.001 

Herd with 
<130 cows 
and SB ≥ 7.5% 

47 0.57 0.29; 0.85 <0.001  
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Variable Categories n Coeffi-
cienta 

95% Con-
fidence 

Intervals 

Cate-
gory p-
value 

p-value 
 

Herd with 
≥130 cows 
and SB <7.5% 

47 0.29 -0.05; 0.63 0.092  

Herd with 
≥130 cows 
and SB ≥7.5% 

59 0.43 0.08; 0.78 0.016  

Herd average 
number of 
lactations 

 212 -0.30 -0.55; -0.05 0.020 0.020 

Regionb Northeast 58 0   <0.001 
Southeast 44 -0.75 -1.01; -0.48 <0.001  
Southwest 72 -0.41 -0.66; -0.16 0.001  
Northwest 38 -0.46 -0.75; -0.18 0.002  

aSquare root transformation was made for the outcome variable „within-herd cow 
mortality rate“ 
bNortheast Estonia: Ida-Viru, Lääne-Viru, Jõgeva, Järva county; Southeast 
Estonia: Tartu, Valga, Võru, Põlva county; Southwest Estonia: Pärnu, Viljandi, 
Saare county; Northwest Estonia: Harju, Rapla, Lääne, Hiiu county 
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6. DISCUSSION 
 
6.1 On-farm mortality rates of Estonian dairy cattle (I, III, IV) 
 
The mortality rate of Estonian female cattle formed a reverse J-
shaped pattern, which has also been found in the literature (Perrin 
et al., 2012; Pannwitz, 2015). The identified mortality rate of dairy 
calves and cows is roughly comparable to what was identified in 
other studies (Alvåsen et al., 2012; Perrin et al., 2012; Pannwitz, 
2015; Shahid et al., 2015). Notably, calf mortality rates calculated 
from the national registry data are somewhat underestimated 
because of not including mortality data of non-ear-tagged calves 
(Pannwitz, 2015; Hyde et al., 2020), for example, comparing the 
mortality figures across studies is difficult because of the selection 
of the age groups and presenting mortality estimates (rate vs risk). 
Youngest calves have the highest mortality hazard because of 
susceptibility to infectious calfhood diseases, for example, 
pneumonia and diarhhea (Dhama et al., 2009; Lorenz et al., 2011a, 
2011b, 2011c; Cho and Yoon, 2014). This finding might occur 
because of potential stressors, for example, birth, transportation, 
and disbudding, and underdeveloped immunity (Hulbert and 
Moisá, 2016). The lowest mortality hazard was in heifers aged 12–
17 months. During this period, heifers are adapted to their 
environment and have possibly gained immunity to endemic 
infections. In addition, this age group is often under observation 
because of heat detection, insemination, and pregnancy testing. The 
mortality hazard increases gradually from 18 months of age. 
Approaching calving and the start of the lactation entails risk factors 
for several diseases and concomitant mortality.  
 
We revealed a very low proportion of euthanasia in the on-farm 
mortality compared with that in other studies (Thomsen and 
Sørensen, 2008; McConnel et al., 2009; Alvåsen et al., 2014a; 
Sarjokari et al., 2018). This finding should be interpreted with care 
because of possible misclassification bias. When reporting mortality 
to the animal registry the farmers can select between ‘death’ and 
‘emergency slaughter’. Personal communication with the animal 
registry and some farmers revealed a misunderstanding of the term 
‘emergency slaughter’, and farmers mostly report euthanised cows 
as ‘dead’ to the animal registry.  
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In study IV, a high variation in mortality rates between herds was 
observed, indicating that multiple factors influence cattle health and 
welfare. Similar associations have been reported in the literature 
(Dechow and Goodling, 2008; Raboisson et al., 2013; Sarjokari et 
al., 2018). The calf mortality rates are similar to those reported in 
France, Germany, and the Netherlands (Perrin et al., 2012; 
Pannwitz, 2015; Santman-Berends et al., 2019).  
 
In study IV, the herd mortality rates for cows might be 
underestimated because the exact date of first calving was unknown; 
thus, the values should be interpreted carefully. Overall, the cow 
mortality rates were comparable to what has been reported in 
Sweden and Finland (Alvåsen et al., 2012; Sarjokari et al., 2018). 
 

6.2 On-farm mortality rates of Estonian beef cattle (II) 
 
The on-farm mortality rates of Estonian beef cattle are roughly 
comparable to those found in the French and German populations 
by Perrin et al. (2012) and Pannwits (2015), respectively. Similar to 
dairy cattle, a reverse J-shaped pattern of mortality hazard over the 
animals´ lifetime formed for beef cattle. Youngest age category (<3 
months old calves) had the highest mortality rates, it declined after 
that but increased from 18 months of age. The limitations in 
comparing the studies presenting mortality with what was 
identified in Estonia are the same as those discussed in the previous 
chapter. In addition, studies have included beef cattle reared in 
different production systems (e.g. fattening farms, veal calf 
productions), making comparisons of the mortality rates with herds 
reared in extensive conditions arbitrary.  
 

6.3 Farmers stated reasons for on-farm mortality (I, II) 
 
The main reasons for on-farm mortality of dairy cows were 
‘Metabolic and digestive disorders’ and ‘Feet/claw disorders’, 
accounting for approximately one third of all mortality reasons. 
This finding emphasises the need for better control and 
management of the risk factors of these diseases. 
 
‘Trauma and accident’ and ‘Metabolic and digestive disorders’ were 
frequently reported mortality reasons for beef cows. Together with 
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‘Other/unknown reasons’, this accounted for the vast majority of 
deaths among beef cows. This indicates that the cattle environment 
must be improved to prevent injuries and put more emphasis on 
cow nutrition and possibly feed quality. In many cases, the real 
cause of death remains unknown (Thomsen and Houe, 2006; 
McConnel et al., 2009; Alvåsen et al., 2014a), especially when an 
animal is found dead (Fusi et al., 2017). In addition, farmers´ stated 
reasons for death are frequently incorrect (McConnel et al., 2009), 
that is, the study results are mostly indicative and need closer 
research to specify the true diagnoses, allowing for the composition 
of prophylactic recommendations and mitigation strategies. 
 
For both dairy and beef calves, the reason reported for the majority 
of the deaths was metabolic and digestive disorders and respiratory 
and infectious diseases, which usually occurred during the first 
months of life. These results are similar to those in the literature 
(Pardon et al., 2012; Raboisson et al., 2013). More effort should be 
put into the prevention of calf diarrhoea and respiratory disease in 
Estonian cattle herds. In the environment of older youngstock, the 
recommendation is to improve injury prevention because trauma 
and accidents were often the reported cause of death. 
 
6.4 Risk factors for on-farm mortality of Estonian dairy cattle 

(I) 
 
In study I, EARIB data were used to obtain a broader overview of 
the on-farm mortality of at-risk animal groups. In that dataset, 
animals´ age, sex, breed, herd size, and farm location could be used 
for the analysis. A higher mortality hazard was confirmed for male 
calves compared with female calves, which might be related to an 
increased predisposition to dystocia or because of lower economic 
value (Raboisson et al., 2013; Pannwitz, 2015; Hyde et al., 2020). 
 
Across all dairy breeds in Estonia, Holstein breed cows had the 
highest risk for on-farm mortality. This finding was also identified 
in the literature (Alvåsen et al., 2012; Shahid et al., 2015). Estonian 
Holstein breed cows have higher milk yield compared with 
Estonian Red cows (EARIB, 2018). Higher mortality has been 
found in cows with higher milk yield (Miller et al., 2008), and 
Holstein breed animals are more susceptible to production-related 
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diseases (Persson Waller et al., 2009), possibly explaining this 
association.  
 
Larger herd size has been reported to increase mortality (McConnel 
et al., 2008; Shahid et al., 2015), coinciding with the results of our 
studies. Herd size is a proxy for many factors; individual attention 
to animals is thought to be reduced in larger herds; compared with 
larger farms, smaller herds have different housing conditions and 
mechanisation (Raboisson et al., 2011). In addition, according to our 
review of the literature, grazing dairy cows in large free stall barns 
is uncommon in Estonia, and zero grazing is a known risk factor 
for cow mortality (Thomsen et al., 2006). 
 
Regional differences in mortality confirmed in the literature may 
be the consequence of different herd management practices in 
different locations, and further studies could reveal the causative 
factors.  
 

6.5 Risk factors for on-farm mortality of Estonian beef cattle 
(II) 

 
Compared with females, male calves and young bulls had higher 
mortality hazards. This finding can be explained by the higher 
biological risk because a higher birth weight increases the 
probability of dystocia and stillbirth but also because of the lower 
market value of male calves (Raboisson et al., 2013; Pannwitz, 2015) 
and possibly inferior rearing conditions. Breed was not a significant 
risk factor of mortality in beef calves and youngstock. In the group 
of cattle over 18 months of age, the rarely represented breeds in 
Estonia and dairy breed cattle had a considerably higher mortality 
hazard. The latter association was also confirmed in Germany 
(Pannwitz, 2015). Beef breeds that are rarely represented in Estonia 
might have a higher mortality risk because of farmers´ limited 
experience with these breeds and the discrepancy between the 
demands of those breeds and farm conditions. In general, larger herd 
size was a risk factor for mortality of beef cows in Estonia, 
coinciding with what has been reported elsewhere (Rogers et al., 
1985; Pannwitz, 2015). This finding emphasises the need to further 
research large-scale farms to reveal risk factors for cattle mortality 
in these conditions. 
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6.6 Seasonal distribution of mortality (I, II) 
 
Seasonal distributions of dairy cattle mortality differed in four age 
categories. Increased mortality of dairy calves during the winter has 
been identified in the literature, and low temperature may be 
associated with the lower vigour of calves and a more intensive 
spreading of infectious diseases, contributing to that higher 
mortality (Raboisson et al., 2013; Hyde et al., 2020). Dairy 
youngstock aged 3–11 months had somewhat higher on-farm 
mortality rates during autumn months. This finding is possibly 
explained by poorer pasture conditions and increased risk for 
parasitic infections at that time. In adult cattle (over 24 months), 
increased mortality rates occurred during summer months, 
coinciding with what was found in Spain (Torres et al., 2015), and 
could be explained by lower resistance because of heat stress 
(Bishop-Williams et al., 2015).  
 
Beef calf mortality had a seasonal pattern, and mortality was highest 
during the first four months of the year, which largely coincides 
with the calving season. Many studies have found that beef calf 
mortality risk increases with the accumulation of calvings 
(Raboisson et al., 2013; Elghafghuf et al., 2014) possibly because of 
the increased competition for resources and farmers´ attention and 
because of increased infection pressure. In Estonia, the daily average 
temperatures between January to March were below zero, and a U-
shaped relationship exists between the temperature–humidity index 
and mortality (Morignat et al., 2015). Therefore, to lower beef calf 
mortality, our recommendation is to time calvings to occur in the 
later spring months. Calving season is also a period with increased 
mortality risk in older beef cattle. We suppose that calving season is 
more demanding for adult cattle because of stress and impaired 
immunity resulting from calving and possibly inferior feed quality 
but also because of the higher number of susceptible individuals in 
a herd, favouring the spread of infectious diseases. 
 

6.7 Risk factors for on-farm mortality of primiparous and 
multiparous cows (III) 

 
Cows that had assisted calving, stillbirth/abortion, and 
twins/triplets had an increased hazard to die over the lactation. 
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Calving-related problems were associated with a higher risk of 
developing a retained placenta, metritis, and displaced abomasum, 
factors known to increase mortality risk (Goff and Horst, 1997). A 
longer previous calving interval was associated with an increased 
mortality hazard in multiparous cows, which complies with other 
studies (McConnel et al., 2008; Raboisson et al., 2011). A possibility 
is that a longer calving interval indicates a more severe negative 
energy balance or disease in the early post-partum period, resulting 
in delayed conception. In addition, after long lactations, cows may 
become obese before the next parturition, increasing the risk of 
developing post-partum diseases (Rukkwamsuk et al., 1999). 
Furthermore, our study results indicate that if cows suffer from 
clinical or subclinical diseases (e.g. mastitis or ketosis) during the 
early post-partum period, they have a higher risk of mortality. 
Therefore, we emphasise the importance of implementing 
prevention strategies for post-partum diseases and the relevance of 
monitoring activities to discover subclinically diseased cows, 
allowing fast intervention and prevention of developing clinical 
diseases.  
 
The highest mortality risk in cows occurred during the first 30 days 
post calving. Calving-associated problems and disorders bear a high 
risk for mortality (Alvåsen et al., 2014b; Shahid et al., 2015), and an 
early lactation period with accompanying negative energy balance 
make cows more susceptible to several diseases (Ostergaard and 
Sorensen, 1998). 
 
Mortality hazard increased with each parity. Increased mortality 
risk among older cows can be explained by the cumulative increased 
risk of calving and production-related diseases such as milk fever, 
displaced abomasum, mastitis, retained placenta, and ketosis 
(Gröhn et al., 1998; Thomsen et al., 2004; Shahid et al., 2015).  
 
In addition to animal-level factors, few herd-level factors recorded 
in the registry databases were related to cow-level mortality risk. 
Nevertheless, the herd effects analysed in study III did not affect 
on-farm mortality as strongly as animal effects. Cow mortality 
hazard was lowest when milked in automatic systems. Farms with 
a robot milking system differ from farms with milking parlours and 
tie stalls in many aspects. Robot milking systems provide 
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information that could be used to discover sick cows faster; 
furthermore, they allow individual milking frequency and 
individual supplementation of concentrates based on the cows´ 
milk yield and stage of lactation. 
 
Contrary to individual cow-level association, a higher herd average 
milk fat/protein ratio was a protective factor for mortality in 
multiparous dairy cows. The milk fat/protein ratio is decreasing in 
cows in cases of subacute rumen acidosis (Krause and Oetzel, 2005; 
Danscher et al., 2015), but many other factors (e.g. lactation stage 
and breed) affect milk fat percentage (Enemark, 2008).  
 
Parameters that reflected poorer herd reproduction and production 
status were associated with increased cow level on-farm mortality 
risk possibly because of common risk factors. In this study, the 
association between herd milk yield and cow-level mortality hazard 
was not identified.  
 
6.8 Herd-level factors associated with dairy calf mortality (IV) 

 
Similar to what was identified at the individual animal level, the calf 
within-herd mortality risk was also higher in larger herds. This 
finding agrees with the literature (McConnel et al., 2008; Shahid et 
al., 2015).  
 
Herds with a higher proportion of abortions also had increased 
mortality rates. These herds might suffer from endemic circulation 
of abortion-causing infectious diseases (Givens and Marley, 2008), 
which also influence the morbidity and mortality of calves.  
 
A combined housing system of preweaned calves >2 weeks of age 
(some time in a single pen and some period in a group pen) was 
associated with higher calf mortality rates compared with housing 
calves only in single pens. However, there was no significant 
difference between housing calves in a single pen only and in a 
group pen only during the pre-weaning period. We identified that 
place of calving affected calf within-herd mortality rate. A 
combined system was associated with lower mortality. This finding 
could be explained by improved options in calving management and 
the provision of a peaceful environment and better supervision.  
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Prophylactic administration of vitamins was associated with higher 
calf mortality. This practice is probably more often used on farms 
that have a more severe problem with calf diseases. Nevertheless, a 
single injection of vitamins probably does not provide long-term 
beneficial health effects (Swecker et al., 2008; Moosavian et al., 
2010). A higher mortality rate was identified in farms where 
farmers/managers attended more trainings. Farms with animal 
health problems might search for advice and knowledge more 
actively and probably need additional individual consulting to 
improve calf health and lower the mortality rates.  
 

6.9 Herd-level factors associated with cow on-farm mortality 
(IV) 

 
Zero grazing was associated with higher cow mortality, and this 
finding was consistent with the literature (Thomsen et al., 2006; 
Alvåsen et al., 2012). Cows in pastures can express natural behaviour 
and obtain more exercise, which has been reported to be beneficial 
to cows’ health and welfare (Gustafson, 1993). More frequent hoof 
trimming was associated with decreased mortality. The protective 
effect of hoof trimming to lameness was also confirmed by 
Hernandez et al. (2007). Due to lameness being one of the most 
frequently stated reasons of mortality but also because lameness 
affects feed intake and possibly leads to metabolic diseases (Palmer 
et al., 2012), investments in hoof-health programmes is worthwhile.  
 
Farms where workers managed cows had higher mortality rates, 
which agrees with a finding of Weigel et al. (2003). The variable was 
confounded by herd size; thus, other than using employees, there 
might be other factors explaining this association. Studies have 
shown a positive correlation between a cow-to-employee ratio and 
herd on-farm mortality rates (Weigel et al., 2003; McConnel et al., 
2015); thus, both the frequency and the quality of the human-animal 
contact possibly reflect cattle health.  
 
Cow on-farm mortality rates were lower in free stall systems 
compared with tie stalls. Researchers have revealed conflicting 
results in this association (Thomsen and Houe, 2006; Alvåsen et al., 
2012; McConnel et al., 2015). These two systems differ in many 
aspects, but most probably there is a positive effect of movement, 
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thermal conditions, feeding system, and housing facilities in free 
stall systems that better resemble the natural living conditions and 
are therefore supportive of cow health and welfare.  
 
The herd-level mortality rate of cows was higher in herds with a 
higher stillbirth rate, but the effect was observed only in smaller 
herds. This finding agrees with Shahid et al. (2015) and Thomsen et 
al. (2007), who argue that the association represents the quality of 
dairy cow management. Nevertheless, the individual negative effect 
of stillbirth to cow longevity was confirmed in our study (III), and 
by other authors (Alvåsen et al., 2014b, 2014a; Shahid et al., 2015).  
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7. CONCLUSIONS AND RECOMMENDATIONS 
 
The main conclusions and recommendations based on the work 
presented in this thesis are as follows: 
 
 On-farm mortality rates of dairy and beef cattle have a similar 

age pattern and magnitude compared with other studies that 
have used national registry data. The work identified high 
between-herd variability in herd on-farm mortality rates of ear-
tagged calves and cows (I-IV). Animal registry mortality data 
could be used to discover problem herds and thus allocate more 
resources to these herds, helping to improve herd health. We 
also suggest that the herd on-farm mortality rates stratified by 
age be calculated on a monthly basis and communicated back to 
farmers, together with national average and quartiles, to reveal 
the true situation and allow monitoring. 
 

 Due to the highest mortality hazard, young calves and cows in 
the early post-partum period should be under frequent 
observation to discover diseases on-time (I-III). The most 
common reasons farmers' reported for mortality are related to 
the more frequently occurring disorders in the respective age 
group or type of cattle (I, II). Mortality data thus reflects the 
disease frequency in herds and in the population. More 
implementation of prevention measures of these disorders is also 
recommended. Nevertheless, because of the possible 
uncertainty of the farmers regarding the true cause of death and 
relatively broad categories of the mortality reasons, further 
studies should collect a more precise dataset that includes 
signalment, disease history, necropsy, and laboratory analyses 
of the dead cattle to reveal more precise causes of death, allowing 
for the provision of effective mitigation strategies. 
 

 Seasonal fluctuations occur in cattle mortality (I, II), 
emphasising the need for improved herd management and 
ensuring appropriate keeping conditions and care specific to the 
needs of animals during critical periods of the year to prevent 
diseases and mortality.  
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 Dairy cow mortality was strongly associated with calving and 
health status around calving (III). Based on these results, it is 
critical to ensure good health of cows at dry-off and during early 
lactation and to ensure easy calving to reduce on-farm cow 
mortality. 
  

 Several management practices more commonly applied in larger 
dairy herds (e.g. wage labour, zero grazing, calving in group 
pens) were associated with increased mortality (IV). Probably 
more dedicated and individual care of animals and a 
management system that accounts for natural but also 
individual animal needs would improve the health of dairy 
cattle. As larger herds deviate from smaller farms in many 
aspects, further research should aim to reveal the causal 
associations from an extended list of predictor groups including 
less-studied factors, for example, motivation and attitude of 
farm personnel and infection status of herds.  
 

 Our findings suggest that dairy farms with high calf mortality 
more often tend to use measures expected to lower the incidence 
of calfhood diseases (e.g. prophylactic administration of 
vitamins) or the farmers search more often for information on 
herd health (IV). These herds probably need more vigorous and 
individual veterinary consulting to lower the mortality.  
 

 Several management practices were associated with lower herd 
mortality rates. Calving occurring in multiple places or systems 
(individual pens, group pens, tied, or in pasture) and housing 
calves over two weeks of age in combined systems (single and 
group pens) were associated with decreased mortality rates of 
young calves. Housing cows in free stalls, grazing, and more 
frequent hoof trimming were associated with lower on-farm 
mortality rates in cows (IV). Thus, responding to the individual 
needs of animals and ensuring timely and appropriate veterinary 
care are recommended.  
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9. SUMMARY IN ESTONIAN 
 

Suremus farmis ja sellega seotud riskitegurid Eesti piima- ja 
lihaveisekarjades 

 
Sissejuhatus 
 
Veiste suremusena käsitletakse veiste hukkumist farmis või nende 
heaolu kaalutlusel hukkamist (eutanaasiat) kohapeal (Compton jt, 
2017). Veiste suremus on mitmes riigis järjest suurenev probleem 
(Maia jt, 2014; Compton jt, 2017; Santman-Berends jt, 2019), mis 
põhjustab farmidele majanduslikku kahju. Suure suremusega 
veisekarjades esineb sagedamini haigusi ja sellega seonduvalt 
kasvavad loomade ravikulud (Azizzadeh jt, 2012), samuti seostub 
suur suremus farmi väiksema tootlikkusega (Thomsen ja Houe, 
2014). Mida rohkem lehmi karjast välja läheb, seda rohkem on sinna 
asenduseks vaja lehmmullikaid, kuid sellega kaasnevad lisakulud 
loomade ostmiseks ja/või üleskasvatamiseks. Sel juhul pole ka 
võimalik karjast soovitud määral loomi selektiivselt välja praakida, 
mistõttu võib karja üldine kvaliteet halveneda. Karja suremusnäitaja 
on loomade heaolu indikaator (Ortiz-Pelaez jt, 2008; Raboisson jt, 
2011). 
 
2018. aasta 31. detsembri seisuga oli Eestis 85 231 piimalehma ning 
1348 piimaveisepidajat. Eesti keskmine lüpsikarja suurus oli 
nimetatud aastal 63 lehma, kuid 86% piimalehmadest peeti enam kui 
100 lehmaga karjades (EARIB, 2018). Need keskmisest suuremad 
farmid on enamjaolt tänapäevased vabapidamisega laudad. Eesti 
lehmade keskmine laktatsiooni piimatoodang oli 9353 kg. Kui Eesti 
piimalehmad on järjest suureneva piimatoodangu poolest Euroopa 
Liidus teisel kohal (Eurostat, 2019), siis samal ajal väheneb nende 
karjaspüsivus. 2018. aastal oli lehmade keskmine vanus karjast 
väljaminekul 1851 päeva, mis on 146 päeva vähem kui seitse aastat 
varem (ELPR, 2012, 2019). 2018. aasta viimase päeva seisuga peeti 
Eesti 1535 karjas 30 354 lihatõugu ammlehma. Lihaveise popu-
latsioon on viimase kümne aasta jooksul kasvanud kolmekordseks 
(8390 ammlehmalt 30 354 ammlehmani) (EARIB, 2018). Enamikus 
Eesti lihaveisekarjades peetakse loomi ekstensiivsetes tingimustes, 
kus oma loomadel sündinud vasikaid kasvatatakse tapaküpsuse 
saavutamiseni. 
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Eesti veisepopulatsiooni suremusandmeid ei ole rahvusvahelises 
teaduskirjanduses laialdaselt avaldatud. Võttes arvesse, et piima-
karjade struktuur, pidamisviis ja tehnoloogia on piimafarmides 
viimastel kümnenditel palju muutunud (Thornton, 2010; Barkema 
jt, 2015), on suur vajadus uuringute järele, mis keskenduksid veiste 
tervisele ja heaolule just moodsates intensiivsete pidamistingi-
mustega tootmisfarmides. Eeldatavalt pakuvad Eesti piimaveise 
populatsiooni uuringud huvi ka paljudele teistele riikidele, kus on 
suundumus intensiivsele tootmisele ja suureneb piimatoodang. Eesti 
lihaveiste suremust puudutavad andmed ja sellega seotud riski-
tegurid on samuti olnud senini suuresti analüüsimata. Varasem 
rahvusvaheline teadustöö on paljuski keskendunud intensiivse 
tootmisega nuumafarmides peetavate lihaveiste suremuse põhjustele 
ja riskiteguritele, samuti ei ole palju neid uuringuid, mis tuvastaksid 
erinevate vanuserühmade suremusnäitajaid ning suremuse ohutegu-
reid parasvöötmes ekstensiivsetes tingimustes peetavatel lihaveistel.  
 
Looma surm on kõige radikaalsem ja ebasoovitavam karjast välja-
mineku viis, mistõttu seda mõjutavate riskitegurite ja põhjuste 
teadmine aitaks välja töötada meetmeid loomade tervise ning heaolu 
parendamiseks. Suremuse vähendamine tõhustaks veisekasvatuse 
jätkusuutlikkust, vähendaks veisekasvatusest tingitud keskkonna-
mõju ning aitaks täita ka tarbijate ootusi. 
 
 
Kirjanduse ülevaade 
 
Suremusrisk varieerub looma elu jooksul, olles kõige suurem 
vasikaeas, väheneb seejärel ja suureneb taas poegimise lähenemisel 
(Perrin jt, 2012; Pannwitz, 2015). Erinevates riikides läbi viidud 
uuringute kohaselt on piimalehmade kogu eluperioodi suremusrisk 
vahemikus 3,5–6,1% (Thomsen jt, 2004; McConnel jt, 2008; Miller 
jt, 2008; Raboisson jt, 2011; Alvåsen jt, 2014b; Shahid jt, 2015), kuid 
on teada, et mõnes karjas võib see olla märksa suurem (McConnel 
ja Garry, 2019). Piimakarjades peetavate noorloomade suremusrisk 
on vahemikus 2,4–21,5% (Losinger ja Heinrichs, 1997; Gulliksen jt, 
2009; Bleul, 2011; Azizzadeh jt, 2012; Santman-Berends jt, 2014; 
Mahendran jt, 2017; Zhang jt, 2019). Tulenevalt uuringute erinevast 
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metoodikast ja uuritud vanuserühmadest on neid uuringuid 
keeruline omavahel võrrelda. 
 
Seni avaldatud teadusuuringud lihaveiste suremuse kohta hõlmavad 
erinevaid tootmissuundi ja vanuserühmi. Suur osa uuringuid 
keskenduvad intensiivsete pidamistingimustega tootmisfarmidele 
(Sargeant jt, 1994; Loneragan jt, 2001; Bähler jt, 2012; Pardon jt, 
2012; Rumor jt, 2015) ning vähem on uuringuid tehtud eksten-
siivsete pidamistingimustega karjades (Elghafghuf jt, 2014; Murray 
jt, 2016). Varasemad uuringud on tuvastanud, et erinevas vanuses 
lihaveise vasikatel on suremusrisk vahemikus 1,1–9,6% (Ganaba jt, 
1995; Nix jt, 1998; Dutil jt, 1999; Bleul, 2011; Elghafghuf jt, 2014; 
Murray jt, 2016; Santos jt, 2019). Lihatõugu ammlehmade kogu 
eluperioodi suremusrisk on uuringute kohaselt vahemikus 0,5–8% 
(Rumor jt, 2015; AHDB Beef and Lamb, 2016; Ontario Cow-Calf 
Production Survey, 2018). Varasemad uuringud on leidnud, et 
suremusnäitajad varieeruvad suuresti karjade lõikes nii piima- kui 
ka lihaveisepopulatsioonides. Teatud karjades on suremus väike 
isegi suure suremusriskiga vanuserühmades (Mee jt, 2008; Alvåsen 
jt, 2012; Raboisson jt, 2013; Elghafghuf jt, 2014; Sarjokari jt, 2018). 
 
Veiste suremuse põhjuste teadmine annab kasulikku teavet ennetus-
meetmete väljatöötamiseks ning loomade heaolu parandamiseks. 
Enamik järgnevalt toodud uuringutest kasutab surma põhjuste 
analüüsis loomapidajate registreeritud andmeid. Need aga ei pruugi 
peegeldada tegelikkust, sest on leitud, et farmerite märgitud surma 
põhjused on õiged umbes pooltel juhtudel (McConnel jt, 2009; 
Thomsen jt, 2012). Varasemate uuringute kohaselt seostatakse 
lüpsilehmade surma kõige sagedamini seedetrakti- ja ainevahetus-
haiguste ning jäsemehaigustega (Alvåsen jt, 2014a; Fusi jt, 2017). 
Soomes tehtud uuringus leiti, et esimese laktatsiooni lehmade 
surmajuhud olid tingitud poegimisega seotud probleemidest ja 
jäseme-/sõrahaigustest. Vanemate lehmade surmajuhud tekkisid 
peamiselt poegimishalvatuse, mastiidi ning jäseme-/sõrahaiguste 
tõttu (Sarjokari jt, 2018). Piima- ja lihaveise vasikate surmlõpped 
tekivad sagedamini enteriidi, hingamisteede haiguse, traumade ja 
poegimisega seotud probleemide tõttu (Busato jt, 1997; Waldner, 
2001; Gulliksen jt, 2009; Bähler jt, 2012; Raboisson jt, 2013; Zhang 
jt, 2019). Lihatõugu ammlehmade surma põhjusi on vähem uuritud. 
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Enamlevinud põhjustena on välja toodud traumaatiline retikulo-
peritoniit, pahaloomulised neoplaasiad, poegimisega seotud vigas-
tused, vatsa tümpaania, müopaatia ja kopsupõletik (Waldner jt, 
2009). Väga sageli jääb surma põhjus teadmata (Faye ja Perochon, 
1995; Menzies jt, 1995; Thomsen ja Houe, 2006; Alvåsen jt, 2014a), 
seda eriti juhtudel, kui loom leitakse surnuna (Fusi jt, 2017). 
Mõned varem tuvastatud suremuse riskitegurid piimalehmadel on 
suur piimatoodang, kõrgem esmapoegimisvanus, poegimiste 
periood, varane laktatsioonistaadium ja raske poegimine 
(McConnel jt, 2008; Alvåsen jt, 2012). Karjataseme suremuse 
riskitegurid lehmadel on suurem kari, karja asukoht, holsteini tõug 
kui peamine tõug karjas, sõltuvalt uuringust karja suur või väike 
piimatoodang, lehmade karjatamise mittepraktiseerimine ning karja 
sisse toodud loomade suurem arv (Thomsen jt, 2006; Raboisson jt, 
2011; Alvåsen jt, 2012). Ühtlasi on tuvastatud, et piimalehmade 
suremusriski mõjutavad pidamistingimused nagu vabapidamine, 
sügavallapanu kasutamine, käiguteede materjal ja laius (McConnel 
jt, 2015; Sarjokari jt, 2018). Mitmed uuringud on leidnud ka seoseid 
kuumalainete ja lehmade suurenenud suremuse vahel (Stull jt, 2008; 
Pinedo jt, 2010; Vitali jt, 2015). Lihalehmade suremuse 
riskiteguritena on tuvastatud kõrgem esmapoegimisvanus, raske/ 
abistatud poegimine, abort, surnultsünd ja varane laktatsiooni-
staadium (Waldner jt, 2009; Pannwitz, 2015; Mõtus ja Emanuelson, 
2017). Ka on leitud, et poegimiste periood ning suurem kari 
seostuvad suurema suremusriskiga (Murray jt, 2016). 
 
Varasemates uuringutes on piimatõugu vasikate suremuse riski-
teguritena tuvastatud holsteini tõug, raske poegimine, sünd mitmi-
kuna, isassugu, hingamisteede haiguse, kõhulahtisuse või artriidi 
põdemine (Svensson jt, 2006; Gulliksen jt, 2009; Raboisson jt, 2013). 
Suremuse karjataseme riskitegurid piimaveise vasikatel on näiteks 
suurem kari, poegimissulu omadused ja pidamine suurtes rühma-
sulgudes (Svensson jt, 2006; Gulliksen jt, 2009; Raboisson jt, 2014). 
Lihaveise vasikate suremuse riskiteguritena on tuvastatud isassugu, 
emaslooma noor poegimisvanus, väike sünnimass ja raske poegi-
mine (Azzam jt, 1993; Tarrés jt, 2005; Mõtus jt, 2018), aga ka 
suurem kari, poegimiste periood ja karja sisse toodud loomade 
suurem arv (Waldner jt, 2009; Elghafghuf jt, 2014; Pannwitz, 2015; 
Mõtus jt, 2019). 
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Uurimistöö eesmärgid 
 
Käesoleva väitekirja peaeesmärk oli tuvastada Eesti piima- ja 
lihaveiste suremuskordajad, analüüsida surma põhjuseid ja riski-
tegureid erinevas vanuses veistel. 
 
Väitekirja täpsemad eesmärgid 
 

1. Analüüsida Eestis peetavate veiste suremuskordajaid (I–IV). 
 

2. Selgitada peamised surma põhjused, sesoonsed mustrid ning 
riskitegurid Eesti piima- (I) ja lihaveistel (II). 

 
3. Analüüsida esma- ja korduvpoeginud piimalehmade sure-

must mõjutavaid riskitegureid, kasutades jõudluskontrolli 
registriandmeid (III). 

 
4. Analüüsida karjataseme tegurite seost karja vasikate ja 

lehmade suremusnäitajatega (IV). 
 
Materjal ja metoodika 
 
Uuringutes I–IV kasutati Põllumajanduse Registrite ja Informat-
siooni Ameti (PRIA) ja Eesti Põllumajandusloomade Jõudlus-
kontrolli AS-i (EPJ) andmeid. 
Uuringutesse I ja II kaasatud piima- ja lihaveisekarjades peeti 2013.–
2014. aastal vastavalt ≥ 75% piima- (I) või lihatõugu loomi (II). 
Andmestik, mida kasutati suremuskordajate ja riskitegurite 
analüüsimiseks, kätkes kogu Eesti veisepopulatsiooni andmeid. 
Piimaveiste suremusanalüüsis oli andmeid kokku 363 380 looma 
kohta 2616 karjast (I) ning lihaveiste andmestik sisaldas vaatlusi 78 
605 looma kohta 1321 karjast (II). Suremuskordaja arvutamiseks 
kasutati uuringutes elumusanalüüsi (I ja II). Suremuskordaja 
arvutati emaste piimaveiste puhul eraldi seitsme vanuserühma 
kohta: vasikad < 3 kuud, 3–5 kuud, noorloomad 6–11 kuud, 12–17 
kuud, 18–23 kuud, täiskasvanud veised 24–35 kuud ja ≥ 36 kuud 
(I); ning lihaveiste puhul üheksa vanuserühma kohta: < 3 kuud, 3–
6 kuud, 6–12 kuud, 12–18 kuud, 18–24 kuud, 24–36 kuud, 36–48 
kuud, 48–60 kuud ning > 60 kuu (II). Isasloomade puhul vähendati 
vanuserühmade arvu piimaveistel neljale (< 3 kuud, 3–5 kuud, 6–
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11 kuud ja ≥12 kuud) ja lihaveistel kuuele (< 3 kuud, 3–6 kuud, 6–
12 kuud, 12–18 kuud, 18–24 kuud, >24 kuud) (I ja II). Riskitegurite 
analüüs tehti eraldi kolmes vanusekategoorias (piimaveistel 
kategooriad < 3 kuu vanused vasikad, vasikad ja noorloomad 
vanuses 3–23 kuud ja vanuses ≥ 24 kuud ning lihaveistel 
kategooriates < 3 kuu vanused vasikad, vasikad ja noorloomad 
vanuses 3–18 kuud ja veised vanuses ≥ 18 kuud), kasutades Weibulli 
elumusmudelit, milles kari oli juhuslik muutuja. Loomapõhine 
vaatlusperiood igas vanuserühmas algas 1. jaanuarist 2013 ja kestis 
looma surmani (analüüsis käsitleti huvipakkuva sündmusena ja see 
sisaldas nii abistamata surma kui ka eutanaasiat) või uuringust 
väljalangemiseni (looma tapmine tapamajas, looma eksport, 
uuringuperioodi lõpp või vanuserühma ülempiiri saabumine) (I ja 
II). Peamised sõltuvad muutujad, mida riskitegurite analüüsis 
käsitleti, olid vanuserühm, looma tõug, sugu, karja suurus ja karja 
asukoht (piirkond). Karja suurus kategoriseeriti kvartiilide järgi 
nelja kategooriasse: piimakarjad 1–399, 400–899, 900–1499 ja ≥ 
1500 loomaastat (I) ning lihaveisekarjad < 40, 40–99, 100–199 ja ≥ 
200 loomaastat (II). Maakonnad jaotati nelja piirkonda: Kirde-Eesti 
(Ida-Viru-, Lääne-Viru-, Jõgeva- ja Järvamaa), Kagu-Eesti (Tartu-, 
Valga-, Võru- ja Põlvamaa), Edela-Eesti (Pärnu-, Viljandi- ja 
Saaremaa) ning Loode-Eesti (Harju-, Rapla-, Lääne- ja Hiiumaa). 
 
Suremuse põhjuste analüüsimiseks viidi kokku PRIA (teave 
loomade suremuse kohta) ja jõudluskontrolli andmestikud (looma-
pidajate märkmed loomade karjast väljamineku põhjuste kohta), 
mistõttu analüüsist jäid välja need karjad, kus jõudluskontrolli ei 
tehtud (I, II). Piimaveiste suremuse analüüsis jaotati põhjused 
üheksasse rühma: jäseme-/sõrahaigused, respiratoor- ja infektsioon-
haigused, ainevahetus- ja seedesüsteemi haigused, sigimisproblee-
mid, abistatud poegimine, trauma ja õnnetusjuhtumid, udarahai-
gused, muud põhjused ja teadmata põhjused (I). Lihaveiste suremuse 
põhjuste analüüsis moodustati eelnevaga sarnased rühmad, kuid 
muud ja teadmata põhjused ühendati (II). 
 
Suremuse sesoonse riski uurimiseks jaotati piimaveised nelja 
vanuserühma: < 3 kuu vanused vasikad, 3–11 ja 12–23 kuu vanused 
noorloomad ning ≥ 24 kuu vanused loomad (I); lihaveised kolme 
vanuserühma: < 3 kuu vanused vasikad, 3–8 kuu vanused 
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noorveised ning ≥ 18 kuu vanused loomad (II). Andmete ana-
lüüsimiseks kasutati eeltooduga sarnaselt elumusanalüüsi, kus 
loomapõhine vaatlusperiood jagati kalendrikuudesse. Suremus-
kordajad arvutati kuupõhiselt perioodil 1. jaanuar 2013 kuni 31. 
detsember 2014. Statistiliste erinevuste leidmiseks tehti regressioon-
analüüs Weibulli segamudeliga, milles kuu oli hierarhiline muutuja 
(I ja II). 
 
III uuringusse kaasati jõudluskontrollis osalevad piimakarjad, kus 
2013.–2015. aastal peeti ≥ 20 aastalehma. Laktatsioonipõhised 
andmed saadi päringu korras EPJ-st ning loomapõhised suremus-
andmed PRIA-st. Esmapoeginud (analüüsiti kokku 86 459 lehma 
andmed 409 karjast) ja korduvpoeginud lehmade andmeid (kokku 
109 314 lehma 177 712 laktatsiooni andmed 410 karjast) analüüsiti 
eraldi, kasutades Weibulli elumusmudeleid. Laktatsioonipõhise 
analüüsi puhul algas vaatlusperiood poegimisest või 1. jaanuarist 
2013. aastal (juhul kui laktatsioon oli alanud enne seda kuupäeva) ja 
kestis kuni uuritava sündmuse ehk surmani (nii abistamata surm kui 
ka eutanaasia) või uuringust väljalangemiseni (uus poegimine, 
looma müümine, tapamajja saatmine, kadumine või uuringu-
perioodi lõppemine). Analüüsis kasutati järgnevaid sõltumatuid 
muutujaid: vasikas (emane/isane/mitmik/surnultsünd/abort), tõug 
(Eesti holstein / Eesti punane või maakarja tõug), karja asukoht 
(Kirde-, Kagu-, Edela- või Loode-Eesti), aastaaeg poegimisel, karja 
suuruse muutus, karja toodangu parameetrid (karja keskmine 
piimatoodang, piima rasva- ja valgusisaldus, piima somaatiliste 
rakkude arv, piima uureasisaldus, surnultsündide ja abortide 
osakaal, esmapoegimisvanus, poegimisvahemik, seemenduste arv 
tiinestumise kohta, mullikate vanus esimesel seemendusel jt). Pärast 
kausaaldiagrammi koostamist tehti sõltumatute muutujate vaheline 
korrelatsioonianalüüs. Selleks kasutati dispersiooni inflatsiooni-
tegurit (selle väärtus üle 10 osutas märkimisväärsele muutuja-
tevahelisele korrelatsioonile). Järgnes muutujate ühekaupa analüüs, 
milleks kasutati Weibulli regressioonimudelit. Selle läbinud 
muutujad lisati mitme muutujaga mudelisse, kus muutujad, mis ei 
osutunud tegurimõju segavateks teguriteks ega seostunud oluliselt 
(p-väärtus > 0,05) lehma suremusriskiga, eemaldati mudelist 
ühekaupa. Eraldi regressioonimudeliga analüüsiti lehma esimese 
kontroll-lüpsi tulemuste seost suremusriskiga esma- ja korduv-
poeginud lehmadel. Sellest analüüsist jäeti välja nende lehmade 
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andmed, kes läksid karjast välja enne esimest kontroll-lüpsi või kelle 
kohta need andmed puudusid. Analüüsis tähistas vaatlusperioodi 
algust esimese poegimisjärgse kontroll-lüpsi kuupäev (III). 
 
IV uuringus viidi läbi küsitlus nendes farmides, kus aastatel 2015–
2017 oli karja suurus ≥ 20 aastalehma ja kes osalesid jõudlus-
kontrollis (kokku kvalifitseerus 338 karja). Küsimused puudutasid 
loomade pidamist ja loomi puudutavaid tegevusi. Karja suuruse ja 
tootmisnäitajate andmed kõigi kolme uuringuaasta kohta saadi EPJ-
ist. Kokku saadi vastused  küsimustikule 214 farmist. Loomapõhist 
2017. ja 2018. aasta PRIA andmestikku kasutades arvutati igale 
karjale vasikate (21–90 elupäeva) ja lehmade (≥ 24 kuu vanused 
veised) elumuskordajad. Vasikate ja lehmade riskitegurite tuvasta-
miseks koostati eraldi statistilised mudelid. Vasikate suremuse 
riskitegurite analüüsis kasutati negatiivset binoomset regressioon-
analüüsi ja lehmade suremuse riskitegurite analüüsimiseks kasutati 
lineaarset regressioonimudelit. Pärast kausaaldiagrammi koostamist 
tehti muutujatevaheline korrelatsioonianalüüs ning ühe muutujaga 
regressioonanalüüs, milles kontrolliti karja suurust kui segavat 
tegurit. Muutujad, mis seostusid karja suremuskordajaga (liberaalne 
p-väärtus < 0,2), lisati mitme muutujaga regressioonimudelisse, 
millest hakati ühekaupa ebaolulisi muutujaid (p > 0,05) eemalda-
ma. Pidevate muutujate puhul kontrolliti nende seose lineaarsust, 
lisades mudelisse tsentreeritud ruuttermini, samuti kontrolliti 
muutujatevahelisi interaktsioone, lisades mudelisse vastava termini 
(IV). 
 
Kõigi mudelite puhul kontrolliti, kas need vastavad kasutatud 
statistiliste meetodite eeldustele. Statistilise analüüsi läbiviimiseks 
kasutati Stata MP14 programmi (StataCorp, College Station, Texas, 
USA). 
 
Uurimistulemused ja arutelu 
 
Eestis peetavate veiste suremuskordajad (I–III) 
 
Piimaveisekarjades oli 2013. ja 2014. aastal üldine suremuskordaja 
6,95 surmajuhtu 100 loomaasta kohta (95% usaldusvahemik (UV) 
6,87; 7,04). Suurim suremusrisk oli kuni kolme kuu vanustel 
vasikatel (suremuskordaja lehmvasikatel 27,70 surmajuhtu 100 
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loomaasta kohta (95% UV 26,99; 28,43) ja pullvasikatel 55,96 
surmajuhtu 100 loomaasta kohta (95% UV 54,53; 57,42)). Väikseim 
suremusrisk oli 12–17 kuu vanustel mullikatel (suremuskordaja 0,99 
surmajuhtu 100 loomaasta kohta (95% UV 0,89; 1,10), üle 18 kuu 
vanustel loomadel hakkas suremuskordaja taas suurenema. Need 
andmed sarnanevad varasemate uuringute tulemustega teistes 
maades (Perrin jt, 2012; Pannwitz, 2015). 
 
Eesti lihaveisekarjades peetavate veiste 2013.–2014. aasta üldine 
suremuskordaja oli 2,14 surmajuhtu 100 loomaasta kohta (95% UV 
2,05; 2,23). Sarnaselt piimaveistega oli ka lihaveistel suurim 
suremusrisk kuni kolme kuu vanuste vasikate hulgas (suremus-
kordaja pullvasikatel 7,78 surmajuhtu 100 loomaasta kohta (95% 
UV 6,97; 8,68) ja lehmvasikatel 6,21 surmajuhtu 100 loomaasta 
kohta (95% UV 5,49; 7,02). Suremuskordajad on võrreldavad 
Saksamaa ja Prantsusmaa registriandmetel põhinevates uuringutes 
leituga (Perrin jt, 2012; Pannwitz, 2015). Kuna Eestis tuleb 
loomapidajal paigaldada sündinud vasikale kõrvamärk esimese 20 
elupäeva jooksul ning seejärel teavitada PRIA-t sellest (sisestada 
andmed andmebaasi) seitsme päeva jooksul (Põllumajandusministri 
määrus, 2010), ei kajasta registriandmed teatud osa elusalt sündinud, 
kuid veel kõrvamärgita vasikate surmajuhte. Seetõttu tuleb ka 
uuringutes I ja II esitatud vasikate suremuskordajaid tõlgendada 
teatava ettevaatusega. 
 
Esmapoeginud lehmade suremuskordaja oli 5,09 surmajuhtu 100 
loomaasta kohta (95% UV 4,93; 5,26) ja korduvpoeginud lehmadel 
8,28 surmajuhtu 100 loomaasta kohta (95% UV 8,13; 8,44). 
Suremusrisk oli suurim esimese 30 laktatsioonipäeva jooksul – 
esma- ja korduvpoeginud lehmadel esines vastavalt 39% ning 47,4% 
surmadest esimese 30 laktatsioonipäeva jooksul. Tulemust võib 
selgitada sellega, et poegimisega kaasnevate võimalike probleemide 
tõttu on suurenenud ka suremusrisk (Alvåsen jt, 2014b; Shahid jt, 
2015) ning varasele laktatsiooniperioodile omane negatiivse 
energiabilansi seisund suurendab tõenäosust mitme haiguse tekkeks 
(Ostergaard ja Sorensen, 1998). Korduspoegivatel lehmadel oli 
suurem risk surra võrreldes esmapoeginud lehmadega, kusjuures 
suremusrisk suurenes märkimisväärselt alates kolmandast laktat-
sioonist. Varem on leitud, et erinevate haiguste tekkerisk on suurem 
vanematel lehmadel (Gröhn jt, 1998). Samuti kasvab kumulatiivselt 
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iga poegimise ja järgneva laktatsiooniga tõenäosus haigestuda, 
millega omakorda kaasneb suurenenud suremusrisk. 
 
Piima- ja lihaveiste suremuse põhjused (I, II) 
 
Piimalehmade peamised surma põhjused olid EPJ andmete alusel 
ainevahetus- ja seedekulglahaigused (40,1%) ning jäseme-sõra-
probleemid (23,6%). Need tulemused on sarnased Rootsis läbiviidud 
uuringu tulemustega (Alvåsen jt, 2014b), kinnitades vajadust veelgi 
enam pöörata tähelepanu nende haiguste profülaktikale. 
 
Lihaveisekarjades peetavate ammlehmade peamised surma põhjused 
olid muud ja teadmata põhjused (29,1%), traumad, õnnetusjuh-
tumid (28,1%) ning ainevahetus- ja seedekulglahaigused (20,3%). 
Paraku on lihaveiste täpsemad surma põhjused suures osas uuri-
mata. Waldner jt (2009) kasutasid lihatõugu lehmade surma 
põhjuste täpsemaks selgitamiseks lahangut ja histopatoloogilisi 
uuringuid ning leidsid, et traumaline retikuloperitoniit, pahaloo-
mulised kasvajad, poegimisega seotud vigastused, vatsatümpaania, 
müopaatiad ning kopsupõletik olid 56% surmajuhtude põhjuseks. 
Täpsemate profülaktiliste soovituste andmiseks on siiski vaja 
ajakohaseid uuringuid, mis analüüsiksid ammlehmade surma põh-
jusi Eesti omadega sarnastes ekstensiivsetes pidamistingimustes, 
kasutades täpsemaid andmeid (haiguse kirjelduse, lahanguleiu ja 
laboratoorseid andmeid). 
 
Nii piima- kui ka lihaveise vasikate peamised surma põhjused olid 
ainevahetus- ja seedekulglahaigused ning respiratoor- ja nakkus-
haigused. Ka varasemad uuringud kinnitavad, et noored vasikad 
surevad kõige enam kõhulahtisuse ja hingamisteede haiguse tõttu 
(Waldner jt, 2001; Svensson jt, 2006; Gulliksen jt, 2009; Bähler jt, 
2012; Raboisson jt, 2013; Cho ja Yoon, 2014), sestap on vajalik 
veelgi enam tõhustada nende haiguste ennetusmeetmeid. Vanema 
noorkarja hulgas olid sagedamad surma põhjused traumad ja õnne-
tusjuhtumid (piimaveise lehm- ja pullmullikatel vastavalt 9,7% ja 
5,1% surma põhjustest, lihaveiste puhul vastavalt 30,3% ja 28,8% 
surma põhjustest), mistõttu on loomapidajatel vajalik vaadata üle 
loomade pidamiskeskkonnast tulenevad ohud traumade tekkeks 
noorveistel. 
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Piima- ja lihaveiste suremuse sesoonsed iseärasused (I, II) 
 
Suurema suremusriskiga perioodid olid piimaveisekarjades peeta-
vatel vasikatel talvekuud, mida seostatakse välistemperatuuri ja 
intensiivsema nakkushaiguste levikuga (Raboisson jt, 2013; Hyde jt, 
2020). Kuni 12 kuu vanustel mullikatel olid suurema suremusriskiga 
perioodid hilissuvi ja varasügis. Nimetatud perioodid ühtivad 
karjatamisperioodi lõpuga ja parasitaarhaiguste suurenenud riskiga. 
Lehmadel (veised > 24 kuu) oli suremuskordaja suurem mõlema 
uuringuaasta suveperioodil. Lehmade suuremat suremusriski suve-
kuudel on leitud ka varem ja seda seostati kuumastressiga (Bishop-
Williams jt, 2015). 
 
Lihaveiste suremusrisk oli vanusest sõltumata suurim mõlema 
uuringuaasta veebruarist maini, langedes kokku lihaveiste 
poegimise perioodiga Eestis. Nimetatud seost on leitud ka 
varasemates uuringutes (Raboisson jt, 2013; Elghafghuf jt, 2014) ja 
selle tõenäoline põhjus võib olla suurenenud konkurents 
ressurssidele, loomapidajate suurenenud töökoormus ja vähenenud 
individuaalne tähelepanu. Samuti võib poegimise perioodil 
aktiveeruda endeemsete nakkuste ringlus karjas vastuvõtliku 
populatsiooni lisandumise tõttu, nõrgenenud on ka loomade 
vastupanuvõime haigustele poegimise ja sellega seotud stressi tõttu. 
 
Piimaveiste suremuse riskitegurid (I) 
 
Kuni kolme kuu vanustel vasikatel sõltus suremusrisk vanuse ja tõu 
koosmõjust. Suurim suremuskordaja oli holsteini tõugu pull-
vasikatel. Holsteini tõug oli riskitegur ka vanemates vanuse-
rühmades. Pullvasikate suuremat suremusriski võib seostada nende 
suurema sünnimassiga ja emalooma raske poegimisega, samuti 
võivad nende väiksema turuväärtuse tõttu erineda söötmis- ja 
pidamistingimused ning raviskeemid (Raboisson jt, 2013; Pannwitz, 
2015; Hyde jt, 2020). Holsteini tõugu loomade suuremat 
suremusriski on seostatud suurema piimatoodanguga (Miller jt, 
2008). Sellest johtuvalt võivad holsteini tõugu loomad olla nõudli-
kumad söötmis- ja pidamistingimuste suhtes ning vastuvõtlikumad 
teatud haigustele (Persson Waller jt, 2009). 
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Kõigi kolme uuritud vanuserühma puhul tuvastasime üldiselt 
suurema suremusriski suuremates karjades (> 400 loomaastat). 
Suuremates karjades on individuaalne tähelepanu loomadele 
vähenenud, samuti erinevad suured karjad väiksematest farmidest 
pidamistingimuste jt tegurite poolest (Raboisson jt, 2011). 
 
Lihaveiste suremuse riskitegurid (II) 
 
Sarnaselt piimaveistega tuvastasime, et pullvasikatel on märkimis-
väärselt suurem suremusrisk kui lehmvasikatel. Noorloomade 
hulgas (kuni 18 kuud) oli lehmmullikatega võrreldes samuti suurem 
pullmullikate suremusrisk. Tõenäoliselt selgitavad tuvastatud seost 
nii isasloomade suuremast sünnimassist tulenev suurem risk sündida 
raske poegimisega ja sellest tulenevate tüsistuste ilmnemiseks, mis 
võivad lõppeda surmaga kui ka nende väiksem majanduslik väärtus 
(Bleul, 2011; Bähler jt, 2012; Pannwitz, 2015). 
 
Lihaveisekarjade vasikate ja noorloomade (kuni 18 kuud) hulgas ei 
tuvastatud suremusriski osas tõulisi erisusi. Täiskasvanud lihaveiste 
puhul oli suremusrisk suurim nende tõugude hulgas, kes on Eestis 
vähe esindatud, samuti lihaveisekarjades peetavatel piimatõugu 
loomadel. Eelmainitud seose põhjuseks võib olla farmerite vähene 
kogemus haruldaste lihatõugude pidamisel, samuti võivad tava-
pärasest erineda väheesindatud lihatõugu loomade ja piimaveiste 
vajadused söötmis- ja pidamistingimuste suhtes. 
 
Lihaveiste suremusrisk oli üldiselt suurem suuremates karjades, mis 
ühtib ka teistes riikides leituga (Rogers jt, 1985; Pannwitz, 2015). 
Karja suurus kätkeb endas mitmete tegurite mõju, mistõttu tuleks 
edasistes uuringutes keskenduda sellele, millised põhjuslikud tegurid 
pärsivad lihaveiste elumust suuremates karjades. 
 
Suremuse riskitegurid esma- ja korduvpoeginud lehmadel (III) 
 
Uuringus III tuvastati mitu olulist seost EPJ-is registreeritud 
peamiselt loomapõhiste tegurite ning suremusriski vahel esma- ja 
korduvpoeginud lehmadel. Lehmadel, kellele osutati poegimisabi, 
kellel oli abort, surnultsünd või kes tõid ilmale mitmikud, oli 
suurem risk laktatsiooni jooksul surra. Poegimisega seotud problee-
mid suurendavad mitme haiguse, näiteks päramiste peetuse, metriidi 
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ja libediku paigaltnihkumise tekkeriski, mis omakorda võivad 
suurendada surma tõenäosust (Goff ja Horst, 1997). 
 
Pikem eelnev laktatsioon seostus suurema suremusriskiga korduv-
poeginud lehmadel, ühtides varasemate leidudega (McConnel jt, 
2008; Raboisson jt, 2011). Võimalik, et pikenenud poegimisvahemik 
viitab sügavamale negatiivsele energiabilansile või varase laktat-
siooniperioodi haigusele, mis lükkab tiinestumise edasi, seejuures 
võib sarnane soodumus esineda ka järgmises laktatsioonis. Pika 
laktatsiooni korral võivad lehmad enne järgmist poegimist olla 
üleliia heas toitumuses, mis võib tingida raske poegimise või 
haigestumise poegimisjärgsel perioodil (Rukkwamsuk jt, 1999). 
 
Kõrgem esmapoegimisvanus nii esma- kui ka korduvpoeginud 
lehmadel suurendas suremusriski. Kõrgemas vanuses poegivad 
mullikad võivad olla rasvunud, soodustades sellega rasket poegimist 
(Ettema ja Santos, 2004). Kõrgem esmapoegimisvanus võib olla 
tingitud ka vasikaeas põetud haigusest, lükates seetõttu tiinestumist 
edasi (Heinrichs jt, 2005), noorloomaeas põetud haigustel on aga 
tõenäoliselt negatiivne seos eluea pikkusega. 
 
Lehmadel, kellel varasel laktatsiooniperioodil oli somaatiliste 
rakkude arv piimas üle 200 000 raku/ml (viitab subkliinilisele 
mastiidile (Bradley ja Green, 2005)) või rasva/valgu suhe piimas üle 
1,5 (seostub energiapuuduse ja suurema riskiga põdeda ketoosi, 
libediku paigaltnihkumist jt haigusi (Heuer jt, 1999)), oli suurem 
risk surra. Seetõttu on väga tähtis poegimisjärgsel perioodil 
ennetada haiguste tekkimist ning panna rõhku subkliiniliselt 
haigete lehmade varasele avastamisele, ravile ja seeläbi kliiniliste 
haiguste ennetamisele. Suuremat piimatoodangut esimesel kontroll-
lüpsil seostati väiksema suremusriskiga laktatsiooni jooksul ja see 
ühtis varasemate leidudega (Thomsen jt, 2006; Miller jt, 2008; 
Alvåsen jt, 2014b). Võib arvata, et suurem piimatoodang varasel 
poegimisjärgsel perioodil viitab lehma heale tervisele ja paremale 
kohanemisele alanud laktatsiooniga, seostudes seeläbi väiksema 
suremusriskiga. 
 
Üksikute lehmade suremusriski mõjutasid ka teatud karjatasandi 
tegurid. Suremusrisk oli väikseim farmides, kus kasutati robotlüpsi. 
Antud lüpsisüsteemi puhul registreeritakse jooksvalt mitu näitajat, 



96 

mis annavad ka aimu lehma tervisest, võimaldades seeläbi avastada 
kiiremini haiged lehmad. Lisaks muudele iseärasustele kaasneb 
automaatse lüpsisüsteemiga individuaalne lüpsisagedus ja kont-
sentreeritud söötade pakkumise võimalus, mis võib olla soodne 
lehma tervisele. 
 
Uuringus III seostasime karja kehvemaid sigimise ja toodanguga 
seotud näitajaid (suurem seemenduste arv tiinestumise kohta ja 
väiksem rasva/valgu suhe piimas) lehma suurenenud suremus-
riskiga. Tõenäoliselt peegeldavad need parameetrid karja üldist 
korraldust, seostudes seega ka loomade heaoluga. 
 
Karja loomade arvu vähendamine seostus esmapoeginud lehmadel 
suurema suremusriskiga. Kuna uuringuperioodi jooksul vähenes 
Eestis tuntavalt piima kokkuostuhind (Statistikaamet, 2020) ja 
sellega seoses ka piimaveiste arv (ELPR, 2014; 2016), võib tuvastatud 
seos tuleneda sellest, et ettevõtted, kes asusid tootmist lõpetama, ei 
pühendunud enam karja hea tervise tagamisele. 
 
Vasikate suremust mõjutavad karjataseme riskitegurid (IV) 
 
Karjapõhiste suremuskordajate vahel oli suur varieeruvus. Karjade 
mediaansuremuskordaja vasikatel vanuses 21–90 päeva oli 0,15 
surmajuhtu 100 loomkuu kohta (kvartiil (Q)1 = 0,00; Q3 = 0,36). 
Uuringus osalenud karjadest 66 karjas ei esinenud nimetatud 
vanuses vasikate hulgas surmajuhte ja seitsmes karjas oli suremus-
kordaja suurem kui üks surmajuht 100 loomkuu kohta. Suur 
karjadevaheline suremusriski varieeruvus tuvastati ka varasemates 
uuringutes (Raboisson jt, 2013; Elghafghuf jt, 2014; Sarjokari jt, 
2018), mis viitas sellele, et karja tervis ja loomade heaolu sõltub 
karjaspetsiifilistest teguritest. 
 
Nagu loomatasemel leitud, oli vasikate suremuskordaja suurem 
suuremates karjades. Riskiteguriks osutus samuti abortide suurem 
osakaal karjas. Karjades, kus loomadel esines rohkem aborte, võib 
olla probleeme nakkushaigustega, mis mõjutavad ka vasikate 
haigestumust ja suremust (Givens ja Marley, 2008). Võõrutamata 
vasikate (> 2 nädala vanused) pidamine kombineeritud meetodil 
(osa aega üksiksulus ja osa aega rühmasulus), võrreldes ainult 
üksiksulus pidamisega, seostus vasikate suurema suremusriskiga. 
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Samuti tuvastasime, et neis karjades, kus lehmad poegisid erinevates 
kohtades (rühma- ja üksiksulus, lõas või karjamaal), oli vasikate 
suremusrisk väiksem. Võib arvata, et paindlik pidamisviis ja 
vasikate pidamise korraldus võimaldab enam arvestada üksikute 
loomade vajadustega, tagades neile parima keskkonna ja järelevalve 
(Sarjokari jt, 2018). 
 
Vitamiinide profülaktiline manustamine seostus suurema suremus-
riskiga karjas. Tõenäoliselt kasutatakse seda praktikat pigem 
farmides, kus vasikate tervisega on probleeme, soovides tugevdada 
vasikate immuunsust. Vitamiinide ühekordne või lühiajaline 
manustamine ei pruugi siiski kajastuda vasikate paremates tervise-
näitajates (Swecker jt, 2008; Moosavian jt, 2010). Suurem suremus-
kordaja tuvastati nendes farmides, kus loomapidajad osalesid sageda-
mini koolitustel. Ka see vastupidine seos võib tuleneda soovist saada 
enam nõu ja teadmisi probleemide korral, kuid probleemi lahenda-
miseks oleks siiski vajalik loomapidajate individuaalne nõustamine. 
 
Lehmade suremusega seotud karjataseme riskitegurid (IV) 
 
Ka lehmade karjapõhised suremuskordajad varieerusid suures 
ulatuses (mediaansuremuskordaja 4,57 juhtu 100 loomaasta kohta; 
Q1 = 2,44; Q3 = 6,86). Nagu leiti varasemates uuringutes, oli 
lehmade mittekarjatamine seotud karja kõrgema suremusmääraga 
(Thomsen jt, 2006; Alvåsen jt, 2012). Karjamaal on lehmadel 
võimalik rohkem liikuda ja käituda loomuomaselt, mis on tõe-
näoliselt tervisele kasulik ja parandab heaolu (Gustafson, 1993). 
Sagedam sõravärkimine seostus lehmade väiksema suremusega. 
Profülaktilise sõravärkimise kaitsvat toimet sõrahaiguste vastu on 
kirjeldanud ka Hernandez jt (2007). Jäsemehaigused on ka uuringu 
I tulemuste kohaselt sageli lehmade surma põhjus, kusjuures 
jäsemehaiguste mõju suremusele võib tuleneda ka isu vähenemise ja 
ainevahetushaiguste tekkeriski suurenemise tõttu (Palmer jt, 2012). 
 
Suurem suremuskordaja esines nendes farmides, kus loomadega 
tegelesid palgatöötajad. Varem on leitud, et lehmade ja töötajate 
arvu  suhe korreleerub positiivselt lehmade suremusega (Weigel jt, 
2003). Palgatöö kasutamine on enam levinud suuremates farmides, 
mistõttu võib tuvastatud seos peegeldada osalt ka suuremate farmide 
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muid iseärasusi. Palgatöötajate suhtumist ja sellest tulenevat käitu-
mist võrreldes farmi omanike käitumisega ning selle seost loomade 
tervise ja elumusega oleks vajalik täiendavalt uurida. 
 
Lehmade suremuskordaja oli vabapidamislautades väiksem kui 
lõaspidamisel. Need kaks pidamissüsteemi erinevad üksteisest 
mitme teguri poolest. Tõenäoliselt on vabapidamislautades peetava-
tel lehmadel paremad tingimused loomuomaseks käitumiseks, sood-
samad sisekliima parameetrid ning sobivamad söötmis- ja pidamis-
tingimused. 
 
Lehmade suremuskordaja oli suurem farmides, kus oli rohkem 
surnultsünde, kuid nimetatud negatiivne seos esines vaid väikse-
mates (< 130 lehmaga) karjades. Sarnane leid on esile kerkinud ka 
varasemas uuringus (Thomsen jt, 2007). Thomsen jt (2007) ja Shahid 
jt (2015) arutlevad selle üle, et surnultsündide suurem esinemis-
sagedus võib tuleneda farmi halvemast juhtimisest, kuid ka 
käesolevas uuringus tuvastasime, et surnud loote sünnitamine 
suurendab lehma suremusriski (III). 
 
Järeldused ja soovitused 
 
Väitekirja uuringute alusel tehtud järeldused ja soovitused on 
järgmised. 
 
 Eestis peetavate piima- ja lihaveiste suremuskordajate vanuseline 

dünaamika ning ulatus sarnaneb teiste riikide registriandmetel 
põhinevate uuringute tulemustega. Vasikate ja lehmade 
suremusriski osas esineb ulatuslik karjadevaheline varieeruvus 
(I–IV). Suremusandmeid saab kasutada probleemsete farmide 
tuvastamiseks. Lisaressursside kaasamisega saaks kõrge suremus-
määraga farme aidata ja seeläbi parandada karja tervist ja 
loomade heaolu. Farmidele võiks iga kuu esitada nende karja 
suremuskordajad erinevates vanuserühmades koos vastava 
näitaja riikliku keskmise ja kvartiilidega. See võimaldab karjade 
tervist ja heaolu täpsemalt määratleda ning seirata. 
 

 Kuna noortel vasikatel ja varases laktatsioonistaadiumis lehma-
del on suremusrisk kõige suurem, peavad need loomarühmad 
olema veelgi tõhusama järelevalve all, et avastada tekkinud 
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haigusjuhud nii kiiresti kui võimalik (I–III). Kõige sagedamad 
Eesti piima- ja lihaveise vasikate surma põhjused seostusid 
vastavatel veisetüüpidel ja vanuserühmadel esinevate haigustega 
(I, II). Seega peegeldab suremuskordaja haiguste esinemissage-
dust karjades ja populatsioonis. Tulemustest lähtuvalt tuleb 
veelgi tõhusamalt rakendada haiguste tekkimist ennetavaid 
meetmeid. Suure osa surmade puhul jääb loomapidajatel selle 
põhjus siiski segaseks või teadmata (I, II). Surma põhjuste 
täpsemaks selgitamiseks on vaja teha lisauuringuid, kus 
kasutataks nii andmeid looma ja haiguse anamneesi kohta kui ka 
lahanguleiu ja laboratoorsete analüüside tulemusi. Surma 
põhjuste täpsem teadmine aitab välja töötada tõhusamaid 
haiguste ennetusmeetmeid. 
 

 Eestis peetavate veiste suremusrisk varieerub aastaaegade lõikes 
(I, II). Suremuse osas kriitilistel perioodidel tuleb parendada 
loomadele vajalikke tingimusi ja nende hooldamist haigestumise 
ning surmlõppe ennetamiseks. 
 

 Piimalehmade suremusrisk oli tugevasti seotud poegimisprob-
leemide ja haigusele viitavate tunnustega eelmise laktatsiooni 
lõpus või varasel poegimisjärgsel perioodil (III). Nendest tule-
mustest lähtuvalt tuleb rakendada meetmeid, mis tagaksid 
lehmade hea tervise uueks laktatsiooniks valmistumisel ja 
varasel laktatsiooniperioodil ning ennetaksid poegimisproblee-
me. 
 

 Mitu eelkõige suurtele piimakarjadele iseloomulikku tegurit (nt 
palgatööjõu kasutamine, lehmade mittekarjatamine, poegimine 
rühmasulgudes) seostub suurenenud suremusriskiga (IV). 
Tõenäoliselt aitaks pühendunum loomade eest hoolitsemine ja 
veiste loomulikke, aga ka individuaalseid vajadusi arvestavate 
tingimuste loomine ennetada terviseprobleemide tekkimist. 
Kuna suured karjad erinevad väiksematest, oleks edasistes uurin-
gutes vaja tuvastada suurtes karjades esinevaid suremusriski 
suurendavaid põhjuslikke tegureid. Seejuures peaks uurima seni 
vähemuuritud tegureid, nagu farmitöötajate motivatsioon ja 
suhtumine, nakkushaiguste esinemine karjas jms. 
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 Uuringu IV tulemused viitavad sellele, et vasikate suure sure-
musriskiga piimafarmides rakendatakse enam selliseid meet-
meid, mis peaksid vasikate haiguste esinemissagedust vähenda-
ma (nt vitamiinide profülaktiline manustamine), või on farmi-
juhatajad altimad karja tervist puudutavat teavet otsima. 
Suremusriski vähendamiseks vajavad need karjad tõenäoliselt 
tõhusamat ja individuaalsemat veterinaarset nõustamist. 
 

 Mitmed piimaveisefarmides rakendatavad pidamistingimused 
seostusid loomade väiksema suremusriskiga. Vasikate väiksema 
suremusriskiga seostusid poegimine farmi erinevates kohtades 
või süsteemides (individuaalsed sulud, rühmasulud, lõas või 
karjamaal) ning üle kahe nädala vanuste vasikate pidamine 
kombineeritud süsteemis (üksik- ja rühmasulus). Lehmade sure-
must vähendas nende vabapidamine, karjatamine, samuti sage 
profülaktiline sõravärkimine (IV). Seetõttu on loomade pida-
misel tähtis arvestada nende individuaalseid vajadusi ning tagada 
õigeaegne ja asjakohane veterinaarabi. 
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A B S T R A C T

Mortality of dairy cattle causes financial loss for the farmer and reflects animal welfare status. The aim of this
study was to determine the on-farm mortality (unassisted death and euthanasia), reasons, as well as risk factors
for on-farm mortality in Estonian dairy cattle. Data of years 2013 and 2014 about all cattle from dairy herds in
Estonia was collected from the Estonian Agricultural Registers and Information Board. The dataset included
records of 363,380 animals from 2616 herds. Multivariable Weibull proportional hazard models with herd as
random effect were composed for detecting significant associations between potential risk factors and on-farm
mortality (composed outcome including unassisted death and euthanasia). Data from Estonian Livestock
Performance Recording Ltd was used to determine the reasons for on-farm mortality.

The overall mortality rate (MR) including unassisted death and euthanasia was 6.95 per 100 animal-years.
Mortality was highest in male (MR=55.96 per 100 animal-years, 95% CI 54.53; 57.42) and female (MR=27.70
per 100 animal-years, 95% CI 26.99; 28.43) calves up to three months old and lowest in female cattle aged 12–
18 months (MR=0.99 per 100 animal-years, 95% CI 0.89; 1.10). The main farmers´ stated reasons for dairy cow
mortality were ‘Metabolic and digestive disorders’ and ‘Feet/claw disorders’. The main reasons for on-farm
mortality among youngstock were ‘Metabolic and digestive disorders’, ‘Respiratory and infectious diseases’ and
‘Other reasons’. The risk factor analysis was carried out in three age categories: < 3 months, 3–23 months and
≥24 months. Estonian Holstein breed was associated with significantly higher risk of mortality compared to
Estonian Red breed cattle in every age group. The hazard of on-farm mortality was significantly higher for herds
with over 400 animal-years compared to smaller herds in all age groups. Regional differences in mortality
hazard were present in the model of youngstock over 3 months and adult cattle. Seasonal differences in
mortality rate were present and differed by age groups.

This is the first study revealing the on-farm mortality and related risk factors in Estonian dairy cattle
population.

1. Introduction

Increasing on-farm mortality among dairy cattle has been reported
in several countries (Thomsen et al., 2006; McConnel et al., 2008). On-
farm mortality is associated with economical loss for the farmer
resulting from direct and indirect losses. On farms with high mortality
there is higher incidence of diseases and higher costs for treatment
(Azizzadeh et al., 2012). Also, a higher demand for replacement
animals associated with additional cost for buying and raising offspring
is an inherent consequence for such herds. Restricted voluntary culling
due to high demand of replacement animals can lead to deterioration in
the productivity of the herd. Cattle mortality is also an indicator of
animal welfare (Thomsen and Houe, 2006; Ortiz-Pelaez et al., 2008;
Raboisson et al., 2011).

Mortality of dairy cows has been reported in the range of 3.5–6.1%
in previous studies conducted in different countries (Thomsen et al.,
2004; McConnel et al., 2008; Raboisson et al., 2011; Alvåsen et al.,
2014), mortality of youngstock has been reported from 2.4% to 9.4%
(Losinger and Heinrichs, 1997; Gulliksen et al., 2009; Bleul, 2011;
Azizzadeh et al., 2012; Santman-Berends et al., 2014). Previous studies
have identified several animal level risk factors associated with dairy
cow mortality hazard, e.g. milk yield, age at first calving, calving
season, lactation stage and calving ease (McConnel et al., 2008; Alvåsen
et al., 2012). Herd-level risk factors e.g herd size, region, predominant
breed in the herd, herd milk yield, grazing, proportion of purchased
animals have shown to influence dairy cow mortality (Thomsen et al.,
2006; Burow et al., 2011; Raboisson et al., 2011; Alvåsen et al., 2012).
Some examples of animal level risk factors associated with calf and

http://dx.doi.org/10.1016/j.livsci.2017.01.016
Received 28 October 2016; Received in revised form 27 January 2017; Accepted 28 January 2017

⁎ Corresponding author.
E-mail addresses: Kaari.Reimus@emu.ee (K. Reimus), Toomas.Orro@emu.ee (T. Orro), Ulf.Emanuelson@slu.se (U. Emanuelson), Arvo.Viltrop@emu.ee (A. Viltrop),

Kerli.Motus@emu.ee (K. Mõtus).

Livestock Science 198 (2017) 1–9

1871-1413/ © 2017 Elsevier B.V. All rights reserved.



youngstock mortality are breed, gestation length, parity of the dam,
dystocia, being born as a twin or triplet, congenital defects, calving
season, sex and weight of the calf, respiratory disease, diarrhea and
arthritis (Svensson et al., 2006; Gulliksen et al., 2009; Bleul, 2011;
Raboisson et al., 2013). Few examples of herd-level risk factors for calf
mortality are herd size, characteristics of calving stall, suckling as
feeding regimen and housing system from 2 weeks of age (Gulliksen
et al., 2009). Raboisson et al. (2011) suggested that farmers´ manage-
ment style highly influences mortality and it is generally assumed that
about half of the deaths can be prevented by proper management
(McConnel et al., 2008; Santman-Berends et al., 2014).

Awareness of the mortality causes would enable to focus on
preventing the predisposing factors that induce morbidity and mortal-
ity. Alvåsen et al. (2014) identified reasons for dairy cow on-farm
mortality being fertility disorders, udder disorders, metabolic disor-
ders, feet/claw disorders, trauma and other/unknown reasons.
Reasons for youngstock mortality included enteritis, pneumonia,
trauma and calving related diseases (Svensson et al., 2006).

Existence of national registry databases provides a good source of
data that can be used to assess mortality. Despite availability of data,
representative overviews over mortality rates in cattle populations of
countries are few (Pannwitz, 2015). Still, in the last decade, some
countries are developing surveillance systems using national registry
mortality data for the detection of early disease outbreaks (Struchen
et al., 2015; Torres et al., 2015; Santman-Berends et al., 2016). There is
no normal level for on-farm mortality in cattle herds, but increasing
trend of mortality in dairy herds has been reported in several studies
(Thomsen et al., 2004; McConnel et al., 2008; Raboisson et al., 2011;
Alvåsen et al., 2012, 2014). Increasing on-farm mortality causes
concerns about dairy cattle welfare.

Estonian dairy cattle operations are relatively large in size.
According to The Estonian Agricultural Registers and Information
Board (2016) 82% of dairy cows were kept in herds with > 100 cows.
Substantial investments have been made in recent decades in housing
and milking technology (loose housing open air barns and robotic
milking systems). The national average milk production per cow has
increased each year and has been > 8000 kg during the last four years
(Estonian Animal Recording Yearbook, 2015). Estonia is in the 6th
place in the European Union by level of milk production per cow
(Eurostat, 2015). Large dairy operations are managed by paid labour in
contrast to smaller family farms. Thus, the present study provides
relevant information on cattle mortality in a cattle population with an
intensive production system and relatively large herds.

Objectives of this study were to assess on-farm mortality (unas-
sisted death and euthanasia) in Estonian dairy cattle and characterize it
by animal cohorts as well as identify the frequency of reported reasons
of mortality.

2. Materials and methods

2.1. Study population

Data about all cattle present in Estonian Farm Animal Register kept
by the Estonian Agricultural Registers and Information Board (govern-
ment agency, referred as “animal register” hereinafter) and the
Estonian Livestock Performance Recording Ltd (national milk record-
ing centre including ~95% of all dairy cows in Estonia, referred as
“milk recording register” hereinafter) was retrieved for the study period
from 1st of January 2013 to 31st of December 2014. “Dairy herd” was
defined as a herd with more than 75% of dairy breed cows. According
to this definition the median proportion of beef breeds in the herds was
0% (range 0–24.4%). A dataset was compiled including data of all
animals in Estonian dairy herds present in the population on the 1st of
January 2013, and animals born and imported between 1st of January
2013 and 31st of December 2014. The dataset included 363,380
animals from 2616 herds, in total. Animal register data contained

information about animal identification number, birth date, breed and
sex of an animal, farm identification number together with owner's
name, location of herd and exit date from herd, together with a type of
exit (death on farm, euthanasia, slaughter, disappearance, diagnostic
slaughter, slaughter/killing to prevent disease spread and export).
Animal register data, containing information about the whole dairy
cattle population, was used to calculate mortality rates and to perform
risk factor analysis.

The milk recording register includes data about the reasons for
animal exits stated by the farmers. In order to describe reasons for each
mortality event milk recording register data was combined with animal
register data. In the milk recording register dataset it is possible that
one animal has several exit events (e.g. heifers moving to production
herd, animal is sold to another herd as well as reasons for death or
slaughter). To identify the reason for each mortality event, the date of
the event in the milk recording register and animal register datasets
were compared. Farmers are obliged by law to report the births,
movements and exits of animals to animal register within 7 days (Riigi
Teataja, 1999) whereas the data collected by the milk recording register
are usually forwarded by the farmers once a month at the time of milk
recording. This time difference in reporting the events to two different
registers may cause some discrepancies in dates of exit events. Taking
that into account, a difference of up to seven days in dates of the two
datasets was allowed. The study population to identify reasons for
death included all animals from milk recording register consisting of
approximately 95% of all dairy cattle in Estonia. In case of exit of an
animal farmer could select only one reason from the list given by the
registry. Farmers´ stated reasons for unassisted death and euthanasia
of cows in milk recording register were categorized into following
categories:

1. Feet/claw disorders: included farmers´ stated reasons - leg con-
formation flaws, leg traumas, leg disorders.

2. Respiratory and infectious diseases: respiratory diseases, infectious
diseases.

3. Metabolic and digestive disorders: metabolic disorders, milk fever,
digestive disorders.

4. Fertility problems: fertility problems, gynecological diseases, abor-
tion.

5. Dystocia.
6. Trauma and accident: other traumas, accident.
7. Udder disorders: udder flaws, udder and teat traumas, mastitis.
8. Other reasons.
9. Unknown reasons: reasons that were rarely reported and could not

be reasonably associated with mortality and were considered to be
accidentally selected in reporting, e.g. age, low production, bad
temperament, bad milking, moving into production herd, conforma-
tion flaws.

For youngstock the farmers´ stated reasons for unassisted death
and euthanasia were categorized into the following categories:

1. Feet/claw disorders.
2. Respiratory and infectious diseases: respiratory diseases, infectious

diseases.
3. Metabolic and digestive disorders: metabolic disorders, digestive

disorders.
4. Fertility problems: fertility problems, abortion (for heifers only).
5. Trauma and accident: trauma, accident.
6. Other reasons.
7. Unknown reasons.

2.2. Statistical analyses

For risk factor analysis the observation period started from 1st of
January 2013 and lasted until the failure (unassisted death or
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euthanasia) or censoring (slaughter, export or end of the study
period). The study population was categorized into three breed
categories: Estonian Holstein, Estonian Red and other breeds
(included Estonian Native, Swiss, Aubrac, Aberdeen Angus, Blonde
d`Aquitaine, Belgian Blue, Charolais, Dexter, Ayrshire, Galloway,
Scottish Highland, Hereford, Jersey, Limousine, Piemontese, Bison,
German Shorthorn and Simmental cattle). Due to the relatively
small number of animals in the category ‘Other breeds’ the category
was not interpreted but the animals were retained in the analysis in
order to evaluate the associations in terms of other risk factors.
Variable ‘herd size’ was created based on a number of animal-years
(including cattle of all ages) in total per calendar year and four
categories were made by splitting in approximate quartile values:
herds with 1–399, 400–899, 900–1499 and more than 1500 animal-
years. Counties were compiled into four regions: Northeast,
Southeast, Southwest and Northwest region. A time-varying covari-
ate ‘age category’ was created by applying the stsplit command in
Stata programme. Mortality rate (calculated as number of deaths per
100 animal-years) in female animals was calculated in seven age
groups: < 3 months, 3–5 months, 6–11 months, 12–17 months, 18–
23 months, 24–35 months and ≥36 months. Due to lower number of
older male cattle, the mortality rates were calculated for four age
categories: < 3 months, 3–5 months, 6–11 months and ≥12 months.

Survival analysis was applied in order to identify the mortality
rate, whereas left truncation of the data was taken into account by
defining the date when the animals entered the study (Cain et al.,
2011). The date the animal entered the study was 1st of January
2013, for animals already present in the population at that date,
birth date for animals born during the study period and date of
purchase for imported animals. Multivariable Weibull proportional
hazard models with herd as a gamma distributed frailty effect were
composed for detecting significant associations between potential
risk factors and on-farm mortality. Different distributions of the
parametric survival models were compared and Weibull distribu-
tion was chosen based on AIC and BIC values. Due to different
baseline risk of different age categories the risk factor analysis was
done separately in three age categories: calves aged < 3 months
(Model I), youngstock 3–23 months (Model II) and cattle aged ≥24
months (Model III). Animals accumulated time at risk in its´ age
category until failure, censoring or moving to the next age category.
Variables of interest in the analysis were age category, breed, sex,
herd size and region and all variables were included to the multi-
variable model. All biologically plausible interactions between
explanatory variables were tested and significant interactions were
included as separate variables in the multivariable model. In order
to detect confounding effects of the variable the change of regres-
sion coefficients was observed after removing it. Change in regres-
sion coefficients of more than 20% of the remaining variables in the
model was indicative for confounding and the variable was retained
in the model to control for its confounding effect (Dohoo et al.,
2009). The fit of the models was evaluated visually in the plots of
the cumulative hazard versus Cox-Snell residuals. Proportional
hazards assumption was evaluated by visual inspection of log-
cumulative hazard plots (Dohoo et al., 2009).

Seasonal distribution of mortality was analysed in four age
groups: calves aged < 3 months, youngstock 3–11 months, young-
stock 12–23 months and cattle aged ≥24 months by using survival
analysis as described above. In each age category the observation
period of each animal was split at the first day of each calendar
month. Mortality rate was calculated for each month of the two-year
study period. In order to detect changes between mortality hazards
of adjacent months an univariable Weibull proportional hazard
model with month as hierarchical predictor and farm as random
effect was composed.

All statistical analyses were performed using STATA MP version 14
(StataCorp LP, College Station, USA).

3. Results

3.1. Descriptive statistics

During the 2013 and 2014 (24 months) study period, there were
363,380 animals in total included in the analysis. Among those, 26,088
(7.2%) died, 600 (0.2%) were euthanised, 60,059 (16.5%) animals were
slaughtered, 82,652 (22.7%) were sold abroad, 356 (0.1%) disappeared
and 3 animals were slaughtered for diagnostic purposes. A total of
193,622 (53.3%) animals survived until the end of the study period and
were right censored. On-farm mortality (including unassisted death
and euthanasia) rate (MR) per 100 animal-years was 6.95 (95%
confidence interval (CI) 6.87; 7.04). Mortality rate estimates together
with number of animals in each category of breed, sex, herd size and
region across the three age groups are shown in Supplementary
Table 1.

Mortality rate estimates for female and male cattle by age categories
are shown in Fig. 1. In female cattle the mortality was highest in young
calves under 3 months of age (MR=27.70 per 100 animal-years, 95% CI
26.99; 28.43) and lowest in 12–17 months old heifers (MR =0.99 per
100 animal-years, 95% CI 0.89; 1.10), after this age category mortality
rate increased. In males the MR was highest in the youngest age group
(MR=55.96 per 100 animal-years, 95% CI 54.53; 57.42). Mortality rate
declined in the following age categories whereas it was lowest in the
oldest age category (≥12 months, MR=2.59 per 100 animal-years, 95%
CI 2.29; 2.93) (Fig. 1).

3.2. Farmers´ stated reasons for on-farm mortality

The main farmers´ stated reasons for dairy cow unassisted death
and euthanasia according to milk recording register were ‘Metabolic
and digestive disorders’ (40.1% of mortality cases) and ‘Feet/claw
disorders’ (23.6%). We were able to identify reasons for 11,412 on-
farm deaths among cows whereas the number of euthanasia was 318
(2.8%). Euthanasia was mostly done in case of ‘Feet/claw
disorders’,’Metabolic and digestive disorders’ and ‘Trauma and acci-
dent’ (Table 1).

The main reasons for heifer unassisted death and euthanasia were
‘Metabolic and digestive disorders’ (43.2%), ‘Respiratory and infectious
diseases’ (26.8%) and ‘Other reasons’ (11.8%). Euthanasia was exe-
cuted in 124 (1.4%) of mortality cases and it was mostly executed in
conditions under categories ‘Trauma and accident’,’Metabolic and
digestive disorders’, ‘Other reasons’ and ‘Unknown reasons’ (Table 1).

Main farmers´ stated reasons for unassisted death and euthanasia
among young bulls were ‘Metabolic and digestive disorders’ (55.2%)
and ‘Respiratory and infectious diseases’ (23.5%). In bulls, euthanasia
was executed in 78 (1.3%) of death events and most commonly due to
‘Unknown reasons’, ‘Trauma and accident’ and ‘Other reasons’
(Table 1).

3.3. Risk factors for on-farm mortality

In Model I (calves < 3 months of age) an interaction between sex
and breed was present. The highest mortality hazard occurred in
Estonian Holstein bull calves (Hazard rate ratio (HR)=1.97, 95% CI
1.89; 2.05, P < 0.001) and Estonian Red bull calves (HR=1.75, 95% CI
1.59; 1.92, P < 0.001) compared to baseline group female Estonian
Holstein calves. There were no differences in mortality hazard between
breeds in female calves. A significantly higher hazard of mortality was
confirmed in Estonian Red male calves compared to Estonian Red
female calves (HR=1.68, 95% CI 1.53; 1.85, P < 0.001). Compared to
male Estonian Holstein calves male Estonian Red calves had signifi-
cantly lower mortality hazard (HR =0.89, 95% CI 0.81; 0.97, P=0.010)
(data not shown). All herd size categories with more than 400 animal-
years were associated with significantly higher hazard of mortality
compared to smaller herds (Table 2).
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In model II (youngstock aged 3–23 months) an interaction between
age category and sex was present. Hazard of mortality was highest in
female cattle aged 3–11 months being the baseline category in the
model, followed by male cattle aged 3–23 months (HR=0.76, 95% CI
0.68; 0.85). The lowest mortality hazard was present in female cattle
aged 12–17 months (HR=0.11, 95% CI 0.10; 0.13) compared to the

reference group. The hazard of mortality was significantly higher in
18–23 months old female cattle compared to 12–17 months old female
cattle (HR=2.54, 95% CI 2.22; 2.92, P < 0.001). Male cattle aged 3–23
months had higher mortality hazard compared to 18–23 months old
females (HR=2.67, 95% CI 2.34; 3.04, P < 0.001) (data not shown).
Estonian Red breed cattle had lower mortality hazard (HR=0.82, 95%

Table 1.
Descriptive statistics of farmer´s stated reasons for on-farm mortality of Estonian dairy cattle in 2013 and 2014.

Reason of exit n (total) (%) n (euthanasia) n (unassisted death) Median age in months (quartiles)

COWS
Feet/claw disorders 2687 23.6 137 2550 52.2 (37.5; 70.1)
Respiratory and infectious diseases 336 2.9 1 335 48.8 (35.4; 65.4)
Metabolic and digestive disorders 4570 40.1 70 4500 59.8 (43.9; 76.6)
Fertility problems 253 2.2 5 248 54.8 (39.7; 74.2)
Dystocia 617 5.4 13 604 51.6 (29.8; 73.3)
Trauma and accident 1067 9.3 43 1024 53.8 (38.8; 72.4)
Udder disorders 824 7.2 17 807 56.4 (42.3; 72.8)
Other 1010 8.9 22 988 58.0 (41.7; 77.8)
Unknown reasons 48 0.4 10 38 93.8 (61.9; 119.3)
Total 11,412 100.0 318 11,094 56.3 (40.2; 74.5)
HEIFERSa

Feet/claw disorders 204 2.3 4 200 3.4 (1.1; 17.3)
Respiratory and infectious diseases 2387 26.8 13 2374 1.9 (0.7; 3.9)
Metabolic and digestive disorders 3848 43.2 24 3824 0.5 (0.3; 1.8)
Fertility problems 33 0.4 3 30 25.6 (22.4; 30.6)
Trauma and accident 862 9.7 36 826 10.9 (3.2; 21.1)
Other 1055 11.8 24 1031 2.5 (0.5; 8.8)
Unknown reasons 516 5.8 20 496 25.4 (23.5; 27.8)
Total 8905 100.0 124 8781 1.5 (0.43; 6.1)
YOUNG BULLSb

Feet/claw disorders 166 2.8 2 164 1.1 (0.6; 2.9)
Respiratory and infectious diseases 1430 23.5 4 1426 0.7 (0.4; 1.9)
Metabolic and digestive disorders 3357 55.2 5 3352 0.4 (0.3; 0.6)
Trauma and accident 311 5.1 22 289 2.5 (0.6; 12.4)
Other 567 9.3 20 547 0.5 (0.3; 1.2)
Unknown reasons 250 4.1 25 225 0.6 (0.3; 1.1)
Total 6081 100.0 78 6003 0.5 (0.3; 1.0)

a Female cattle from birth to first calving.
b Male cattle from birth to first registered breeding event.

Fig. 1. Mortality rate estimates in female and male cattle of Estonian dairy herds by age group. ** P < 0.001 compared to preceding age category in Weibull proportional hazards model
with farm frailty effect.
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CI 0.70; 0.95) compared to Estonian Holstein breed animals.
Regarding herd size the mortality hazard was significantly higher in
herds over 400 animal-years. The hazard of mortality was lowest in
Southwest region (HR=0.67, 95% CI 0.52; 0.87) compared to baseline
category Northeast region (Table 3).

An interaction between herd size and age category was present in
the risk factor analysis for on-farm mortality in cattle ≥24 months
(Model III). In both age groups (24–35 months and ≥36 months) there
was significantly higher mortality hazard in herds larger than 400
animal-years compared to smaller herds. In both age categories no
difference in mortality hazard was present between herd size groups
400–899, 900–1499 and ≥1500 animal-years. In herds with less than
400 animal-years mortality hazard was significantly higher in cattle
aged ≥36 months compared to 24–35 months old cattle (HR=1.41,
95% CI 1.26; 1.58) (Table 4). Taking herd size into account, mortality

hazard was significantly higher in older age group ≥36 months
compared to younger age category. Estonian Red breed cattle had
lower mortality hazard (HR=0.70, 95% CI 0.65; 0.75) compared to
animals of Estonian Holstein breed. The hazard of mortality was
significantly lower in all regions compared to baseline category
Northeast region (Table 4).

3.4. Seasonal distribution of mortality

Distribution of monthly mortality rates for the two-year’ time
period is presented in Fig. 2. Calves aged < 3 months had higher
mortality hazard in January, February and March both years. In
addition, August and December 2014 were also months with high
mortality hazard for young calves. Heifers aged 3–11 months had
highest mortality rates in August and September both years as well as

Table 2
Risk factors for on-farm dairy calf (less than 3 months) mortality identified in a multivariable Weibull proportional hazard random effect model evaluated in 192,081 calves from 1577
herds in Estonia in 2013 and 2014.

Variable Category n MRa Hazard rate ratio (HR) 95% Confidence interval of HR P-value Wald test P-value

Sex x breed Female, Estonian Holstein 77,131 28.69 1 < 0.001
Male, Estonian Holstein 76,207 61.78 1.97 1.89; 2.05 < 0.001
Female, Estonian Red 17,114 24.45 1.04 0.95; 1.14 0.426
Male, Estonian Red 17,430 42.16 1.75 1.59; 1.92 < 0.001
Female, Otherb 2041 17.74 1.23 0.97; 1.55 0.086
Male, Otherb 2158 18.97 1.38 1.09; 1.75 0.007

Herd size (animal-years) < 400 43,369 15.69 1 < 0.001
400–899 45,984 43.96 4.41 3.24; 6.00 < 0.001
900–1499 56,641 45.91 4.67 3.20; 6.81 < 0.001
≥1500 46,087 43.12 4.36 2.45; 7.78 < 0.001

Regionc Northeast 78,513 43.53 1 0.279
Southeast 42,294 32.07 0.89 0.68; 1.16 0.381
Southwest 45,122 34.50 0.77 0.60; 1.00 0.051
Northwest 26,152 31.16 0.85 0.64; 1.13 0.259

Variance parameter for herd 1.48 (95% CI 1.22; 1.79), shape parameter p=0.79
a Mortality rate (per 100 animal-years).
b Other breeds: Aberdeen Angus, Swiss, Blonde d´Aquitaine, Belgian Blue, Charolais, Dexter, Estonian Native, Ayrshire, Galloway, Scottish Highland, Hereford, Jersey, Limousine,

Piemontese, Bison, German Shorthorn, Simmental.
c Northeast Estonia: Ida-Viru, Lääne-Viru, Jõgeva, Järva county; Southeast Estonia: Tartu, Valga, Võru, Põlva county; Southwest Estonia: Pärnu, Viljandi, Saare county; Northwest

Estonia: Harju, Rapla, Lääne, Hiiu county.

Table 3.
Risk factors for on-farm dairy cattle (3–23 months old) mortality identified in a multivariable Weibull proportional hazard random effect model evaluated in 171,771 cattle from 2054
herds in Estonia in 2013 and 2014.

Variable Category na,b MRc Hazard rate ratio (HR) 95% Confidence interval of HR P-value Wald test P-value

Age category x sexb 3–11 months, Female 89,585 5.16 1 < 0.001
12–17 months, Female 91,673 0.52 0.11 0.10; 0.13 < 0.001
18–23 months, Female 86,911 1.40 0.29 0.26; 0.32 < 0.001
3–23 months, Male 50,484 3.06 0.76 0.68; 0.85 < 0.001

Herd size (animal-years)a < 400 47,588 1.41 1 < 0.001
400–899 39,164 2.06 1.98 1.52; 2.59 < 0.001
900–1499 44,638 1.75 1.72 1.25; 2.37 0.001
≥1500 40,381 1.75 1.66 1.03; 2.65 0.036

Breeda Estonian Holstein 132,678 1.87 1 0.014
Estonian Red 34,160 1.23 0.82 0.70; 0.95 0.008
Otherd 4933 1.44 0.80 0.60; 1.07 0.128

Regiona,e Northeast 69,866 1.95 1 0.027
Southeast 39,056 1.61 0.91 0.71; 1.17 0.464
Southwest 37,941 1.31 0.67 0.52; 0.87 0.003
Northwest 24,908 1.95 0.85 0.65; 1.12 0.240

Variance parameter for herd 0.92 (95% CI 0.72; 1.16), shape parameter p=0.92
a Number of animals in each category.
b Number of observations in each category after splitting the observations according to age categories.
c Mortality rate (per 100 animal-years) in each category.
d Other breeds: Aberdeen Angus, Swiss, Blonde d´Aquitaine, Belgian Blue, Charolais, Dexter, Estonian Native, Ayrshire, Galloway, Scottish Highland, Hereford, Jersey, Limousine,

Piemontese, Bison, German Shorthorn, Simmental.
e Northeast Estonia: Ida-Viru, Lääne-Viru, Jõgeva, Järva county; Southeast Estonia: Tartu, Valga, Võru, Põlva county; Southwest Estonia: Pärnu, Viljandi, Saare county; Northwest

Estonia: Harju, Rapla, Lääne, Hiiu county.
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Table 4
Risk factors for on-farm adult dairy cattle (≥24 months) mortality identified in a multivariable Weibull proportional hazard random effect model evaluated in 166,412 cattle from 2419
herds in Estonia in 2013 and 2014.

Variable Category na,b MRc Hazard rate ratio (HR) 95% Confidence intervall of HR P-value Wald test P-value

Breeda Estonian Holstein 129,310 6.48 1 < 0.001
Estonian Red 34,259 3.45 0.70 0.65; 0.75 < 0.001
Otherd 2843 1.80 0.45 0.35; 0.59 < 0.001

Herd size (animal-years) x age categoryb < 400, 24–35 months 23,515 2.55 1 < 0.001
< 400, ≥36 months 34,093 3.60 1.41 1.26; 1.58 < 0.001
400–899, 24–35 months 21,833 4.42 2.01 1.60; 2.52 < 0.001
400–899, ≥36 months 28,646 7.71 3.41 2.75; 4.24 < 0.001
900–1499, 24–35 months 27,118 4.74 2.17 1.67; 2.81 < 0.001
900–1499, ≥36 months 34,132 7.49 3.23 2.51; 4.15 < 0.001
≥1500, 24–35 months 22,706 4.28 1.93 1.33; 2.80 0.001
≥1500, ≥36 months 27,656 7.79 3.23 2.24; 4.65 < 0.001

Regiona,e Northeast 68,159 8.04 1 < 0.001
Southeast 34,650 4.17 0.65 0.55; 0.76 < 0.001
Southwest 39,248 3.69 0.68 0.58; 0.80 < 0.001
Northwest 24,355 5.14 0.74 0.61; 0.89 0.001

Variance parameter for herd 0.54 (95% CI 0.44; 0.67), shape parameter p=1.13
a Number of animals in each category.
b Number of observations in each category after splitting the observations according to age categories.
c Mortality rate (per 100 animal-years) in each category.
d Other breeds: Aberdeen Angus, Blonde d´Aquitaine, Belgian Blue, Charolais, Dexter, Estonian Native, Ayrshire, Galloway, Scottish Highland, Hereford, Jersey, Limousine,

Piemontese, Bison, German Shorthorn, Simmental.
e Northeast Estonia: Ida-Viru, Lääne-Viru, Jõgeva, Järva county; Southeast Estonia: Tartu, Valga, Võru, Põlva county; Southwest Estonia: Pärnu, Viljandi, Saare county; Northwest

Estonia: Harju, Rapla, Lääne, Hiiu county.
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Fig. 2. Seasonal distribution of mortality rate among four age groups: A – calves up to three months, B – youngstock 3–11 months, C – cattle 12–23 months, D – cattle ≥24 months. * P
< 0.05 and ** P < 0.001 compared to previous month in Weibull proportional hazards model.
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in October 2013 and December 2014. Heifers aged 12–23 months the
mortality hazard increased since March 2014 and stayed high during
the second half-year of 2014. Among adult cattle (≥24 months) the
period with increased mortality rate was summer (months July to
September) 2013. Mortality rate in adult cattle also increased con-
siderably since December 2013 and stayed higher compared to the
equivalent months in 2013 (Fig. 2).

3.5. Model Fit

Fit of the Weibull model was confirmed with a straight line in the
plot of Cox-Snell residuals and cumulative hazard. The proportional
hazard assumption was confirmed with parallel curves of the predictor
categories in the log-cumulative hazard plots.

4. Discussion

4.1. On-farm mortality of cattle in Estonian dairy herds

For female cattle a reverse J-shaped pattern of mortality rate over
animals´ age is formed and this kind of pattern has been identified also
in previous studies (Pannwitz, 2015). We identified a higher mortality
among male cattle which can be related to biological features and lower
market value (Raboisson et al., 2013; Pannwitz, 2015) and the fact that
bull calves do not play a role in dairy herd replacement. The lowest
hazard of mortality occurred among heifers aged 12–17 months. This is
the age group in which calf-age diseases are no longer a threat, animals
are adapted to their environment and they have achieved a certain
immunity to the endemic infections. Also, this age group does not have
the stress caused by calving and following lactation. This group of
animals is frequently monitored to detect heat allowing fast detection
of diseased animals. Female cattle aged 18–23 months had signifi-
cantly higher mortality hazard compared to previous age group.
Unfortunately, the calving date was not available in animal registry
database, therefore we were unable to discriminate cow and heifer
stages exactly. As some proportion of cows calve before 24 months of
age an increased mortality hazard in that age category may be the
consequence of including animals with higher early lactation mortality
hazard (Alvåsen et al., 2014).

In our study, mortality rates for female cattle aged 24–35 months
and ≥36 months were 4.0 and 6.5 per 100 animal-years, respectively.
These results are comparable to what has been found in other studies
e.g. 6.0 per 100 animal-years for dairy cows in Sweden (Alvåsen et al.,
2012) and 6.4 per 100 animal-years in the USA (Shahid et al., 2015).
Higher mortality among older cows can be explained by an increased
risk of calving and production-related diseases cumulating with each
parity (e.g. milk fever, displaced abomasum, downer cow syndrome,
mastitis, uterine prolapse, retained placenta and ketosis) (Thomsen
et al., 2004; Shahid et al., 2015).

Comparison of the mortality estimates of our study with others
work has revealed to be somewhat complicated. As mentioned before,
there are only few studies reflecting the mortality levels on country
level or larger regions. Most of the studies done in other countries are
mainly focused on mortality in certain age-groups (Alvåsen et al.,
2014). In addition, mortality can be calculated differently - some
studies report mortality risk (Thomsen et al., 2004; Svensson et al.,
2006; Raboisson et al., 2013), whereas others calculate mortality rate
for different denominator (Raboisson et al., 2011; Perrin et al., 2012;
Pannwitz, 2015). Also, registry data misses deaths that occur in the first
days of life, since farmers often report calves who died during the first
few days and not ear-tagged yet, as stillborn. Therefore the mortality
rate presented for young calves in this study is underestimated.

4.2. Farmers´ stated reasons for on-farm mortality

Farmers´ stated main reasons for unassisted death or euthanasia of
dairy cows were ‘Metabolic and digestive disorders’ and ‘Feet/claw
disorders’. Although it is known that farmers´ perception of cause of
death compared to necropsy examinations are incorrect in slightly
more than half of the mortality cases (McConnel et al., 2009; Thomsen
et al., 2012) our results are in concordance with a recent study in
Sweden (Alvåsen et al., 2014). This implies that a herd health
improvement plan should put more effort on prevention of these
diseases in order to decrease mortality events in production herds.
Euthanasia was executed in 2.8% of the on-farm mortality cases in
Estonian dairy cows which is considerably lower than 58% that was
found in Denmark (Thomsen et al., 2004). In reporting mortality cases
to EARIB the farmers could select between options ‘death’ and
‘emergency slaughter’. Questioning the animal registry and few farmers
revealed that there might be some misunderstanding of the term
‘emergency slaughter’ and farmers prefer to report euthanized animals
to be ‘dead’ in the EARIB database. Therefore the low proportion of
euthanasias should be considered a reporting bias and should be
interpreted accordingly.

For youngstock, around 80% of deaths could be attributed to
‘Metabolic and digestive disorders’ and ‘Respiratory and infectious
diseases’, whereas most commonly these occur during the first four
months of age. These results are similar to that found previously
(Svensson et al., 2006; Gulliksen et al., 2009; Torsein et al., 2011;
Raboisson et al., 2013) confirming the need for more effective herd
health measures to combat these disorders.

Proportion of euthanasia for on-farm mortality cases was also very
low in heifers (1.4%) and young bulls (1.3%). As far as we know, no
publication about euthanasia in youngstock is published. Despite of
that, underreporting euthanasia similarly to that in cows, is most
possibly present in Estonian animal registry also for youngstock.

4.3. Risk factors

The risk factor analysis identified that Holstein breed was asso-
ciated with higher mortality hazard which has also been identified in
previous studies (Thomsen et al., 2006; Raboisson et al., 2011; Alvåsen
et al., 2012; Shahid et al., 2015). In Estonia, Holstein breed cows have
higher milk yield compared to Estonian Red cows (Estonian Animal
Recording Yearbook, 2015). Higher milk yield has been found to be a
risk factor for mortality (Miller et al., 2008; Alvåsen et al., 2014). Also,
previous studies have reported that Holstein breed animals are more
susceptible to production-related diseases (Persson Waller et al.,
2009).

Mortality has been reported to increase with herd size in several
studies (Thomsen et al., 2006; McConnel et al., 2008; Shahid et al.,
2015). Our results show that herds with < 400 animal-years differ
significantly from herds with≥400 animal-years by having significantly
lower mortality hazard in all age groups. In larger herds, individual
attention of animals is reduced, also larger herds have different
housing conditions and mechanization compared to smaller farms
(Raboisson et al., 2011). Furthermore, among herds with < 400
animals most are family farms and less or no paid labour is used to
manage the farms, which might be favourable for the attention towards
the animals. Also, grazing is rare in Estonia, especially in larger herds,
which has been previously identified as a risk factor for mortality
(Thomsen et al., 2006). Herd size is a proxy to other risk factors and
further studies should specify more detailed risk factors reflected by
herd size.

Regional differences in mortality hazard were confirmed for cattle
over three months of age and ‘region’ acted as a confounder in all three
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models. Due to the small size of Estonia, the climatic conditions are
relatively even but herd management factors may differ by location.
Therefore a further study including herds distributed across Estonia
and including characteristics of farm housing and management should
reveal the factors behind the regional differences in mortality.

Significant clustering of mortality hazard was confirmed by the
significant frailty term for herd. As the study also included small herds
the clustering may partly arise from the extreme mortality levels in those
herds. The between-herd variance was highest for young calves ( < 3
months of age) and lowest for adult cattle ≥24 months. This means that
some farms achieve relatively low mortality in calves whereas some
herds have very poor calf performance resulting in high mortality. This
confirms the results of Raboisson et al. (2013) who found high standard
deviations for herd level mortality rates and concluded that it is possible
for the farmers to achieve very low mortality rates also in animal
categories known to have a high risk of mortality. Further studies should
clarify the factors that determine the herd performance related with
cattle mortality of different age groups.

According to the shape parameters of Models I, II and III the
hazard function decreased monotonically for young calves (shape
parameter p=0.79) and less for 3–23 months old youngstock (shape
parameter p=0.92). In adult cattle the shape parameter was 1.13
meaning that the hazard function was monotonically increasing, but at
a decreasing rate (Dohoo et al., 2009).

4.4. Seasonality

Seasonal distributions of mortality differed in four age categories.
Higher mortality in dairy calves during winter period has been
identified in previous studies and it is believed that low temperature
and more intensive infectious disease spread may conduce to higher
mortality (Svensson et al., 2006; Bleul, 2011; Raboisson et al., 2013).
Youngstock aged 3–11 months had higher mortality during autumn
months. Reasons for this finding are difficult to provide, we may
speculate that at the end of the grazing period there is less feed
available in the pastures and animals are more susceptible to pasture
parasite infections. Moving animals to the barns at the end of the
grazing period may also induce higher stress level predisposing to
morbidity and mortality.

Considerable increase in mortality of youngstock 12–23 months
and cattle ≥24 months occurred since March 2014 and December
2013, respectively. Reasons for this finding are difficult to provide but
analysis of further years should reveal whether gradual increase occurs
in dairy cattle mortality in Estonia or the observed increase was a
temporary fluctuation.

A somewhat higher mortality rate was observed in the oldest age
group during summer months. With warm and moist weather it is
plausible that heat stress may affect the resistance of cows and can be a
cause of higher mortality (Bishop-Williams et al., 2015).

5. Conclusions

The present study identified mortality rate in Estonian dairy herds
that is roughly comparable with studies of other countries. The study
highlights the necessity to put more effort in prevention of metabolic
and digestive tract diseases and feet and claw disorders in cows in
order to reduce mortality and improve animal welfare. To ensure
health and welfare in youngstock it is important to contribute to
prevention of diarrhea and respiratory diseases. We identified that the
mortality differs between breeds, sex and season. Herd size and region
are significant factors associated with cattle mortality but rather reflect
other direct factors influencing mortality. For specific detection of risk
factors it is necessary to carry out further research.

Conflicts of interest

There are no conflicts of interest.

Acknowledgments

The authors thank Olle Antson (Estonian Agricultural Registers and
Information Board) and Inno Maasikas (Estonian Livestock
Performance Recording Ltd) for data inquiry. This project was funded
by the Estonian University of Life Sciences Strategic Development
Fund [contract no 8M160114VLVM].

Appendix A. Supplementary material

Supplementary data associated with this article can be found in the
online version at doi:10.1016/j.livsci.2017.01.016.

References

Alvåsen, K., Jansson Mörk, M., Hallén Sandgren, C., Thomsen, P.T., Emanuelson, U.,
2012. Herd-level risk factors associated with cow mortality in Swedish dairy herds. J.
Dairy Sci. 95, 4352–4362.

Alvåsen, K., Jansson Mörk, M., Dohoo, I.R., Sandgren, C.H., Thomsen, P.T.,
Emanuelson, U., 2014. Risk factors associated with on-farm mortality in Swedish
dairy cows. Prev. Vet. Med. 117, 110–120.

Azizzadeh, M., Shooroki, H.F., Kamalabadi, A.S., Stevenson, M.A., 2012. Factors
affecting calf mortality in Iranian Holstein dairy herds. Prev. Vet. Med. 104,
335–340.

Bishop-Williams, K.E., Berke, O., Pearl, D.L., Hand, K., Kelton, D.F., 2015. Heat stress
related dairy cow mortality during heat waves and control periods in rural Southern
Ontario from 2010–2012. BMC Vet. Res. 11, 291.

Bleul, U., 2011. Risk factors and rates of perinatal and postnatal mortality in cattle in
Switzerland. Livest. Sci. 135, 257–264.

Burow, E., Thomsen, P.T., Sørensen, J.T., Rousing, T., 2011. The effect of grazing on cow
mortality in Danish dairy herds. Prev. Vet. Med. 100, 237–241.

Cain, K.C., Harlow, S.D., Little, R.J., Nan, B., Yosef, M., Taffe, J.R., Elliott, M.R., 2011.
Bias due to left truncation and left censoring in longitudinal studies of developmental
and disease processes. Am. J. Epidemiol. 173, 1078–1084.

Dohoo, I., Martin, W., Stryhn, H., 2009. Logistic Regression. Modelling Survival data 2nd
edVeterinary Epidemiologic Research 395–426. VER Inc., Charlottetown, Canada,
467–527.

Estonian Animal Recording Yearbook, 2015. Jõudluskontrolli aastaraamat 2015 (in
Estonian). Retrieved from: 〈https://www.jkkeskus.ee/jkk/piimaveised/statistika/j%
C3%B5udluskontrolli-aastaraamatud/〉. Date accessed: 19.08.2016.

Eurostat, 2015. Milk and Milk Product Statistics. Retrieved from: 〈http://ec.europa.eu/
eurostat/statistics-explained/index.php/Milk_and_milk_product_statistics#Milk_
production〉. Date accessed: 29.08.2016.

Gulliksen, S.M., Lie, K.I., Løken, T., Østerås, O., 2009. Calf mortality in Norwegian dairy
herds. J. Dairy Sci. 92, 2782–2795.

Losinger, W.C., Heinrichs, A.J., 1997. Management practices associated with high
mortality among preweaned dairy heifers. J. Dairy Res. 64, 1–11.

McConnel, C.S., Lombard, J.E., Wagner, B.A., Garry, F.B., 2008. Evaluation of factors
associated with increased dairy cow mortality on United States dairy operations. J.
Dairy Sci. 91, 1423–1432.

McConnel, C.S., Garry, F.B., Lombard, J.E., Kidd, J.A., Hill, A.E., Gould, D.H., 2009. A
necropsy-based descriptive study of dairy cow deaths on a Colorado dairy. J. Dairy
Sci. 92, 1954–1962.

Miller, R.H., Kuhn, M.T., Norman, H.D., Wright, J.R., 2008. Death losses for lactating
cows in herds enrolled in dairy herd improvement test plans. J. Dairy Sci. 91,
3710–3715.

Ortiz-Pelaez, A., Pritchard, D.G., Pfeiffer, D.U., Jones, E., Honeyman, P., Mawdsley, J.J.,
2008. Calf mortality as a welfare indicator on British cattle farms. Vet. J. 176,
177–181.

Pannwitz, G., 2015. Standardized analysis of German cattle mortality using national
register data. Prev. Vet. Med. 118, 260–270.

Perrin, J.B., Ducrot, C., Vinard, J.L., Morignat, E., Calavas, D., Hendrikx, P., 2012.
Assessment of the utility of routinely collected cattle census and disposal data for
syndromic surveillance. Prev. Vet. Med. 105, 244–252.

Persson Waller, K., Bengtsson, B., Lindberg, A., Nyman, A., Ericsson Unnerstad, H.,
2009. Incidence of mastitis and bacterial findings at clinical mastitis in Swedish
primiparous cows — influence of breed and stage of lactation. Vet. Microbiol. 134,
89–94.

Raboisson, D., Cahuzac, E., Sans, P., Allaire, G., 2011. Herd-level and contextual factors
influencing dairy cow mortality in France in 2005 and 2006. J. Dairy Sci. 94,
1790–1803.

Raboisson, D., Delor, E., Cahuzac, E., Gendre, C., Sans, P., Allaire, G., 2013. Perinatal,

K. Reimus et al. Livestock Science 198 (2017) 1–9

8



neonatal and rearing period mortality of dairy calves and replacement heifers in
France. J. Dairy Sci. 96, 2913–2924.

Riigi, Teataja, 1999. Loomatauditõrje Seadus (Animal Disease Control Act). Riigi Teataja,
57, 598 (in Estonian). Retrieved from: 〈https://www.riigiteataja.ee/akt/
101092015020?LeiaKehtiv〉 Date accessed: 04.05.2016

Santman-Berends, I.M.G.A., Buddiger, M., Smolenaars, A.J.G., Steuten, C.D.M., Roos,
C.A.J., Van Erp, A.J.M., Van Schaik, G., 2014. A multidisciplinary approach to
determine factors associated with calf rearing practices and calf mortality in dairy
herds. Prev. Vet. Med. 117, 375–387.

Santman-Berends, I.M.G.A., Brouwer-Middelesch, H., Van Wuijckhuise, L., de Bont-
Smolenaars, A.J.G., Van Schaik, G., 2016. Surveillance of cattle health in the
Netherlands: monitoring trends and developments using routinely collected cattle
census data. Prev. Vet. Med. 134, 103–112.

Shahid, M.Q., Reneau, J.K., Chester-Jones, H., Chebel, R.C., Endres, M.I., 2015. Cow-
and herd-level risk factors for on-farm mortality in Midwest US dairy herds. J. Dairy
Sci. 98, 1–13.

Struchen, R., Reist, M., Zinsstag, J., Vial, F., 2015. Investigating the potential of reported
cattle mortality data in Switzerland for syndromic surveillance. Prev. Vet. Med. 121,
1–7.

Svensson, C., Linder, A., Olsson, S.-O., 2006. Mortality in Swedish dairy calves and
replacement heifers. J. Dairy Sci. 89, 4769–4777.

The Estonian Agricultural Registers and Information Board, 2016. Data Enquiry From:
www.pria.ee. Date accessed: 13.06

Thomsen, P.T., Kjeldsen, A.M., Sørensen, J.T., Houe, H., 2004. Mortality (including
euthanasia) among Danish dairy cows (1990–2001). Prev. Vet. Med. 62, 19–33.

Thomsen, P.T., Houe, H., 2006. Dairy cow mortality. A review. Vet. Q. 28, 122–129.
Thomsen, P.T., Kjeldsen, A.M., Sorensen, J.T., Houe, A., Ersboll, A.K., 2006. Herd-level

risk factors for the mortality of cows in Danish dairy herds. Vet. Rec. 158, 622–626.
Thomsen, P.T., Dahl-Pedersen, K., Jensen, H.E., 2012. Necropsy as means to gain

additional information about causes of dairy cow deaths. J. Dairy Sci. 95,
5798–5803.

Torres, G., Ciaravino, V., Ascaso, S., Flores, V., Romero, L., Simón, F., 2015. Syndromic
surveillance system based on near real-time cattle mortality monitoring. Prev. Vet.
Med. 119, 216–221.

Torsein, M., Lindberg, A., Hallen Sandgren, C., Persson Waller, K., Törnquist, M.,
Svensson, C., 2011. Risk factors for calf mortality in large Swedish dairy herds. Prev.
Vet. Med. 99, 136–147.

K. Reimus et al. Livestock Science 198 (2017) 1–9

9



 



 

 II 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Mõtus, K., Reimus, K., Orro, T., Viltrop, A., Emanuelson, U., 2017. 
ON-FARM MORTALITY, CAUSES AND RISK FACTORS IN 

ESTONIAN BEEF COW-CALF HERDS. 
Preventive Veterinary Medicine, 139 (A), 10−19. 

10.1016/j.prevetmed.2016.10.014. 
 



Preventive Veterinary Medicine 139  (2017)  10–19

Contents lists available at  ScienceDirect

Preventive  Veterinary  Medicine

jo ur nal ho me pag e: www.elsev ier .com/ locate /prevetmed

On-farm  mortality,  causes  and  risk  factors  in  Estonian  beef  cow-calf

herds

Kerli  Mõtusa,∗,  Kaari  Reimusa, Toomas  Orroa,  Arvo  Viltropa,  Ulf Emanuelsonb

a Institute of Veterinary Medicine and  Animal  Sciences, Estonian University of Life Sciences, Estonia
b Department of Clinical Sciences, Swedish University of Agricultural Sciences, Sweden

a r  t  i c  l e  i  n  f  o

Article history:
Received 21 June  2016

Received in revised form 18 October  2016

Accepted 19 October  2016

Keywords:
Beef cattle

Mortality

Unassisted death

Euthanasia

Survival  analysis

a  b  s  t  r a  c  t

High  on-farm  mortality  is  associated with lower financial return of  production  and poor animal health

and  welfare.  Understanding the reasons  for on-farm mortality  and  related risk factors allows  focus on

specific  prevention  measures. This retrospective  cohort  study  used  cattle registry data  from the  years

2013  and  2014, collected  from  cattle from  all  Estonian cow-calf  beef herds. The  dataset contained  78,605

animal  records from  1321  farms  in  total. Including unassisted deaths  and  euthanasia  (2199  in total)  the

on-farm  mortality  rate  was 2.14  per  100  animal-years. Across  all age groups of  both  sexes the mortality

rate  (MR) was highest for bull calves up to three  months old  (MR = 7.78 per 100  animal-years, 95% CI  6.97;

8.68)  followed  by  that for heifer calves (MR  =  6.21  per  100  animal-years, 95% CI  5.49; 7.02). For  female

cattle  the  mortality  risk declined after three months  of  age but  increased again  among animals over  18

months.

The  reason  for  death  stated  by  the farmers was  analysed for cattle under  animal  performance testing.

Other/unknown  reasons,  trauma and accidents, as well as metabolic and  digestive disorders, formed the

three  most  commonly  reported reasons  for death in  cattle  of all age  groups.

Weibull  proportional hazard models  with farm frailty  effects were  applied in  three age categories

(calves  up to three months,  youngstock  from  three to 18 months  and cattle  aged  over 18 months) to

identify  factors  associated with the  risk of  mortality.  Male sex  was  associated with increased  risk of

mortality  in cattle up to 18 months of age. No  difference between breeds was  found  for  cattle  up  to  18

months  of  age. Beef  cattle  breeds  rarely represented or  dairy  breeds  (breed category  ‘Other’) had  the

highest  mortality  hazard (HR  =  1.41,  95%  CI  1.11; 1.78)  compared to Hereford. The  hazard of mortality

generally  increased with herd size  for  calves, young  stock and older bulls.  In  female cattle  over 18 months

of  age there  was  no  difference in  mortality  hazard over herd  size categories. Herd  location  was  controlled

in  the models and  regional  differences in  mortality  hazard were found.  Common to all  age  groups,  calving

season  was  associated with increased risk of mortality.

© 2016 Elsevier B.V. All rights  reserved.

1. Introduction

Cattle on-farm mortality (assisted or unassisted) is the invol-

untary loss of an animal. High on-farm mortality is  one of several

indicators of suboptimal animal health and welfare (Ortiz-Pelaez

et  al., 2008; de Vries et al., 2011; OIE, 2012) induced by errors

in management practices, animal environment and nutrition. Pre-

mature loss of animals is  a cause of economic loss; the value of

the dead animals, loss of production, extra labour, loss of income

from the sale of carcasses and cost of the waste management of

the cadaver, in addition to increased costs of herd replacement due

to  higher herd turnover rate (Thomsen et al., 2004; Thomsen and

∗ Corresponding  author.

E-mail address: Kerli.Motus@emu.ee (K.  Mõtus).

Houe, 2006).  Due to the poor health status of animals in herds with

high on-farm mortality, expenditure for animal treatments and vet-

erinary expenses, as well as reduced quality and  safety of animal

products, decrease the profitability of livestock production.

Studies covering beef cattle mortality vary for production type

and age group involved. Numerous studies have focussed on mor-

tality in intensive production systems, e.g.  white veal production

for different breeds (Sargeant et al., 1994; Bähler et al., 2012; Pardon

et  al., 2012) or fattening units (Loneragan et al., 2001; Rumor

et al., 2015).  In extensive cow-calf herds calf mortality has been

reported in a range of 1.4–9.5% (Bunter et al., 2013; Elghafghuf et al.,

2014; Murray et al., 2016). Registry data has been used in Germany

(Pannwitz, 2015)  and France (Perrin et al., 2012) to evaluate mor-

tality  in  the national herd. According to  these studies, the mortality

rate showed a reverse J-shaped curve with increasing age (Perrin

et  al., 2012; Pannwitz, 2015).

http://dx.doi.org/10.1016/j.prevetmed.2016.10.014

0167-5877/©  2016  Elsevier B.V.  All  rights reserved.
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Several risk factors associated with on-farm mortality have been

identified for beef calves. Sex (Bähler et al., 2012; Elghafghuf et al.,

2014; Pannwitz, 2015), dystocia (Azzam et al., 1993; Tarrés et al.,

2005), calf birth-weight (Azzam et al., 1993; Tarrés et al., 2005),

age of the dam (Azzam et al., 1993; Tarrés et al., 2005; Elghafghuf

et  al., 2014), calving intervention, colostrum management, castra-

tion method (Murray et al., 2016), incidence of bovine repiratory

disease (Cusack et al., 2007; Murray et al., 2016), calving season

(Tarrés et al., 2005; Perrin et al., 2012; Murray et al., 2016)  and the

length of the calving season (Rogers et al., 1985; Elghafghuf et al.,

2014; Murray et al., 2016), average ambient temperature and pre-

cipitation during calving (Azzam et al., 1993; Elghafghuf et al., 2014;

Pannwitz, 2015), use of prophylactic antibiotics and  injectable vita-

mins ADE (Rogers et al., 1985) and herd size (Rogers et al., 1985;

Murray et al., 2016) is an incomplete list of factors that have been

identified. Fewer studies have evaluated risk factors for older cat-

tle in beef herds (Waldner et al., 2009) whereas most of those have

been conducted in feedlots (Cusack et al., 2007; Rumor et al., 2015)

or in the framework of a national population study (Perrin et al.,

2012; Pannwitz, 2015; Struchen et al., 2015). Factors relating to

age, gender, season, incidence of bovine respiratory disease, floor

type, nutrition and feeding management have contributed to mor-

tality in older cattle (Cusack et al., 2007; Waldner et al., 2009; Perrin

et al., 2012; Rumor et al., 2015; Struchen et al., 2015).

Most Estonian beef cattle herds have extensive herd type,

according to the OIE classification (OIE, 2012). The herds can  be

divided into breeding herds, with pure-breed animals, and produc-

tion farms. Common to both herd types beef production is mostly

managed as extensive cow-calf operations with mainly late win-

ter or early spring calving and  summer grazing. Cows and breeding

heifers are usually naturally mated by a bull at pasture. Calves are

most commonly weaned from their dams in  the autumn when 6–8

months old. Bull calves are sold for slaughter at a weight of 300 kg

or 500–550 kg dependent on the market demands. During the win-

ter period cattle are mostly kept inside on  deep litter bedding with

access to outside walking and feeding areas. The feed is mainly

forage-based, and grain-feeding is used for  growing youngstock

(Alar Onoper, personal communication, April 18, 2016).

Despite the availability of registry databases and commitment

of the farmers to register data about births, movements and exits

of  animals on a routine basis (Riigi Teataja, 1999), representative

overviews over mortality rates within the cattle population of a

country are rare (Pannwitz, 2015).  So far, no  studies have been

conducted to determine the mortality rates and risk factors in

the Estonian beef cattle population. Understanding risk factors for

increased mortality would help to  improve herd health by apply-

ing preventative measures. A prerequisite for planning detailed

risk factor studies is to  understand the population in  respect of

mortality epidemiology to identify animal groups with exceptional

mortality. As typical beef cattle herds are extensive cow-calf herds,

using national data would provide a representative overview of  the

mortality of the animals in these herds. Therefore, the objective of

this study was to describe on-farm mortality in Estonian beef cat-

tle and characterize this by animal cohorts. An additional purpose

was to characterize the causes of on-farm mortality according to

farmers’ opinions.

2. Materials and methods

2.1. Study population

The study included data from the Estonian cattle population

between 1st of January 2013 and 31st of  December 2014. The data

from all cattle present in the population at the beginning of the

study, imports and births of cattle during the study period, together

with animal exits, were collected from the Estonian Agricultural

Registers and Information Board (EARIB). For all animals, birth date,

breed and sex, and the individual number of the farm and its loca-

tion, were collected. The date and type of  exit  were also obtained

for all animals during the study period. Type of exit was registered

by  the EARIB into seven categories: unassisted death, slaughter,

euthanasia, export, animal lost, slaughter for diagnostic purposes

and slaughter to impede the spread of  infection. The definition of

a  beef cattle herd was based on the criterion that at least 75% of

animals present in a herd were of a beef breed. The event of inter-

est for the statistical analyses was  on-farm unassisted death and

euthanasia occurring during the study period.

The farmerı́s stated reason for exit, together with the date of

exit, is  registered by Estonian Livestock Performance Recording

Ltd (ELPR) in Estonia. In order to ascertain reasons for  mortality

events the corresponding data for the same two years time period

was requested for all animals under animal performance testing

programme. The latter is  a voluntary participation electronic data

collection system facilitating beef cattle farmers to monitor and

analyse the animal and herd level production data of their farm. The

study population included animals that were under performance

testing and  belonged to  beef cattle herds by the definition of this

study. Approximately 56% of suckler cows and  47% of youngstock

present in  the Estonian beef cattle population belonged to  the study

population in 2013 and 2014 (ELPR, 2014, 2015).

2.2. Editing of data

Seven pre-defined age categories were created: <3months, 3–6

months, 6–12 months, 12–18 months, 18–24 months, 24–36

months and ≥36 months. Six main breeds with substantial num-

bers of  recordings were included as separate breed categories:

Aberdeen Angus, Charolaise, Scottish Highland, Hereford, Limousin

and Simmental. Animals that  belonged to breeds infrequently rep-

resented (Estonian Holstein, Estonian Red, Brown Swiss, Aubrac,

Blonde d’Aquitaine, Belgian Blue, Dexter, Estonian Native, Gal-

loway, Jersey, Piedmontese and German Shorthorn) were compiled

into  one  breed category called “Other”. In EARIB register the breed

of an animal is defined according to  the breed of  the sire. Cross-

breed animals were not identified in  this  data. A variable ‘herd size’

was created based on  the number of animal-years on a farm per cal-

endar year, and quartiles were used to  create approximately equal

groups: <40, 40–99, 100–199 and ≥200 animal-years. A variable

‘region’ was  created from variable ‘county’ reflecting the location

of the herds, and Estonia was divided into four regions: Northeast,

Southeast, Southwest and Northwest Estonia. Location of  one farm

was not possible to identify thus creating missing values for  the

variable ‘region’ in the 84 animals from this herd.

In order to  unite the death events registered by the EARIB, and

reason for death recorded by ELPR, the two datasets were com-

bined. In the ELPR database farmers were allowed to record only

one reason for each exit event. However, one animal may  have

several exit  events and  therefore more than one reason for  exit

− e.g. the animal may  be moved to  a production herd (applica-

ble to  heifers) and/or sold in addition to the reason for the death

or  slaughter. Therefore dates of  exit events in  the EARIB and  ELPR

datasets were compared in  order to  define the reason for the mor-

tality event. A difference of  up to seven days was allowed between

the  dates of the two  datasets to occur in attributing a reason for

each mortality event. This was done to  account for Estonian farm-

ers obligation to  report to the EARIB all events related to animal

movements, deaths and slaughters within seven days (Riigi Teataja,

1999).  For ELPR the deadline for notifications is  longer and not

strictly specified whereas majority of the farmers insert the data

electronically directly to  the database. Farmers’ stated reasons for

mortality were analysed separately in four animal groups: cows,
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heifers (from birth to calving), young bulls (from birth to  breed-

ing) and breeding bulls. Reasons for cattle exit were categorised

into larger categories consisting of reasons with similar meaning.

In cows, the category ‘Claw/leg disorders’ included farmers’ stated

reasons of: ‘leg conformation flaws’, ‘leg traumas’, ‘leg disorders’.

The category ‘Infectious diseases’ included the stated reasons: ‘res-

piratory diseases’ and ‘infectious diseases’. The category ‘Metabolic

and digestive disorders’ included the stated reasons: ‘metabolic

disorders’, ‘puerperal paresis’ and ‘digestive disorders’. The cate-

gory ‘Fertility problems’ consisted of the stated reasons: ‘fertility

problems’, ‘gynaecological diseases’ and ‘abortion’; the category

‘Dystocia’ comprised the reason ‘dystocia’. The category ‘Trauma

and accident’ included the stated reasons: ‘accident’, ‘traumas of

udder and teats’, ‘other traumas’. Reasons given that  occurred in

low numbers (e.g. mastitis) and were not reasonably associated

with mortality events (e.g. animal sold, animal lost, moving to

production herd) were categorised as “unknown reason”. This last

category was combined with the reason ‘other’ that could be  regis-

tered by the farmers. Although the number of  reasons available in

the ELPR list was smaller for youngstock the classification principles

in this study were the same as given above for other ages.

2.3. Statistical analysis

To analyse risk factors associated with on-farm mortality events

Weibull proportional hazards models, with herd as a gamma  dis-

tributed shared frailty effect, were used. A parametric model was

preferred over semi-parametric Cox proportional hazard model

due to the large sample size, which is  not well managed in  Cox

regression model. Distribution of  the data for the parametric model

was chosen based on AIC and BIC values of the models with different

distributions. Weibull distribution was chosen for the parametric

survival models due smaller AIC and BIC values compared to  other

distributions and a good fit  of  the Weibull distribution for the data.

Models with gamma distributed frailty were compared with mod-

els including inverse Gaussian frailty according to  their AIC and  BIC

values and the former was  preferred due to smaller values of  the

information criteria. ‘County’ as a random effect, was not signif-

icant and therefore a more parsimonious model with ‘herd’ as a

random effect was preferred. In order to account for  left truncation

in the analyses the option ‘origin’ was defined as the birth date of  an

animal and ‘enter’ specified the date the animal entered the study,

when declaring data to be survival-time data (stset command in

Stata
®

) (Cain et al., 2011). The ‘enter’ date was (i) the 1st of January

2013 for animals that were present in a population on that date, (ii)

birth date for animals born during the study period and (iii) date

of  purchase for imported animals. Contribution of animal-risk time

was accounted from the start of the study period until failure, cen-

soring or the end of the study period. Animals that were exported or

slaughtered during the study period were regarded as censored in

survival analysis. In order to  retain observations starting and  end-

ing on the same day (27 observations) in the analyses one day was

added to exit dates for all observations.

The analyses were stratified according to  age groups into young

calves (<3 months), youngstock (3–18) and adults (>18 months),

because initial analyses indicated that the risks for on-farm mor-

tality were vastly different in these age groups, and were difficult

to accommodate in one model. The youngstock and  adult analy-

ses included several age categories, and age category was therefore

included in the model as a time-dependent covariate by using the

stsplit command in Stata
®

. The animal accumulated time at risk on

its age stratum until failure, censoring, or moving into the next age

category.

Due to the low number of predictor variables all  variables

were included into the multivariable model. Biologically significant

interactions were tested by adding an interaction term between

variables. When significant interactions were detected, a separate

variable with all  combinations of involved variables was  created.

To build a multivariable model a manual backward elimination

technique was  used. When excluding variables with  the Wald test

p-value >0.05 from the final model, the change of regression coef-

ficients was observed in order to detect confounding effects of  a

variable. A change in regression coefficients of more than 20%  and

the confounding nature of  the variable identified in a causal dia-

gram  were criteria for  confounders, giving a reason to retain the

variable in the final model. Likelihood ratio test for  nested models

and AIC values for  non-nested models were used to  compare the

models (Dohoo et al., 2009). The proportional hazard assumption

was evaluated by  visually inspecting log-cumulative hazard plots,

and the fit of  the models by visual examination of the plots of the

cumulative hazard versus Cox–Snell residuals (Dohoo et al., 2009).

In order to identify seasonal effects the data was further split at

the first day of  each month. For each  month the mortality rate was

calculated by using strate command in Stata
®

. In order to  detect sig-

nificant changes in the risk of on-farm mortality between adjacent

months a univariable Weibull proportional hazard model was  run

with month as a hierarchical predictor and farm as a shared frailty

effect.

All  statistical analyses were performed with Stata MP 14 (Stat-

aCorp, College Station, Texas, USA).

3. Results

3.1.  Descriptive statistics of the study population

The dataset contained 78,605 animal records from 1321 farms

for the two  years of the study period including 102,978 animal-

years. In total 1870 (2.38%) animals died unassisted, 329 animals

were  euthanized (0.42%), 13,521 (17.20%) were slaughtered, 8462

(10.77%) were exported, 658 (0.84%) were lost, one was  slaugh-

tered for diagnostic purposes and one was slaughtered to impede

the spread of infection. The remaining 53,763 (68.40%) animals sur-

vived  until the end of the study period and were right censored.

Including unassisted deaths and euthanasia’s (2199 in  total), the

on-farm mortality rate per 100 animal-years was  2.14 (95% confi-

dence interval (CI)  2.05; 2.23). Crude mortality rates together with

number of animals in each animal group according to breed, sex,

herd size and  region are provided in Supplementary Table 1.

Crude mortality rate estimates in  female and male cattle by age

group  are shown in Fig.  1.  The highest mortality rate (MR) was

found for calves up to  three months old, and  it was higher for

male calves compared to females (MR  = 7.78, 95% CI 6.97; 8.68 and

MR  = 6.21, 95% CI 5.49; 7.02 per 100 animal-years, respectively).

Among female animals the mortality rate was lowest during the

age  period from three to  six  months (MR = 1.09, 95% CI 0.81; 1.46).

In  general, the mortality rate remained below 1.5 per 100 animal-

years between three to 18 months of age. A significantly higher

mortality hazard was  confirmed for cows older than five years com-

pared to  four to  five year old cows (hazard rate ratio; HR = 1.56, 95%

CI 1.26; 1.93, p < 0.001). In males the mortality rate dropped after

three months of age and  was 1.24 (95% CI 0.94; 1.64) among ani-

mals from three to six months. In bulls six  to  12 months of age MR

increased to  1.95 (95% CI 1.64; 2.31) (Fig. 1).

3.2.  Risk factors for on-farm mortality

Results of the multivariable Weibull proportional hazard model

in the young calves are presented in Table 1.  Male calves had a

higher risk of on-farm death compared to  female calves (HR = 1.27,

95% CI 1.08; 1.50), and  calves from larger herds and from the North-

east  region had a higher risk of  mortality.
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Table 1
Risk factors for on-farm beef  calf (less than 3  months)  mortality as  identified in a  Weibull  proportional hazard random  effect model  evaluated in 35,121  calves from 1150

herds in Estonia.

Variable Category n MRa Hazard rate ratio

(HR)

95%  Confidence

interval of HR

Wald-test

P-value

Likelihood ratio

test P-value

Sex Female 17,574  6.21  1 0.005

Male 17,547  7.78  1.27  1.08; 1.50  0.005

Herd size

(animal-years)

<40  8430  3.33  1 <0.001

40–99  9651  3.56  1.16  0.76; 1.79  0.487

100–199  8082  8.73  2.53  1.56;  4.09  <0.001

≥200 8958 12.71  3.48  1.90;  6.37 <0.001

Regionb Northeast 6908  12.00 1 0.049

Southeast 5902  3.41  0.49 0.27; 0.90 0.021

Southwest 10,732  6.38  0.67 0.41; 1.09  0.108

Northwest 11,584  6.45  0.53 0.32; 0.87 0.012

Variance parameter for herd was  2.85  (95% CI 2.13;  3.82),  shape  parameter p  = 0.62,  scale parameter � = 0.00067048.
a Mortality rate (per  100  animal-years) in  each category.
b Northeast Estonia: Ida-Viru, Lääne-Viru, Jõgeva, Järva county;  Southeast Estonia: Tartu, Valga,  Võru,  Põlva county;  Southwest Estonia: Pärnu,  Viljandi, Saare county;

Northwest Estonia: Harju, Rapla, Lääne, Hiiu county.
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Fig.  1. Crude  mortality rate estimates in  female and  male cattle of Estonian beef herds by age group  (A  − females, B  − males).

*p < 0.05  and  ** p < 0.001  compared to preceding age  category in Weibull  proportional hazard model with farm frailty effect.

The interaction term between age category and  herd size was

significant in the youngstock model (Table 2, Fig. 2). In herds

with <40 and 100–199 animal-years the hazard of mortality was

significantly higher for 12–18 month old cattle compared to 3–6

months old animals (HR = 1.78, 95% CI  1.02; 3.10, p = 0.041 and

HR = 1.79, 95% CI 1.01; 3.18, p  = 0.047, respectively). In herds with

40–99 and ≥200 animals the hazard of mortality was lower in

12–18 months old age group compared to 6–12 months old ani-

mals (HR = 0.57, 95% CI 0.36; 0.89, p = 0.014 and HR = 0.58, 95% CI

0.42; 0.82, p = 0.002, respectively). Male cattle were at a higher risk

of mortality than females (HR = 1.33, 95% CI  1.11; 1.59). There were

no regional differences in mortality risk, but this variable behaved

as a confounder in the model and was therefore retained (Table 2).

According to the multivariable Weibull model for the beef cattle

over 18 months of age, the risk of  dying on-farm was significantly

higher in cattle over 60 months of age compared to the animals

18–24 months of age (HR = 1.35, 95% CI 1.11; 1.65). The mortal-

ity hazard was not significantly different between Hereford as a

reference group in the model and Charolaise, Scottish Highland,

Aberdeen Angus, Limousine and Simmental breed cattle. Beef cattle

breeds rarely represented or  dairy breeds (breed category ‘Other’)

had the highest mortality hazard (HR = 1.41 95% CI 1.11; 1.78) com-

pared to reference group Hereford. According to  herd size and sex

the  mortality hazard was lowest in bulls from herds with less than

100 animal-years. The mortality hazard did not differ significantly

between female cattle of different herd size categories (Table 3).

3.3. Seasonal distribution of  mortality rate

The highest mortality rate was  found between February to May

in  2013 and 2014 for all three age groups. The period with low-

est mortality was during the summer months, with a subsequent

gradual increase during the autumn months (Fig.  3).

3.4. Farmers stated reasons for on-farm mortality

The  reason for  on-farm mortality event was identified for 320

cows in  total, including 41 for  euthanasia and 279 unassisted death

events, where other/unknown reasons (29.1%) were the most com-

mon  reasons. The total proportion of euthanasia was 12.8%, and the

highest number of  euthanasia of  cows were due to  dystocia, trauma

and accident and  metabolic and digestive disorders. The median
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Table  2
Risk factors for on-farm beef young  stock (3–18  months  old) mortality as identified in a Weibull  proportional  hazard random  effect model  evaluated in 47,876 cattle from

1243 herds  in Estonia.

Variable Category Na,b MRc Hazard rate ratio

(HR)

95%  Confidence

interval of HR

Wald-test

P-value

Likelihood ratio

test P-value

Age  category x herd

size (animal-years)b

3–6  months,  <40  animals 8473  0.94 1  0.001

3–6 months,  40–99  animals  9820  1.07 1.23  0.64;  2.37  0.532

3–6 months,  100–199  animals 8024  0.87 0.91 0.43;  1.93  0.809

3–6 months,  ≥200  animals 8707  1.75  1.63  0.79;  3.38  0.189

6–12 months,  <40 animals 9747  1.08 1.19  0.67;  2.11 0.541

6–12 months,  40–99  animals 11,601  1.45  1.65  0.93;  2.94  0.089

6–12 months,  100–199  animals 9471  1.38  1.44  0.76;  2.72  0.259

6–12 months,  ≥200  animals 10,325  2.72  2.62  1.33;  5.18  0.005

12–18 months,  <40 animals 6837  1.56  1.78  1.02;  3.10  0.041

12–18 months,  40–99  animals 8296  0.83 0.94 0.50;  1.77  0.847

12–18 months,  100–199  animals 6930  1.51  1.63  0.86;  3.09 0.133

12–18 months,  ≥200  animals 7468  1.62  1.53  0.76;  3.11 0.237

Sexa Female 24,900  1.27  1  0.002

Male 22,976  1.64  1.33  1.11;  1.59  0.002

Regiona,d Northeast 9150  1.86  1  0.411

Southeast 8152  0.75 0.72 0.42;  1.24  0.240

Southwest 14,344  1.54  0.99 0.64;  1.53  0.972

Northwest 16,230  1.46  1.10  0.71;  1.69  0.681

Variance parameter for  herd was  2.03  (95%  CI  1.49;  2.78),  shape  parameter p  = 0.98,  scale parameter � = 0.00002543.
a Number  of animals  in each category.
b Number  of observations  in each category after splitting the  observations according  to age categories.
c Mortality rate (per 100  animal-years) in each category.
d Northeast Estonia: Ida-Viru, Lääne-Viru, Jõgeva, Järva county;  Southeast Estonia: Tartu, Valga, Võru, Põlva county; Southwest Estonia: Pärnu,  Viljandi, Saare county;

Northwest Estonia: Harju, Rapla, Lääne, Hiiu  county.

Table  3
Risk factors for  on-farm adult  beef cattle (over 18 months)  mortality in Weibull  proportional hazard random effect model evaluated in 49,950  cattle from 1214  herds  in

Estonia.

Variable Category nab %c HR 95%  CI  Wald  testi P-value Likelihood ratio test P-value

Age  categoryb 18–24  months  28,421  1.62  1 <0.001

24–36 months  21,585  1.85  1.18  0.96;  1.45  0.113

36–48  months 15,074  1.90  1.18  0.94;  1.47  0.146

48–60  months  11,670  1.47  0.88 0.68;  1.13  0.306

>60 months  15,010  2.11  1.35  1.11;  1.65  0.003

Breeda Hereford 12,955  1.73  1 0.004

Charolais 3298  1.58  0.86 0.59;  1.23  0.400

Scottish Higland  3520  1.46  0.74 0.52;  1.04  0.087

Aberdeen  Angus 11,111  1.73  1.09  0.88;  1.36  0.430

Limousin 10,002 2.06  1.05  0.84;  1.31  0.669

Simmental 4141  1.71  1.35  0.99;  1.85  0.057

Otherd 4923  2.74  1.41  1.11;  1.78  0.005

Herd size (animal-years) x

gendera

<100,  male 6286  0.92 1 0.001

≥100, male 5456  1.69  1.60  0.99;  2.58  0.054

<40, female 8201  1.64  1.74  1.18;  2.56  0.005

40–99,  female 10,631  1.97  2.15  1.48;  3.12  <0.001

100–199,  female 9552  1.90  2.20  1.44;  3.35  <0.001

≥200, female 9824  2.19  1.85  1.18;  2.90  0.007

Regiona,e Northeast 8891  1.62  1 0.004

Southeast 7582  1.13  0.70 0.48;  1.00  0.053

Southwest 15,717  2.18  1.14  0.85;  1.52  0.395

Northwest 17,760  2.01  1.24  0.92;  1.66  0.154

Variance parameter for  herd was  0.86  (95%  CI  0.66;  1.11),  shape  parameter p  = 0.86,  scale parameter � = 0.00004125.
a Number  of animals  in each category.
b Number  of observations  in each category after splitting the  observations according  to age categories.
c Mortality rate (per 100  animal-years) in each category.
d Other  breeds:  Estonian Holstein, Estonian Red,  Brows  Swiss, Aubrac, Blonde  d’Aquitaine, Belgian Blue,  Dexter, Estonian Native, Galloway, Jersey, Piemontese, German

Shorthorn.
e Northeast Estonia: Ida-Viru, Lääne-Viru, Jõgeva, Järva county;  Southeast Estonia: Tartu, Valga, Võru, Põlva county; Southwest Estonia: Pärnu,  Viljandi, Saare county;

Northwest Estonia: Harju, Rapla, Lääne, Hiiu  county.

age of cows dying on-farm was 71.2 months (quartiles; Q1: 48.3;

Q3:103.2) (Table 4).

The reason for on-farm mortality in heifers was identified for

501  cases (59 euthanasias and 442 unassisted deaths), and  the

proportion of euthanasia was 11.8%. The most commonly stated

reasons were trauma and accident (30.3%). Euthanasia was most

often carried out due to trauma and accident, other/unknown rea-

sons and fertility problems (Table 4).

Metabolic and digestive disorders were the most common

causes for on-farm mortality events among the 473  young bulls

with identified mortality events. The proportion of euthanasia

among young bulls was 8.5% and it occurred most  often due
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Fig.  2. Distribution of mortality rate in age categories by different herd  size in  three to 18 months  old  youngstock (A − herds  with <40,  B − 40–99,  C − 100–199,  D − ≥200

animal-years).

Comparison  between age categories within the  same herd  size  groups: a − 3–6,  b −  6–12,  c − 12–18  months. *p  < 0.05 between assigned categories in multivariable Weibull

model

to trauma and accident, metabolic and digestive disorders and

other/unknown reasons (Table 4).

Reason of death could be identified for 10 adult bulls, where

accident, reported in three animals, was the most common farmersı́

stated reason for death. (Table 4).

3.5. Modelling

The fit of the Weibull proportional hazard random effect models

was confirmed with the presence of a  unit exponential distribu-

tion expressed as a straight line in the plot of  Cox-Snell residuals

and cumulative hazard. Parallell curves for the predictor categories

were present in  the log-cumulative hazard plot, confirming that  the

proportional hazards assumption was  met (Dohoo et al., 2009).

4. Discussion

4.1. On-farm mortality

Survival analysis of mortality data stratified by age in this

study revealed a pattern very similar to that recently found

in both Germany (Pannwitz, 2015) and France (Perrin et al.,

2012). Calves <3months old had the highest mortality rates, which

declined considerably from then until rising among older animals.

In this study male cattle had a higher mortality risk than females
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Fig.  3. Seasonal  distribution of mortality rate among  three age groups  in Estonian beef herds: A  − calves younger  than three months,  B − youngstock  from three to 18 months,

C − cattle ≥18 months.

*p < 0.05  and  ** p < 0.001  compared to previous  month  in Weibull  proportional  hazards  model

up to 18 months of age. Nevertheless, when comparing the age-

stratified mortality rates found in the Estonian cattle population

with that of Germany (Pannwitz, 2015)  the mortality rates were

lower in Estonia among calves up to 6 months old, higher in  ani-

mals from 1 to 2 years old and relatively similar in  the other age

groups. A common reporting bias of  underreporting first week calf

deaths before they are ear-tagged was reported here and elsewhere

(Pannwitz, 2015), leading to  an underestimation of the apparent

mortality rate in the first age stratum. In this  study the on-farm

mortality rate was similar to  that found in  the French beef cattle

population (Perrin et al., 2012).

The mortality rate increased after 18 months of age in female

cattle and was stable up to four years of age. The mortality hazard

declined among cows aged four to  five years and increased after

that (Fig. 1). The lowest incidence of mortality in four year old beef

cattle and increasing mortality risk thereafter was  also found in a

study of Waldner et al. (2009). A typical reverse J-shaped pattern

of mortality rate over animalsı́ age as outlined in  previous stud-

ies (Perrin et al., 2012; Pannwitz, 2015), was found also here. In

this study the mortality of  male cattle formed a roughly L-shaped

distribution, with a small increase in the mortality rate in the age

category of 6–12 months. Due to spring-time seasonal calving of

beef cattle in Estonia the 6–12 month age group are those that expe-

rience adverse climatic conditions, by experiencing the first winter

period at that age. This group of  young bulls are mostly kept in  a

separate group, or are castrated if  separation is  not possible, and

the feed ration may  also be  different containing concentrate feeds

(Alar Onoper, personal communication, April 18, 2016). A signifi-

cantly higher mortality hazard was found for bulls over two  years of

age compared to  the 18–24 months age group. Older male cattle are

mostly used  for breeding and the higher hazard of mortality could

arise from increased risk of  injuries and  other disorders associated

with mating.

Comparing mortality estimates from different studies is com-

plicated due to  several reasons. First, studies of calf mortality in

cow-calf herds have mostly used mortality risk to express death

incidence (Bunter et al., 2013; Elghafghuf et al., 2014; Murray et al.,

2016). Secondly, most of the studies reported calf mortality in  the

preweaning period, which may differ in duration, and some stratify

into  shorter age bands. Studies are also difficult to  compare directly

due to  the fact that some of these included losses that occured dur-

ing the first 24 h after birth (Elghafghuf et al., 2014), whereas the

studies using registry data may miss the true  mortality cases occur-

ring during the first week of life  (Pannwitz, 2015).  We identified a

very small number of death events occurring during the first  week

of  life meaning that the true mortality rate for calves is probably

considerably higher. Also, population studies (Perrin et al., 2012;

Pannwitz, 2015) have not discriminated between extensive and

intensive beef production systems making comparison with our

study more difficult.
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Table 4
Descriptive statistics of farmerı́s  stated reasons for  on-farm mortality of Estonian beef cattle in 2013  and  2014.

Reason of exit n (total) (%) n (euthanasia) n (unassisted death) Median  age  in months (quartiles)

COWS

Claw/leg disorders 10  3.1  4 6 71.0 (65.4;  120.0)

Infectious diseases 9 2.8  1 8 51.0 (37.1;  80.1)

Metabolic and  digestive disorders 65 20.3 6 59 69.8 (52.0; 93.8)

Fertility problems  11 3.4  4 7 47.5 (39.0; 87.2)

Dystocia 42 13.1  11  31 49.2 (44.6; 95.5)

Trauma and  accident 90 28.1  10 80  76.6 (54.7; 108.1)

Other/unknown  reasons 93 29.1  5 88 78.2 (50.5; 108.5)

Total 320  100.0  41  279  71.2 (48.3; 103.2)

HEIFERSa

Claw/leg disorders 12 2.4  3 9 12.0 (4.1; 16.7)

Respiratory diseases 52 10.4 1 51 1.8  (0.5; 5.0)

Metabolic and  digestive disorders 142  28.3  2 140  1.6  (0.4; 10.0)

Fertility problems 13  2.6  6 7 33.3 (20.1; 36.8)

Trauma and  accident 152  30.3 30 122  9.2  (1.2;  24.9)

Other/unknown  reasons 130  26.0  17  113  8.5  (1.1;  26.5)

Total 501  100.0  59  442  6.1  (0.6; 22.4)

YOUNG BULLSb

Claw/leg disorders 18 3.8  2 16 16.1 (1.2; 32.7)

Respiratory and  infectious  diseases 70  14.8  2 68 1.7  (0.6; 5.0)

Metabolic and  digestive disorders 143  30.2 8 135  1.0 (0.4;  6.6)

Trauma  and  accident 136  28.8  19  117  3.3  (0.4; 12.6)

Other/unknown  reasons 106  22.4  5 91 1.1  (0.3; 11.5)

Total 473  100.0  40 433  1.7  (0.4; 9.6)

BULLS

Claw/leg disorders 2 20.0 2 0 27.2 (18.3; 36.2)

Respiratory diseases 1 10.0 0 1 24.8 (24.8; 24.8)

Metabolic and  digestive disorders 2 20.0 0 2 31.8 (27.1; 36.5)

Accident 3 30.0 1 2 83.8 (52.0; 99.1)

Other/unknown  reasons 2 20.0 0 2 65.7 (43.6; 87.8)

Total 10  100.0  3 7 40.0 (27.1;  87.8)

a Female cattle from birth to first calving.
b Male cattle from birth to first registered breeding  event.

4.2. Risk factors

A higher mortality for male calves and  young bulls compared

with females is in accordance with  previous studies conducted on

dairy and beef cattle populations, and is  explained by the higher

biological risk of mortality for  males (e.g higher birth weight and

concomitant risk of dystocia), as well as the lower market value of

male cattle (Bleul, 2011; Bähler et al., 2012; Raboisson et al., 2013;

Pannwitz, 2015). According to  Cusack et al. (2007) steers raised

in feedlots in Australia were slightly more likely to  die during the

feeding period than heifers. Young bulls are often kept in  a separate

group in Estonian beef herds, and different housing management

and feeding could contribute to  their higher mortality incidence

compared to heifers. The factors influencing the mortality of young

bulls should be addressed in future studies. In the present study

the effect of sex was dependent on herd size among cattle over 18

months of age. Bulls from herds with less than 100 animal-years had

significantly smaller hazard of  mortality compared to female cattle

and bulls from larger herds (borderline insignificant association).

According to farmerı́s stated reasons of mortality older males most

commonly died due to leg/claw disorders. It should be studied fur-

ther whether and how the incidence of  claw diseases is  influenced

by  herd size and discover the predisposing risk factors.

The mortality hazard in  calves and youngstock was  not differ-

ent across breeds, while significant differences in mortality hazard

over breed occured in cattle over 18 months of age. There was no

significant difference in mortality hazard between Charolaise, Scot-

tish Highland, Aberdeen Angus, Limousine and Simmental breed

cattle compared to the reference group Hereford. Cattle of infre-

quently represented beef breeds and dairy breeds emerged as

having considerably higher hazard of mortality. A significantly

higher mortality risk in milk breeds compared to  beef breeds has

also been reported in Germany (Pannwitz, 2015). Rarely repre-

sented beef breeds are relatively new in Estonia and farmers may

not have been able to adapt their farm environment and manage-

ment in compliance with the demands of those breeds. It is also

possible that those herds have recently started with farming which

could be a risk factor for higher incidence of diseases. Breed is

strongly clustered in herds meaning that herd chracteristics may

have substantial influence on  mortality level of specific breed.

Therefore further studies should include more herd level variables

in order to  provide explanation for the findings. A nondifferential

misclassification error might be present due to impossibility to  dis-

criminate between purebreed animals and cross-breeds in  EARIB

data diminishing the associations with ‘breed’. The associations

with breed should be validated with the ELPR data in  which the

breed definition is  more precise and well controlled.

According to previous studies (Rogers et al., 1985; Pannwitz,

2015)  larger herd size was  on average associated with increased

mortality rate. Contrasting results were found by Murray et al.

(2016), where greater herd size was associated with reduced calf

mortality, however the authors recognized that reporting bias

might have occurred in the study towards large herds, underes-

timating calf losses in this questionnaire survey. Herd size had  no

effect on perinatal calf mortality in a  study by Bleul (2011).  We con-

firmed a higher mortality hazard in  larger herds for  young calves

but in older young stock the association between herd size and

mortality hazard was  dependent on  age category and vice versa.

Among 6–12 months old animals the hazard of  mortality was high-

est in largest herds. The explanation may  be that in larger herds

individual attention given to animals is reduced. Significant differ-

ences in mortality hazard were found for different young stock age

groups in herds of  different size. As herd size is  a proxy for  several

management-related factors this should be studied further in order

to provide clear explanation for  the findings. For female cattle over

18  months of age the mortality risk was not different in  herds of
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different size. Most possibly the housing and feeding of pregnant

heifers and cows is relatively homogenous over herds of  different

size and animal level factors become decisive in determining the

mortality hazard.

Region acted as a confounder in our models, and the effect of

the main predictors was adjusted for  this. In addition, regional dif-

ferences were significant in  calves and over 18 month old cattle

models, indicating that animals in  the Southeast region had the

lowest mortality hazard. Earlier studies have found some regional

differences in mortality level (Rogers et al., 1985; Pannwitz, 2015).

The climatic conditions are relatively similar in  all regions of

Estonia, however animal husbandry and  management may differ

regionally influencing the hazard of failure.

According to the variance parameters of  the models, and the

significant frailty term, a  clustering of mortality at the herd level

was evident, which was also found previously (Rogers et al., 1985;

Tarrés et al., 2005; Elghafghuf et al., 2014). However, in this study,

small herds were included, meaning that high herd level clustering

may  in some part arise from the fact that extreme herd level mor-

tality could occur in very small herds, increasing the between-herd

variance. Raboisson et al. (2013) found high standard deviations for

dairy calf and heifer mortality rate estimates, and  demonstrated

that some farmers were able to  achieve relatively low calf mor-

tality, even in cohorts of animals known to  have a high biological

risk of mortality. Herd level clustering of mortality was highest in

the calf model, which is explained by the infectious aetiology that

could be attributed to calf deaths according to  the farmer’s opin-

ions. High between-herd variance and low  regional variance was

also reported in a Canadian calf mortality study (Elghafghuf et al.,

2014).

4.3. Seasonality

Calf mortality followed a seasonal pattern in  two  years data,

and was highest between January to  May  2013 and February to

April 2014. According to the available data, the number of calves

born was highest between March and June, in which 63% of  calves

were born in 2013 and 66% in 2014 (data not shown). Several stud-

ies have confirmed that beef calf mortality risk increases as births

accumulate (Tarrés et al., 2005; Raboisson et al., 2013; Elghafghuf

et  al., 2014), probably due to  higher competition for resources and

a  higher risk of exposure to infectious diseases (Larson and Tyler,

2005; Tarrés et al., 2005; Elghafghuf et al., 2014). The mortality rate

declined significantly in May  and June and remained lower until

the new calving season. It is  known that the hazard of mortality

among calves is highest if calving takes place in very cold weather

(Azzam et al., 1993; Elghafghuf et al., 2014; Murray et al., 2016).

The average monthly temperatures of 2013 and 2014 in Estonia

were −5.8 ◦C, −1.5 ◦C, −2.1 ◦C,  4.4 ◦C and 12.1 ◦C  from January to

May, respectively (Estonian Weather Service, 2016). Hahn (1981)

recommends a temperature range of  10–26 ◦C  for beef cattle and

it has been found that a U-shaped relationship occurs between the

temperature-humidity index and mortality (Morignat et al., 2015).

In order to increase the calf survival rate it is recommended to pro-

tect newborn calves from unfavourable climatic conditions (Hahn,

1981; Azzam et al., 1993) or time calving to later  in  spring (Azzam

et  al., 1993; Murray et al., 2016). Further studies should concentrate

on factors that affect calf losses in beef herds during the calving

season in order to offer better underpinned recommendations.

From this study it appears that calving season is also a high

risk period for older animals. According to  a Canadian study by

Waldner et al. (2009) the incidence of mortality was higher in  the

spring compared to that in other seasons for replacement heifers

and cows. Mortality rate also peaked in the month with  the high-

est number of calvings for cattle over two  years of age in  a French

study (Perrin et al., 2012).  In addition to adverse weather condi-

tions in  late winter and early spring, a higher number of susceptible

animals, lower immunity level and stress related to calving, and

crowding of animals, may  favour the spread of infectious diseases

which are risk factors for animals of all ages.

Although the seasonal trends were ascertained in this two  years

survival data, a time-series analysis covering longer time period

would be  needed to confirm the seasonality of mortality in Estonian

beef cattle.

4.4.  Reported reasons for  on-farm mortality

The most frequent reported reason for on-farm mortality among

cows belonged to the category ‘other/unknown reasons’ which is

consistent with that found in  dairy cattle (Thomsen and Houe,

2006; McConnel et al., 2009; Alvåsen et al., 2014). Studies have indi-

cated that farmers’ perception in  defining the cause of  death based

on antemortem histories can be incorrect in  nearly half of the cases

(McConnel et al., 2009; Thomsen et al., 2012)  and is even higher

in unassisted deaths events (Thomsen et al., 2004, 2012; McConnel

et al., 2009).  This may also reflect the uncertainty of the farmers in

determining the cause of  death and euthanasia. Euthanasias were

most often carried out due to dystocia, trauma and accident among

cows,  reflecting that it is  carried out in  cases of more severe and

hopeless conditions. Trauma and accident, as well as metabolic and

digestive disorders, were also common reasons for cow mortality in

the current study. According to  Waldner et al. (2009) approximately

25% of  the causes of death could be directly or indirectly attributed

to  feeding management in  adult cows and  replacement heifers.

Therefore, measures to reduce the incidence of injuries and ensur-

ing good feeding management would be important in preventing

deaths among cows.

The most commonly stated causes of pre-weaned calf mor-

tality in this study were metabolic and digestive disorders and

respiratory and infectious diseases. Common causes affecting the

mortality of young beef cattle have been identified previously

(Loneragan et al., 2001; Waldner, 2001; Bähler et al., 2012; Pardon

et  al., 2012).  In older youngstock, trauma and accidents dominated.

Half  of the deaths due  to metabolic and digestive disorders occurred

in the ages of 0.4 to 10 months in  heifers and young bulls (Table 4)

reflecting that  neonatal diarrhoea as well as parasitic pasture infec-

tions  may be the underlying causes for diseases and subsequent

death events. That the high proportion of calf and  youngstock

deaths were for  unknown reasons is  consistent with earlier studies

(Bunter et al., 2013).

There was  a low  number of  mortality events in adult bulls, mak-

ing it  difficult to draw conclusions.

Of  all the dead animals, 15% were euthanized, which is consid-

erably lower than the 55.3% and 58% reported for  dairy cows by

McConnel et al. (2009) and Thomsen et al. (2004).  Supervision and

individual contacts between farmer and beef cattle is not as fre-

quent as with dairy cows. Due to that severe disease conditions

may  remain unnoticed in beef herds leading to  higher proportion

of unassisted deaths. In EARIB farmers can  select between ‘death’

and ‘emergency slaughter’ when reporting mortality cases. After

questioning the animal registry and few farmers it  appeared that

there might be  some misunderstanding about the term ‘emergency

slaughter’ and farmers prefer to  report euthanized animals as ‘dead’

in the registry. Therefore low proportion of  euthanasias identified

in  this study may  partly considered a reporting bias. The main rea-

sons for the unassisted deaths differed from those of assisted deaths

which is in line with other studies of dairy cow mortality (Thomsen

et al., 2004, 2012; McConnel et al., 2009).

The study population used for identifying reasons for on-farm

death included farms that participated in animal performance test-

ing.  These are herds which have or aim to keep  mostly purebreed

cattle. Also, we may  assume that participating farmers are better
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motivated and ambitious compared to  non-participating farmers.

The identified mortality causes can  therefore not be extrapolated to

the whole population but mainly to  farms with better management.

5.  Conclusions

This study found the on-farm mortality of  cattle in Estonian

cow-calf herds comparable to that reported in  other beef cattle pop-

ulations. This study highlights the need to  improve beef calf health

primarily during first months of life. The most critical period occurs

during the calving season when the mortality risk was  highest for

animals of all ages. This information is relevant for farmers, who

should employ more effective measures during that time in order

to ensure good health and welfare of their animals. More effective

measures to combat respiratory diseases and  digestive tract dis-

orders in calves could improve their health and reduce mortality.

Older animals should be protected against injuries and  metabolic

and digestive disorders. As beef cattle farms are expanding, and

a  higher mortality risk was found in larger farms for several age

groups, contemporary research is  needed to  identify factors that

influence mortality and could be easily managed to  improve cattle

welfare.
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A B S T R A C T

Mortality (unassisted death and euthanasia) reflects the health and welfare state of the cows and is associated
with undesirable financial consequences for the farmer. The objective of this retrospective observational study
was to identify risk factors associated with on-farm mortality in dairy cows. Data for a study period between
January 1, 2013 and December 31, 2015 were retrieved from the Estonian Agricultural Registers and
Information Board and Estonian Livestock Performance Recording, Ltd. Cows from milk-recording herds
with≥20 cow-years were included. Analyses included data of 86,459 primiparous cows from 409 herds and
109,314 multiparous cows from 410 herds. Cows were followed from the day of calving until exit from the herd
due to on-farm death or euthanasia (defined as mortality), slaughter, or selling. Associations between risk factors
and mortality were assessed using Weibull proportional hazard models.

The mortality rate (MR) was lower in primiparous cows (MR=5.09 per 100 animal-years, 95% confidence
interval [CI] 4.93; 5.26) compared to multiparous cows (MR=8.28 per 100 animal-years, 95% CI 8.13; 8.44).
The early lactation period was associated with greater mortality hazard.

Animal-level factors significantly associated with higher mortality hazard in primiparous and multiparous
cows were Holstein breed, older age at first calving, having an assisted calving or stillborn calf. In multiparous
cows, male sex of the calf, birth of twins/triplets, older parity, longer previous inter-calving interval and milk
somatic cell count over 200,000 cells/ml at the last test-milking of the previous lactation were associated with
greater mortality hazard. Lower milk yield, somatic cell count over 200,000 cells/ml and fat/protein ratio over
1.5 at first test-milking were associated with greater mortality hazard during the lactation.

Cow mortality risk was greater in larger herds, in herds with lower cow conception rate and poorer longevity
of cows. Also, lower herd average milk fat/protein ratio and decreasing herd size (for multiparous cows) as well
as Northeast region were herd level risk factors.

This study outlines the importance of herd management and good health of the cows at dry-off and during
early lactation and ensuring easy calving to reduce mortality of cows.

1. Introduction

On-farm mortality (unassisted death and euthanasia) is a premature
loss of an animal and an undesirable event affecting the economic ef-
ficiency of the farm. Mortality should be discriminated from ‘culling’
which is defined as removal of a live cow from the farm for immediate
slaughter (Compton et al., 2017). High on-farm mortality indicates
compromised animal health and welfare status (Raboisson et al., 2011).
Increasing dairy cattle mortality has been reported in many countries
(Raboisson et al., 2011; Alvåsen et al., 2014; Compton et al., 2017)
simultaneously with intensification of dairy production.

Previous studies have identified several herd- and animal-level risk
factors associated with on-farm dairy cow mortality. Larger herd size,

Holstein breed herds, no summer grazing, increased proportion of
purchased cows, lower herd milk yield and longer herd average calving
interval in addition to regional differences were herd-level factors as-
sociated with greater on-farm mortality in dairy cows (Raboisson et al.,
2011; Alvåsen et al., 2012). Animal-level risk factors associated with
on-farm mortality were higher milk somatic cell count, Holstein breed,
longer calving interval, dystocia, older age at first calving, and older
parity according to previous studies (Alvåsen et al., 2014; Pannwitz,
2015). The first published research about dairy cattle mortality in Es-
tonia confirmed the mortality rate to be roughly comparable to that
found in other countries (Reimus et al., 2017). According to the Esto-
nian national cattle registry data, Holstein breed, age over 36 months,
Northeast region and herd size over 400 animal-years were associated

https://doi.org/10.1016/j.prevetmed.2018.04.006
Received 16 November 2017; Received in revised form 9 April 2018; Accepted 9 April 2018

⁎ Corresponding author.
E-mail addresses: kaari.reimus@emu.ee (K. Reimus), Toomas.Orro@emu.ee (T. Orro), Ulf.Emanuelson@slu.se (U. Emanuelson), Arvo.Viltrop@emu.ee (A. Viltrop),

Kerli.Motus@emu.ee (K. Mõtus).



with greater mortality hazard in adult dairy cattle (Reimus et al., 2017).
Risk factors confirmed in that study stratify the population into cohorts
based on mortality risk differences, but in order to provide re-
commendations to lower mortality of dairy cows, more detailed re-
search is needed. Approximately 95% of Estonian dairy cows are allo-
cated into animal recording system collecting animal and herd-level
information that could be easily used to find associations between
several recorded factors and cow mortality risk.

The Estonian dairy cattle population is an example of an intensive,
modern, and high-yielding dairy production. Estonian dairy cattle
farms are relatively large in size. According to the data of Estonian
Livestock Performance Recording Ltd., almost 72% of dairy cows were
kept in herds with more than 100 cows in 2016 (Estonian Agricultural
Registers and Information Board, 2016). The national average milk
yield per cow per year has been over 8000 kg during the last five years,
reaching over 9000 kg in 2016 (Estonian Animal Recording Yearbook
2016). Revealing risk factors for mortality in dairy cows in these ‘future’
herds would provide valuable information that could be used to prevent
morbidity and mortality and improve cow welfare.

The aim of this study was to identify animal- and herd-level factors
recorded in the milk recording register associated with on-farm mor-
tality (unassisted death and euthanasia) in Estonian dairy cows.

2. Materials and methods

2.1. Study population

Data about all dairy cattle participating in the voluntary milk re-
cording system with herd size of≥20 cow-years during the study
period from January 1, 2013 to December 31, 2015 was retrieved from
the Estonian Livestock Performance Recording, Ltd. (called “milk re-
cording register” hereinafter). Data from the Estonian Agricultural
Registers and Information Board (government agency responsible for
animal data collection in Estonia, referred as “animal register” here-
inafter) was collected to retrieve information about the mortality events
in these animals. In the milk recording register, an animal can have
multiple exit events (e.g., heifers moving to production herd, selling to
another herd in addition to death or slaughter). An exit event in the
animal registry could be either of the following: death on farm, eu-
thanasia, selling/export, slaughter, diagnostic slaughter, slaughter/
killing to prevent disease spread and animal lost. In order to attribute a
mortality event provided by the animal registry with each exit event
reported in the milk recording register, these two datasets were joined
based on the animals’ individual number and exit dates. Farmers are
obligated by the law to report the births, movements, and exit of ani-
mals to the animal register within seven days (Riigi Teataja, 1999). In
the milk recording register, the requirements for the notifications are
not strictly specified, usually this information is forwarded by the
farmers once a month after the monthly milk-testing. Due to the dif-
ferences in reporting requirements between these two registers, a dif-
ference up to seven days in dates of the two datasets was allowed when
uniting a failure event of the animal register with the exit event of the
milk recording register.

2.2. Datasets

Separate datasets were composed for primiparous and multiparous
cows. The cow´s lactation was the unit in the analysis and the follow-up
period started from calving and lasted until the next parturition, failure
or right censoring. In total, the datasets included all lactations of all
cows participating in milk recording registers between years 2013 and
2015 meeting the criteria of herd size. For every cow it´s birth date,
data about the birth farm and the farm the animal was located in,
calving and exit dates, breed, conception method, parity, sex of the calf,
presence of assisted calving, stillbirth or abortion, production data of
the last test-milking of the previous lactation and first test-milking of

the ongoing lactation (date of test-milking, milk yield, milk fat, protein
and urea content, fat/protein ratio, somatic cell count and milking
method), age at first calving, number of inseminations per conception,
length of the previous inter-calving interval, calving to conception in-
terval at previous lactation, and length of the last dry period were
obtained. Also, summarized herd-level data were requested separately
for the three study years: number of cows, number of primiparous cows,
number of stillbirths and abortions, herd averages for milk yield per
cow per year, milk fat and protein content, milk somatic cell count and
urea levels, age at first calving, averages of the length of calving in-
terval, length of dry period, interval from calving to insemination,
calving to conception interval, number of inseminations per conception,
first insemination conception rate, number of lactations, age at first
insemination in heifers, and also location of the herd.

2.3. Data editing

The datasets contained 19 and 26 duplicated observations for pri-
miparous and multiparous cows, respectively. Comparing the birth-
dates of cows between the datasets of animal registry and milk re-
cording registry we identified 90 and 225 mismatches for primiparous
and multiparous cows, respectively. The duplicate data rows and ob-
servations with mismatching birthdates were excluded. Some animals
had a relatively young or old age at first calving. Age at first calving
under 15 months and over 60 months were considered as biologically
not feasible and therefore interpreted as recording errors and set to
missing. This resulted in missing values for 25 observations in primi-
parous and 19 observations in multiparous cattle datasets. The final
dataset used for statistical analyses included 86,459 primiparous cows
from 409 herds and 177,712 lactations of 109,314 multiparous cows
from 410 herds.

The variable “Calf” included categories female calf, male calf, twin
or triplet, and the “missing” category including stillbirths and abor-
tions. Two breed categories were created: Estonian Holstein vs.
Estonian Red and Estonian Native breed. The two latter breeds were
compiled into one category due to a low number of Estonian Native
breed cows in the datasets. Counties were compiled into four regions:
Northeast, Southeast, Southwest, and Northwest region. Variable
“Season at calving” included four categories: winter
(December–February), spring (March–May), summer (June–August)
and autumn (September–November). The variable “Change of herd
size” was created by determining categories based on the change of
number of cow-years from 2013 to 2015. The categories were herds
with no considerable change in the number of cow-years (+/− 5%),
moderate decrease (−5 to −15%), heavy decrease (over −15%),
moderate increase (5%–15%) and heavy increase (over 15%).

Continuous variables associated with first test-milking were cate-
gorized if a biological threshold for discriminating normal from pa-
thological condition was present. The following cow level variables
were thus dichotomized: “Milk somatic cell count” in the level of
200,000 cells/ml (Bradley and Green, 2005), “Milk fat/protein ratio” in
1.5 (Heuer et al., 1999) and “Milk urea content” in 19mg/dl (Butler
et al., 1996). Variable “Milk yield” was used as a continuous variable.
For the herd-level production and reproduction data, three-year
averages were calculated.

2.4. Statistical analyses

Statistical analyses identifying risk factors for mortality were con-
ducted on the lactation level and the observation period lasted from one
calving to another parturition. As the data was requested for all lacta-
tions reported to the milk recording register between January 1, 2013
and December 31, 2015, some lactations started before the start of the
observation period. Left truncation of the data was taken into account
in the analysis by specifying the beginning of the observation period
(Cain et al., 2011). For this the ‘start’ date was specified as January 1,
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2013 for the lactations that started before that date when declaring the
data to be survival data (‘stset’ command in Stata). The date of purchase
for purchased cows and calving date for cows calving during the study
period initiated the observation period. The observation period lasted
until the failure event of interest (unassisted death or euthanasia) or
right censoring (next calving, selling, slaughter or end of the study
period). To avoid exclusion of the observations starting and ending on
the same day, half a day was added to exit dates for all observations.
Since multiparous cows could have more than one lactation during the
study period, the registry number of an animal was specified as the ‘id’
option on the stset command and ‘cow’ as a random effect was offered to
multiparous cow model. The mortality rate together with its 95%
Confidence Intervals were estimated by using ‘strate’ command in Stata,
which tabulates failure rates and rate ratios.

Weibull proportional hazard models with herd as the gamma dis-
tributed frailty effect were composed to detect associations between
risk factors and mortality. A parametric survival model was preferred
over a semi-parametric model due to ability to manage large datasets in
the Stata MP 14 program (StataCorp LP, College Station, USA).
Different distributions (exponential, Gompertz, loglogistic, Weibull and
lognormal) of the parametric survival models were compared, and
Weibull distribution was chosen based on Akaike´s and Bayesian
Information Criteria (AIC and BIC, respectively) values.

An univariable Weibull proportional hazard model with herd
random effect, including a single predictor variable determining the
parity of an animal (primiparous versus multiparous), was conducted to
compare the hazard of mortality in these two groups of cows. A Kaplan-
Meier survival curve was also created to compare the survival prob-
ability of primiparous and multiparous cows by using ‘sts graph’ com-
mand in Stata.

Separate datasets for primiparous and multiparous cows were used
to detect associations between risk factors and mortality due to use of
different sets of variables for these two groups of cows. Causal diagrams
were composed for primiparous and multiparous cow mortality ana-
lyses to detect causal associations between variables and identify pos-
sible confounding and intervening variables. Main confounders ac-
cording to the causal diagrams were “Herd size”, “Calving year” and
“Region”. A variance inflation factor value larger than 10 indicated a
significant collinearity between predictor variables (Dohoo et al., 2009)
and only one of the collinear variables was considered for further
analyses in such cases. Univariable random effect (herd as a random
effect) Weibull models were used to detect univariable associations
between variables and mortality hazard. Variables with p < 0.25 were
included in the multivariable analysis. Manual backward elimination
was used to exclude statistically insignificant (p > 0.05) variables
from the multivariable model. Due to the large dataset and the high
power of the study, associations with p-values within the range of
0.001–0.05 in the final multivariable model were considered as in-
dicative. To detect confounding effects of the variables, the change of
regression coefficients was observed after removing the variable.
Change of regression coefficients of > 20% of the remaining variables
in the model indicated confounding effect and the variable was retained
in the model (Dohoo et al., 2009). To ascertain whether the association
between a continuous predictor and hazard ratio was log-linear, cen-
tered linear and centered linear square terms of the continuous pre-
dictors were inserted in the model. Biologically plausible interactions
were also tested, and a separate variable, including categories of two-
way combinations of the variables with significant interaction, was
generated. The variable “Abortion in previous lactation” was kept in the
multivariable model of multiparous cows because it had influence on
the length of the previous calving interval. The variable “Assisted cal-
ving” had a time-dependent effect, which was a reason for splitting the
data into two periods on the seventh day post-calving using the ‘stsplit’
command. After that, an interaction variable was generated for “As-
sisted calving” and “Period”.

Separate model was conducted for analyzing the associations

between the first test-milk results and consecutive mortality hazard
during the lactation. For that, observations that were left censored
before the first test-milking (cows that were culled, sold or dead) and
cows that did not have any records of the first test-milking (probably
sick cows) were excluded from the analyses. The observation period
started from the day of first test-milking and lasted until the parturition,
failure or right censoring. The model included “Milk yield”, “Milk fat/
protein ratio”, “Milk urea level”, “Milk somatic cell count” and “Milking
method” as predictors in addition to confounders (“Days in milk”,
“Breed”, “Parity”, “Herd average number of cows”, “Herd average milk
yield”, “Calving year”, “Change of herd size” and “Region”).

Fit of the models was evaluated visually from the plots of the cu-
mulative hazard versus Cox-Snell residuals. Proportional hazard as-
sumption was evaluated by visual inspection of log-cumulative hazard
plots (Dohoo et al., 2009).

All statistical analyses were performed using STATA MP version 14
(StataCorp LP, College Station, USA).

3. Results

3.1. Descriptive statistics

In total, 86,459 primiparous cows were included in the study.
During the study period, 3669 (4.2%) primiparous cows died, and the
mortality rate (MR) was MR=5.09 per 100 cow-years (95% confidence
interval [CI] 4.93; 5.26). Out of the 109,314 multiparous cows included
in the study, 11,016 (10.1%) of the cows died, resulting in an
MR=8.28 per 100 cow-years (95% CI 8.13; 8.44). The mortality ha-
zard was significantly greater in multiparous cows compared to pri-
miparous cows according to the univariable random-effect Weibull
model (hazard rate ratio (HR)=1.67, 95% CI 1.61; 1.73, p < 0.001).
According to the Kaplan-Meier survival curve the greater mortality
hazard in multiparous cows compared to primiparous cows was the
result of different survival probabilities during the first month of lac-
tation. After that period, the survival probability was comparable for
primiparous and multiparous cows (Fig. 1).

The median time to death in primiparous cows was 57.5 (quartiles
14.5–250.5) days post-calving. In total, 1431 (39%) of the deaths oc-
curred during the first 30 days of lactation in primiparous cows. In
multiparous cows, the median time from calving to death was 35.5
(quartiles 8.5–150.5) days, and 5218 (47.4%) of the failures occurred
during the first month after calving (Fig. 2).

3.2. Animal-level risk factors for dairy cow mortality

Descriptive statistics and results of the univariable Weibull pro-
portional hazard model detecting significant associations between po-
tential risk factors and mortality are given in Supplementary Tables S1A
and S1B for continuous and categorical variables, respectively.

Results of the multivariable risk factor analysis detecting risk factors
for cow mortality during the lactation are provided in Tables 1 and 2 for
primiparous and multiparous cows, respectively. The fit of the final
multivariable Weibull models was evaluated visually in the plots of the
cumulative hazard versus Cox-Snell residuals, and no significant aber-
rations were confirmed. Proportional hazard assumption was also
confirmed by visual inspection of log-cumulative hazard plots (Dohoo
et al., 2009). In the multiparous cow dataset, the model with two
random effects did not converge, and the final model included the
clustering effect of the herd only. Variables “Calf” and “Stillbirth” were
mutually exclusive because the variable “Calf” included observations
that had stillborn calves. Therefore, these variables were not included
in the model simultaneously.

The mortality hazard was lower for Estonian Red and Estonian
Native breed cows compiled into one breed category compared to
Estonian Holstein breed cows. Older age at first calving was associated
with a greater mortality hazard. A time-dependent effect of assisted
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Fig. 1. Kaplan-Meier curve for survival probability in primiparous and multiparous cows from the day of calving up to 600 days post calving in 86,459 primiparous
and 109,314 multiparous cows observed between January 1, 2013 to December 31, 2015 in Estonian dairy herds.

Fig. 2. Number of deaths from calving to next calving/right censoring in 86,459 primiparous and 109,314 multiparous cows observed between January 1, 2013 to
December 31, 2015 in Estonian dairy herds.
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calving was present for the mortality hazard for primiparous and
multiparous cows. Cows that had assisted calving had a significantly
higher mortality hazard up to seven days post-calving compared to
cows that did not have assisted calving. Also, having a stillbirth was
associated with greater mortality risk in primiparous and multiparous
cows (Table 1 and 2).

In multiparous cows, having a male calf or twins/triplets compared
to singleton live female calves resulted in a greater mortality hazard.
Cows with a milk somatic cell count over 200,000 per ml at last test-
milking before dry-off acquired considerably higher risk to die during
the consequent lactation than cows having SCC below that threshold
(Table 2).

Other animal-level variables significant in multivariable risk factor
model of multiparous cows were longer previous inter-calving interval
and older parity. Also, calving year had influence of cow survival
(Table 2).

Results of the multivariable analysis including cows that had data of
the first test-milking and detecting the association between first test-
milk results and mortality during the lactation are provided in Table 3.
Higher milk yield at first test-milking was a protective factor for mor-
tality, however the association with mortality hazard was curvilinear.
Milk somatic cell count over 200,000 per ml was associated with a
higher mortality hazard compared to cows with lower level of SCC.
Milk fat/protein ratio over 1.5 at first test-milking was associated with
greater mortality hazard (Table 3).

3.3. Herd-level risk factors for dairy cow mortality

Larger number of cows in the herd was associated with a greater
mortality hazard in primiparous and multiparous cows and the asso-
ciation was curvilinear (Table 1 and 2). Primiparous cows had sig-
nificantly higher mortality risk when the herd size decreased within the
three study years (Table 1). Cows milked by a robot at first test-milking
had significantly lower risk to die compared to cows milked twice a day
(Table 3). Higher herd average milk fat/protein ratio was negatively
associated with multiparous cow mortality hazard (Table 2). A

protective effect for cow mortality occurred when the herd average
number of lactations was higher and herd average number of in-
seminations was smaller. Also, Northeast region was associated with
the highest mortality hazard (Tables 1 and 2).

4. Discussion

4.1. Animal-level risk factors

The period with the greatest mortality risk for on-farm deaths oc-
curred during the first 30 days post-calving, whereas multiparous cows
had considerably lower survival probability compared to primiparous
cows. According to the model results, the mortality risk increased sig-
nificantly from the third parity and onwards. These results are in con-
cordance with previous studies (Miller et al., 2008; McConnel et al.,
2009; Raboisson et al., 2011; Alvåsen et al., 2014). During the early
lactation period, cows undergo tremendous metabolic and endocrine
changes related to calving and start of lactation (Shahid et al., 2015)
and due to these changes, cows are more susceptible to diseases. Ne-
gative energy balance associated with the early lactation period is
known to be associated with an increased risk of morbidity in dairy
cows (Østergaard and Sørensen, 1998). Previous research has shown
that there is a higher incidence of several diseases in older cows (Gröhn
et al., 1998), whereas the majority of those diseases, e.g., milk fever,
retained placenta, metritis, displacement of the abomasum, and ketosis
are associated with calving and the early postpartum period, which
explains the higher mortality hazard during the early lactation stage
and greater mortality hazard in older cows.

Holstein breed cows had a greater mortality hazard found also in
previous studies (Alvåsen et al., 2012; Shahid et al., 2015). Estonian
Holstein breed cows have a higher milk yield compared to Estonian Red
and Native breed cows (Estonian Animal Recording Yearbook 2016),
and thus they might have a higher demand for good management and
feeding and be more susceptible to production-related diseases (Nyman
et al., 2007; Persson Waller et al., 2009).

Among calving-related factors, the presence of assisted calving,

Table 1
Results of multivariable random-effect Weibull model for risk factors of mortality in 85,884 primiparous dairy cows (herds n= 390).

Variable Category na,b Hazard Rate Ratio 95% Confidence Intervals

Animal-level variables
Assisted calving x periodb No 139,742 1

Yes,< 7 days 15,425 3.87 3.34; 4.49
Yes,> 7 days 19,950 1.28 1.16; 1.41

Stillbirtha No 75,909 1
Yes 9,975 1.65 1.51; 1.80

Age at first calving (months) 1.05 1.04; 1.06
Breeda Estonian Holstein 70,601 1

Estonian Red and Estonian Native 15,283 0.68 0.59; 0.78
Herd-level variables
Herd average number of cows (centered) (one unit change is 20 cows) 1.01 1.005; 1.015
Square term of herd average number of cows (centered) 0.9998 0.9996; 0.9999
Herd average number of lactations 0.61 0.48; 0.78
Herd average number of inseminations per conceptions 1.35 1.12; 1.63
Regiona,c Northeast 36,694 1

Southeast 17,257 0.71 0.59; 0.85
Southwest 19,134 0.65 0.54; 0.78
Northwest 12,799 0.75 0.62; 0.90

Change of herd size from 2013 to 2015a No change (+/−5%) 39,177 1
Decrease >5–15% 12,917 1.34 1.08; 1.65
Decrease >15% 8,511 1.64 1.31; 2.04
Increase > 5–15% 13,601 0.94 0.77; 1.17
Increase > 15% 11,678 1.03 0.81; 1.31

Shape parameter p= 0.615.
a number of cows in each category.
b number of observations in each category after splitting the observations in 7th day post-calving.
c Northeast Estonia: Ida-Viru, Lääne-Viru, Jõgeva, Järva county; Southeast Estonia: Tartu, Valga, Võru, Põlva county; Southwest Estonia: Pärnu, Viljandi, Saare

county; Northwest Estonia: Harju, Rapla, Lääne, Hiiu county.
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stillbirth/abortion and having twins/triplets were associated with
greater mortality hazard. Similar results have been found previously
(Alvåsen et al., 2014; Shahid et al., 2015). Calving-related problems
were found to be associated with increased risk of developing retained
placenta, metritis, and displaced abomasum, which also increase the
risk of mortality (Goff and Horst, 1997).

Older age at first calving was associated with greater mortality
hazard both for primiparous and multiparous cows. Heifers calving at
older age might be overconditioned and thus be more prone to ex-
perience dystocia (Ettema and Santos, 2004) being a risk factor for
mortality. On the other hand, suffering health disorders during
youngstock period might cause lower growth rate postponing the first
calving which might have a long-term effect to survival (Heinrichs
et al., 2005). Still, this hypothesis needs to be tested in future studies.

Longer previous inter-calving interval was associated with greater
mortality hazard in multiparous cows, which was in agreement with
earlier studies (McConnel et al., 2008; Raboisson et al., 2011). A long
calving interval might indicate deeper negative energy balance and/or
disease in early post-partum period delaying the conception, and the
observed association could be explained if there is a repeatability of
post-partum diseases in cows over lactations. Further, cows that are
overconditioned before the next parturition, which may be a con-
sequence of a long calving interval, have increased risk of developing
post-partum diseases (Rukkwamsuk et al., 1999).

Higher milk yield at first test-milking was associated with lower
mortality hazard during the lactation period. Similar associations were
found in previous studies (Thomsen et al., 2006; Miller et al., 2008;
Alvåsen et al., 2014). High milk yield during the early lactation period
indicates a good health of cows with concomitant lower mortality. Still,
the association between milk yield and mortality hazard was not linear
meaning that the protective effect of high milk yield to mortality is
waning among cows with highest milk yields. We suggest that very high
producing cows might be also in threat to experience metabolic diseases
due to excessive use of body reserved during negative energy balance
period (Leslie et al., 2004).

Somatic cell count above 200,000 per ml of milk at first test-milking
of the ongoing lactation and at last test-milking of the previous lacta-
tion in multiparous cows were associated with a greater mortality ha-
zard during the lactation. The cut-off of 200,000 cells/ml is used to
indicate the presence of subclinical mastitis (Bradley and Green, 2005).
Increased somatic cell count is known to be associated with clinical
mastitis cases (Oliveira et al., 2015) and presence of clinical mastitis
exposes cows to a greater risk of mortality according to Cha et al.
(2013).

Milk fat/protein ratio over 1.5 during the early post-partum period
is known to be associated with increased energy deficiency of the cow
(Heuer et al., 1999; Toni et al., 2011) and with a greater risk for de-
velopment of ketosis, displaced abomasum, ovarian cysts, lameness,

Table 2
Results of multivariable random-effect Weibull model for risk factors of mortality in 108,398 multiparous dairy cows (herds n=389).

Variable Category na,b,c Hazard Rate Ratio 95% Confidence Intervals

Animal-level variables
Assisted calving x periodc No 240,957 1

Yes,< 7 days 13,756 3.75 3.39; 4.14
Yes,> 7 days 8,710 1.12 1.04; 1.22

Calving yearb 2013 57,451 1
2014 59,530 0.79 0.75; 0.82
2015 59,034 0.35 0.33; 0.37

Calfb Female 76,004 1
Male 83,038 1.06 1.01; 1.10
Twins/triplets 9,536 1.60 1.49; 1.72
Stillbirth/abortion 7,437 1.33 1.23; 1.45

Milk somatic cell count at last test-milking in previous lactation (*1000/ml)b < 200 95,529 1
≥200 77,875 1.05 1.01; 1.10
Missing 2,611 1.08 0.94; 1.24

Length of previous inter-calving interval (days) 1.001 1.0008; 1.0012
Abortion in previous lactationb No 175,170 1

Yes 845 1.15 0.93; 1.43
Age at first calving (months) 1.01 1.00; 1.01
Breeda Estonian Holstein 86,428 1

Estonian Red and Estonian Native 21,970 0.78 0.72; 0.84
Parityb Second 66,949 1

Third 46,806 1.37 1.30; 1.45
Fourth 29,936 1.62 1.53; 1.71
Fifth 17,127 1.77 1.66; 1.89
Sixth 8,674 1.71 1.57; 1.86
≥Seventh 6,523 1.75 1.59; 1.93

Herd-level variables
Herd average number of cows (centered) (one unit change is 20 cows) 1.01 1.0; 1.02
Square term of herd average number of cows (centered) 0.9998 0.9997; 0.9999
Herd average milk fat/protein ratio 0.14 0.05; 0.39
Herd average number of lactations (centered) 0.63 0.49; 0.79
Square term of herd average number of lactation (centered) 1.26 1.10; 1.45
Herd average number of inseminations per conceptions 1.49 1.25; 1.76
Regiona,d Northeast 43,589 1

Southeast 23,148 0.75 0.64; 0.88
Southwest 24,961 0.65 0.56; 0.76
Northwest 16,700 0.87 0.74; 1.03

Shape parameter p= 0.616.
a number of cows in each category.
b number of observations in each category.
c number of observations in each category after splitting the observations in 7th day post-calving.
d Northeast Estonia: Ida-Viru, Lääne-Viru, Jõgeva, Järva county; Southeast Estonia: Tartu, Valga, Võru, Põlva county; Southwest Estonia: Pärnu, Viljandi, Saare

county; Northwest Estonia: Harju, Rapla, Lääne, Hiiu county.
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and mastitis (Heuer et al., 1999). Higher milk fat/protein ratio was
associated with a greater mortality hazard of cows in our study and
agrees with the study of Shahid et al. (2015). Therefore, we recommend
to pay attention to factors that lower the risk of a cow to suffer deep
post-partum negative energy balance in order to reduce metabolic
disorders and mortality of cows.

4.2. Herd-level risk factors

Mortality hazard in cows was greater in larger herds, and this as-
sociation has been reported in several previous studies (Thomsen et al.,
2006; McConnel et al., 2008; Shahid et al., 2015). Larger herds might
have different housing conditions, feeding and management compared
to smaller herds, and individual attention for animals is lower. Also,
according to the authors’ knowledge grazing lactating dairy cows in
large free-stall barns is not common in Estonia, and zerograzing is
known to be a risk factor for cow mortality (Thomsen et al., 2006).
However, more targeted studies are needed to explain the causative
factors for mortality reflected in herd size.

Decrease in herd size was associated with greater mortality hazard
in primiparous cows. During the study years the overall number of cows
in Estonia decreased (Estonian Animal Recording Yearbook 2013,
2015) due to decline of milk prices in global market. Some of those
herds might have aimed to cease the production and not put that much
effort on cattle health and preventive herd health measures creating
unfavorable conditions for cows.

Cow mortality hazard was lowest when milked in automatic sys-
tems. Farms with robot milking system differ from farms with milking
parlours and tie-stalls in many aspects. Robot milking system registers
online cow level data which could be used to discover sick cows faster.
Also, the automatic milking system allows individual milking frequency
and individual supplementation of concentrates based on the cows´
milk yield and stage of lactation. Due to possibility for individual

concentrate feeding cows are less often regrouped in farms with auto-
matic milking system causing less environmental and social stress.
Absence of the waiting time before milking in robot farms allows cows
to dedicate more time to feeding and resting compared to that in other
systems.

Indices representing poor herd-level production and reproduction,
e.g., low herd average number of lactations and greater average number
of inseminations per conception, were associated with an increased cow
mortality hazard. All these parameters reflect the overall performance
of the herd and are mostly the result of herd management practices.

Contrary to individual cow level association, higher herd average
milk fat/protein ratio was a protective factor for mortality in multi-
parous dairy cows. On herd level, decreased milk fat content is often
interpreted as an indication of subacute rumen acidosis (SARA). Milk
fat/protein ratio is decreasing in cows in case of SARA (Krause and
Oetzel, 2005; Danscher et al., 2015) but many other factors (e.g.
composition of feed ratio, lactation stage and breed) affect milk fat
percentage (Enemark, 2008). Therefore, we cannot strongly associate
the finding with cow nutrition and increased SARA risk and are not able
to provide sound explanation for the association between herd milk fat/
protein ratio and mortality.

We found some yearly and regional differences in the risk of dairy
cattle mortality seen also in our previous study (Reimus et al., 2017).
These variables may include other factors not estimated directly in this
study; therefore, we decided to control “Calving year” and “Region” in
the models as confounders.

4.3. Validity and limitations of the study

The present study included data of all dairy cows enrolled in the
milk recording scheme in herds with at least 20 cow-years. We revealed
that the cow mortality rate in this study was comparable to that found
in our previous study, which included the total population of Estonian

Table 3
Results of multivariable random-effect Weibull model for risk factors of mortality in 232,651 lactations of 140,996 dairy cows (herds n= 410).

Variable Category na,b Hazard Rate Ratio 95% Confidence Intervals

Animal-level variables
Days in milk at first test-milking 1.0008 0.998; 1.003
Milk yield at first test-milking (centered) (kg) 0.971 0.968; 0.973
Square term of milk yield at first test-milking (centered) 1.0015 1.0013; 1.0016
Milk fat/protein ratio at first test-milkingb < 1.5 181,687 1

≥1.5 50,964 1.54 1.47; 1.62
Milk somatic cell count at first test-milking (*1000/ml)b < 200 174,534 1

≥200 58,117 1.10 1.04; 1.15
Breeda Estonian Holstein 113,327 1

Estonian Red and Estonian Native 27,669 0.61 0.55; 0.67
Parityb First 77,531 1

Second 60,747 1.51 1.41; 1.61
Third 41,303 1.93 1.80; 2.07
Fourth 25,828 2.28 2.12; 2.46
Fifth 14,408 2.51 2.30; 2.75
Sixth 7,337 2.40 2.12; 2.71
≥Seventh 5,497 2.75 2.40; 3.15

Herd-level variables
Milking method at first test-milkingb Milking twice a day 163,181 1

Milking three times a day 41,797 0.91 0.80; 1.04
Robot milking 27,673 0.75 0.66; 0.85

Herd average number of cows (centered) (one unit change is 20 cows) 1.021 1.015; 1.027
Square term of herd average number of cows (centered) 0.9995 0.9993; 0.9996
Regiona,c Northeast 57,388 1

Southeast 29,444 0.69 0.57; 0.84
Southwest 33,041 0.52 0.43; 0.62
Northwest 21,123 0.70 0.58; 0.86

Shape parameter p= 0.872.
a number of cows in each category.
b number of observations in each category.
c Northeast Estonia: Ida-Viru, Lääne-Viru, Jõgeva, Järva county; Southeast Estonia: Tartu, Valga, Võru, Põlva county; Southwest Estonia: Pärnu, Viljandi, Saare

county; Northwest Estonia: Harju, Rapla, Lääne, Hiiu county.
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dairy cows (Reimus et al., 2017). Still, the results of the present study
should only be extrapolated to commercial dairy herds with moderate
to large size.

Because of the obligation of farmers to report to the animal registry
all births, imports, and exits together with a type of exit (slaughter,
death or selling), we consider these animal registry data to be reliable
to be used in mortality studies. In terms of animals’ exit dates, the
animal registry and milk recording registry communicate through cross-
checks and inquiries about mismatching data reports. Lactation data
collected by the milk recording register can still include some in-
accuracy. For example, an increase in the number of deaths occurred
around one year after parturition (Fig. 2). As reporting calving dates to
milk recording register is not compulsory, the date of calving of those
cows that died close to new parturition might have remained un-
reported, reflected as an increase of mortality events around one year
after calving.

A small number of cows had very long lactations (Fig. 2), which
might not be correct due to unreported new calving events to the milk
recording register. These observations were not right censored to avoid
arbitrarily distorting the data. Further, it would have been difficult to
choose a certain day of lactation for censoring.

5. Conclusions

This study has identified several risk factors associated with on-farm
mortality in primiparous and multiparous dairy cows. Cow-level risk
factors for mortality were mainly related to calving and health status
around calving. Based on these results, it is important to ensure good
health of cows at dry-off and during early lactation and to ensure easy
calving to reduce on-farm cow mortality. Cow mortality hazard was
associated with poorer herd performance indicators, implying that poor
management leads to increased cow mortality risk. After accounting for
individual animal effects, the herd effects did not strongly influence
individual cow mortality hazard. Therefore, further studies including
more information about farm characteristics, management, and animal
handling are needed to understand the impact of these factors on cow
mortality.
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Herd-level risk factors for cow and calf 
on-farm mortality in Estonian dairy herds
Kaari Reimus1* , Karin Alvåsen2, Ulf Emanuelson2, Arvo Viltrop1 and Kerli Mõtus1

Abstract 

Background: On-farm mortality (unassisted death and euthanasia) is the unwanted loss of animals, and it comes 

with negative economic consequences. On-farm mortality rates reflect a herd’s animal welfare status. The objec-

tive of this historical longitudinal single cohort study was to identify the associations between herd characteristics, 

animal housing conditions and management routines and within-herd calf and cow mortality rates in participat-

ing Estonian dairy herds. All farmers enrolled in the voluntary production recording system with a herd size of 20 or 

greater cow-years in 2015–2017 were contacted by mail or telephone between October 2017 and March 2018. The 

survey included questions about management routines and housing conditions of calves up to 3 months of age and 

of cows. In total, 214 completed questionnaires were returned, corresponding to a 63.3% response rate. The within-

herd mortality rate of calves (aged 21–90 days) and cows (cattle over 24 months of age) in years 2017–2018 were 

calculated and used as outcome variables. Negative binomial and linear regression models were applied for risk factor 

analysis in calf and cow datasets, respectively.

Results: The median within-herd mortality rate for calves aged 21 to 90 days was 0.15 per 100 calf-months (quar-

tiles 0.00; 0.36). The median within-herd mortality rate for cattle over 24 months of age was 4.57 per 100 cow-years 

(quartiles 2.44; 6.86). Factors significantly associated with increased mortality of calves were larger herd size, higher 

proportion of stillbirths and abortions in a herd, prophylactic administration of vitamins to all calves and housing pre-

weaned calves in single pens only compared with housing in both single and group pens. Also, farmers who attended 

more frequent trainings had higher calf mortality rates. Calving in a group pen or in a tie-stall compared with calving 

in multiple systems was associated with higher calf mortality rates. Higher cow mortality rates were present in herds 

that had a higher proportion of stillbirths and on farms where employees handled cows. Housing cows in free-stall 

barns, grazing cows and more frequent hoof trimming were protective for cow on-farm mortality.

Conclusions: This study identified the importance of housing conditions for on-farm cow and calf mortality rates. 

Our study results suggest that providing good care might ensure better health and welfare of dairy cows and calves.
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Background

On-farm mortality (unassisted death and euthanasia) is 

an unexpected and undesirable loss of an animal. Nega-

tive economic consequences resulting from the death 

of a cow include loss of production (including potential 

lifetime milk yield, meat and future offspring), possible 

treatment expenditures, and cost of waste management 

in addition to indirect costs (e.g., investments in labour, 

housing, feeds and veterinary expenses). On dairy farms, 

heifers are reared mostly for replacement [1]. Therefore, 

the death of young stock deteriorates the future poten-

tial of a dairy herd due to delayed genetic progress, lower 

chances for voluntary culling of lactating cows, increased 

cost of replacement and limited possibilities to earn 
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income from the sale of surplus heifers [2]. Increased 

on-farm mortality is associated with deteriorated animal 

health and welfare [3, 4] and, therefore, is an ethical issue 

of public concern. It has been shown that herds with high 

calf mortality use antimicrobials more frequently [5], 

and there is an association between antimicrobial resist-

ance and calf mortality [6]. A trend toward increased 

dairy cattle mortality has been reported in several coun-

tries [7–10]. Although there are no studies evaluating 

the long-term trends of dairy cattle mortality in Estonia, 

recent data indicate that on-farm mortality rates (MRs) 

in the Estonian dairy cattle population have increased. 

The overall on-farm MR of Estonian dairy cattle was 6.95 

[95% confidence interval (CI) 6.87; 7.04] per 100 animal-

years during 2013 and 2014 [11], whereas the MR in 2018 

was 7.59 (95% CI 7.45; 7.72) per 100 animal-years [12].

Due to an increased global demand for milk products 

and need to optimise costs of production, there is a pres-

sure toward intensification of dairy farm operations [13]. 

In 2017, there were 86,409 dairy cows in Estonia kept 

in 1566 herds. Of these herds, 84.1% had a herd size of 

fewer than 50 cows but constituted only 9.3% of the total 

Estonian dairy cow population. Although the median 

herd size of Estonian dairy herds is relatively small, 85.2% 

of the dairy cows were kept in herds with more than 100 

cows [12]. In general, Estonian dairy cows are high yield-

ing: the national average milk yield per cow per year has 

been over 9000 kg during the last 3 years [14], taking the 

second place in the European Union [15].

Previous studies have identified herd-level risk fac-

tors related to dairy cow on-farm mortality. Thus, larger 

herd size, increased percentage of stillbirths, higher 

somatic cell count, increased herd calving interval, lower 

herd milk yield, no summer grazing, feeding total mixed 

ration, increased proportion of purchased cows, herd 

not vaccinated for endemic bovine infectious diseases, 

increased proportions of dairy cows with clinical mastitis 

and infertility problems as well as increased incidence of 

lameness and injuries among removed cows are examples 

of factors shown to be associated with dairy cow on-farm 

mortality [9, 16–18]. Unfortunately, not many studies 

have aimed to analyse how factors related to cows’ daily 

routines and environment are associated with on-farm 

cow mortality. Still, it has been confirmed that manage-

ment and housing conditions of cows influence their 

health and well-being as reflected in on-farm mortality 

[19].

Several studies have investigated herd-level factors 

associated with calf mortality. Some examples of the fac-

tors identified as important in the context of calf mor-

tality are herd size, characteristics of the calving pen or 

area, calf housing system and group size, shorter milk 

feeding period, length of period a calf spends in a calving 

pen, approach to bovine herpesvirus 1 and bovine viral 

diarrhoea virus control as well as farmers’ mindset [20–

24]. Still, parallel to the intensification of the dairy pro-

duction, calf-rearing practices have probably changed 

and, thus, more up-to-date studies focusing on finding 

risk factors associated with calf management and rearing 

conditions to mortality are needed.

Numerous studies have arrived at the conclusion that 

on-farm mortality has a high between-herd variation 

[11, 25, 26], indicating that dairy cattle health and wel-

fare vary heavily across herds and it would therefore be 

worthwhile to analyse the differences in their manage-

ment systems. Identifying herd-level risk factors for on-

farm mortality is highly relevant for many stakeholders 

such as farmers, veterinary advisors and authorities, and 

of great value especially for larger herds where interven-

tion can positively affect a larger number of animals. 

As shown in previous studies, the two most vulnerable 

groups of cattle in terms of mortality are young calves 

and adult cows [11, 27, 28]. Therefore, the aim of the 

present study was to determine herd characteristics and 

management routines associated with dairy calf and cow 

on-farm mortality.

Methods

Study population
The study population included all Estonian dairy herds 

that had 20 or greater cow-years from 2015 to 2017 and 

that participated in the voluntary milk recording system. 

The list of herds that met the herd size criteria (n = 338) 

was retrieved from the Estonian Livestock Performance 

Recording Ltd. (national milk recording centre includ-

ing ~ 95% of all dairy cows in Estonia, hereafter called the 

“milk recording register”).

Questionnaires
A questionnaire was developed to collect data about herd 

characteristics, animal housing and management rou-

tines that were hypothesised to be associated with dairy 

calf and cow on-farm mortality. The questionnaire con-

sisted of three parts. The first part included questions 

about the farm in general (name and identification num-

ber of the farm, respondent’s name, position and years 

of working experience with dairy cattle). The respond-

ents were asked to specify the identification number 

of the farm to which the given answers were related in 

case the farm had more than one farm unit. The second 

part of the questionnaire included questions about cow 

management, housing conditions and calving manage-

ment. The third part included questions about housing 

conditions and management routines related to calves 

up to 3  months of age. The respondents were asked to 

specify any large changes in animal housing conditions or 
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management routines during the last 4 years. Altogether, 

the questionnaire included 46 multiple-choice questions 

and 3 open-ended questions. The questionnaire was pre-

tested in three dairy farms to identify any questions that 

might be misunderstood or lacking any answer catego-

ries, before it was distributed.

The questionnaires were mailed to the 338 farmers in 

October 2017 by the milk recording register, together 

with the monthly milk test results. The questionnaire 

had a cover letter that introduced the aim of the study 

and specified that the person eligible for responding was 

the owner of the farm, the manager or another person 

involved with the daily handling of animals. The farm 

managers were also informed about their anonymity dur-

ing the data processing and presentation of results. A 

pre-stamped and addressed envelope was also included 

to facilitate the return of the completed questionnaire. A 

reminder postcard was sent to all farmers in December 

2017. The farms that had not returned the questionnaire 

were contacted by phone between February and March 

2018. Two pre-trained persons, whose interviewing 

technique had been standardised, conducted all phone 

interviews, strictly following the format of the printed 

questionnaire so that there was a similar understanding 

of the questionnaire by those who responded by mail and 

those who answered the questions by phone.

Data editing
Answers to the postal questionnaires and the question-

naires completed by phone interview were entered to the 

online survey tool Connect (https ://en.conne ct.ee/). All 

the answers were then exported from the online survey 

tool to Excel format. If some response categories had a 

low number of answers, they were re-categorised or 

merged into meaningful categories when possible.

Herd size and herd performance data (herd milk yield 

averages, milk fat/protein ratio, milk somatic cell count, 

milk urea level, age at first calving, calving interval, 

length of dry period, calving to first insemination and 

calving to conception interval, herd average number of 

inseminations per conception, first insemination concep-

tion rate, proportion of stillbirths and abortions, herd 

number of lactations and age at first insemination) were 

retrieved from the milk recording register for years 2015 

to 2017. Three-year averages were calculated for these 

data to lower the impact of exceptional years and were 

used as continuous variables in the statistical analyses. 

Animal register data were used to calculate the within-

herd MRs. Due to the possibility that one farm might 

have more than one animal keeping unit/facility, the ani-

mal records were extracted for the farm unit stated by the 

respondent. This ensured that the calculated MRs could 

be associated with the questionnaire data of the identical 

farm unit.

To calculate herd-level MRs for cows and calves, ani-

mal-level data from the selected herds was extracted 

from the Estonian Agricultural Registers and Information 

Board (government agency responsible for animal data 

collection in Estonia, hereafter referred to as “Animal 

Registry”) database for the years 2017 and 2018. Farm-

ers are obliged by law to report the movements and exits 

(death on farm, euthanasia, slaughter, disappearance, 

selling) of cattle to the Animal Registry within 7  days 

[29]. Farmers have to ear tag calves within 20 days after 

birth [29]. Registry data might therefore miss deaths that 

occur during the first 3 weeks of age, since farmers could 

report calves not yet ear tagged as stillborn. The MR for 

young calves was therefore calculated for calves aged 21 

to 90 days to remove possible bias resulting from unre-

ported calf deaths and make risk factor analysis sounder. 

A “cow” is generally defined as a female dairy animal that 

has calved at least once, but the date of first calving was 

not available in the data. The definition of a “cow” in the 

present study was therefore a female animal of 24 months 

or older, which is roughly the lowest quartile of the age at 

first calving of Estonian dairy cows [30]. For calculating 

the MR, the numerator included the number of deaths 

(unassisted death and euthanasia) and the denomina-

tor included the number of cow-days in the farm unit 

belonging to the respective age group. The observation 

period for individual animals started on January 1, 2017 

for animals that were in the farm unit at that date and 

met the age class requirements (age 21–90  days and at 

least 24  months in calf and cow datasets, respectively). 

The dataset continuously recruited all observations that 

qualified to be included in the respective animal classes 

during the study period. The observation period for 

imported animals started at the date of import. The con-

tribution of animal risk-time was accounted until mortal-

ity (unassisted death or euthanasia), censoring (slaughter, 

selling, exporting, animal lost or for calves since the age 

of 90 days) or until the end of the study period.

Statistical analyses
The statistical analyses identifying risk factors for mortal-

ity were conducted separately for calves and cows. Based 

on the distribution of the MRs over the years of 2017 

and 2018 (Fig.  1), negative binomial regression analysis 

(‘nbreg’ command in Stata ®) and linear regression anal-

ysis (‘reg’) were used for modelling risk factors in calves 

and cows, respectively. In the negative binomial model, 

the number of death events over the years between 2017 

and 2018 was the outcome variable, and the total num-

ber of calf-months during the respective 2-year period 

was the exposure that was specified as the “exp” option. 
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In the linear regression model, the outcome variable was 

the average MR of cattle over 24 months of age between 

2017 and 2018. To meet the assumption of normality 

of the residuals of the linear regression model, a square 

root transformation was applied for the average cow MR 

over the years of 2017 and 2018. The overall principle of 

model building was common for both models. At first, 

a causal diagram was created to identify a causal path-

way between variables and detect possible confounders. 

According to that, herd size, type of production, housing 

system, milking system and region were considered as 

possible confounders. Since the majority of the explana-

tory variables were plausibly and statistically confounded 

by herd size, we included “number of cows” to the models 

when screening for unconditional associations between 

predictor and outcome variables. A threshold p-value of 

0.2 was chosen for detecting potential risk factors to be 

included into the multivariable models. After that, col-

linearity between the predictor variables was assessed 

with a variance inflation factor, where a value larger than 

10 was considered to indicate a significant collinearity 

between predictor variables [31]. No significant collin-

earity was detected between variables considered as can-

didates for the multivariable model. Manual backward 

elimination was used to exclude statistically non-signifi-

cant (p > 0.05) variables from the multivariable model. To 

detect confounding effects of the variables, change of the 

magnitude of the regression coefficients was observed 

after removing the variable. A change in the regression 

coefficients of greater than 20% in any of the remaining 

variables in the model indicated a confounding effect, 

and the variable was retained in the model [31]. In the 

model for dairy cows, ‘herd size’ and ‘housing system’ 

had a confounding effect. Linear associations between 

continuous predictor and outcome variables were tested 

by adding a centred linear and centred square term to 

the model. In case the square term was non-significant, 

the association between the continuous predictor vari-

able and the outcome was considered linear. In the mul-

tivariable models, ‘way of responding to questionnaire’ 

was included to account for its possible effect. This vari-

able was, however, not included in the final multivariable 

models due to lack of effect on the regression coefficients. 

Biologically plausible interactions between variables were 

tested by adding an interaction term between two vari-

ables. Also, interactions were tested between the variable 

“herd size” (dichotomised at the median value of herd 

number of cows) and all other predictors in the model. 

Fig. 1 Distribution of within-herd calf (21–90 days of age) and cow mortality rates over years 2017 to 2018 in 212 responding herds in Estonia
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In the cow model, two interactions (“herd size” and “han-

dling animals” as well as “herd size” and “herd average 

proportion of stillbirths”) were significant. As the model 

with interaction between “herd size” and “herd average 

proportion of stillbirths” had lower Akaike information 

criterion (AIC) and Bayesian information criterion (BIC) 

values, it was considered better and is presented as the 

final model. To analyse pairwise associations between 

all categories of the variables, the reference category was 

changed. A “margins” command applying a square trans-

formation in response option “expression” was used to 

obtain predicted mean values of the model estimates of 

the linear regression model with square root transformed 

outcome variable.

Diagnostics of the negative binomial regression model 

included checking for overdispersion, as well as identi-

fying observations with poor fit and high influence. Dis-

tribution of the residuals of the final multivariable linear 

regression model was checked graphically. No problems 

in overall fit of the models were identified.

Representativeness of the whole population of the 

study herds in terms of herd size and county was assessed 

by using descriptive statistics. Statistical analyses were 

performed with Stata MP14 (StataCorp, College Station, 

TX, USA).

Results

Study herds
By the end of April 2018, a total of 214 responses were 

received (127 by mail and 87 by calling). Farms that 

changed production from dairy to beef in 2018 were 

not considered eligible in the analyses. Due to that, two 

farms were excluded from the analysis. The final datasets 

for calves and cows included 212 farms (usable response 

rate, 62.7%). In total, 145,920 and 148,323 individual calf 

and 79,767 and 80,691 cow records were used to calculate 

the on-farm MR for the study farms in years 2017 and 

2018, respectively. The smallest herd size category (herds 

with < 50 cows) was somewhat underrepresented in this 

study (Fig. 2). The distribution of responding herds based 

on location (on a county level) compared to all dairy 

herds in the study population was similar (Fig. 3).

The distribution of MRs for calves aged 21 to 90 days 

and cows for years 2017–2018 are provided in Fig. 1. The 

median of the MR for calves aged 21 to 90 days was 0.15 

per 100 calf-months (quartile (Q) 1 = 0.00 and Q3 = 0.36). 

Among the study herds, 66 (31.1%) of the farms had no 

mortality events among calves aged 21 to 90 days occur-

ring over the study period, and in 7 farms the MR was 

higher than 1 death per 100 calf-months. The median of 

the MR for cows was 4.57 per 100 cow-years (Q1 = 2.44 

and Q3 = 6.86) (Fig. 1).

Risk factors associated with calf mortality rate
All variables that were tested as risk factors for calf mor-

tality are presented in Additional files 1 and 2 for cate-

gorical and continuous variables, respectively, providing 

descriptive statistics and unconditional associations with 

herd on-farm MRs. Variables tested in the multivari-

able negative binomial regression model are presented in 

Table 1.
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Results from the final multivariable negative bino-

mial regression model for calf mortality are presented in 

Table 2. The MR was higher in herds with larger propor-

tion of abortions and stillbirths (p < 0.001). Management 

routines associated with higher calf MRs were prophy-

lactic administration of vitamins to all calves (p = 0.012) 

compared with no administration and housing pre-

weaned calves greater than 2 weeks of age in single pens 

only compared with housing in both single and group 

pens (p = 0.023). Larger herd size was associated with 

higher MR (p = 0.005), but the association was not lin-

ear. Calvings in multiple places compared with calvings 

restricted to group pens only was associated with lower 

MR (p = 0.008). Farmers that attended trainings two to 

three times during the last 4  years had increased risk 

of higher on-farm MRs of calves compared with those 

that attended trainings only once (incidence rate ratio 

(IRR) = 1.91, 95% CI 1.30; 2.81, p = 0.001). Farms located 

in the southeast part of the country had lower calf MRs 

(p = 0.013) compared with the northeast region (Table 2).

Risk factors associated with cow mortality rate
Descriptive statistics and unconditional associations with 

cow MRs of all tested variables are presented in Addi-

tional files 3 and 4 for categorical and continuous vari-

ables, respectively. Variables that were considered to be 

candidates in the multivariable linear regression model 

for cow MR are presented in Tables 3 and 4 for continu-

ous and categorical variables, respectively.

According to the multivariable linear regression analy-

sis, zero-grazing farms had higher cow MRs compared 

with farms that graze their cows (p = 0.034). In addi-

tion, grazing only dry cows was associated with signifi-

cantly higher on-farm mortality hazard compared with 

farms that grazed all cows (the mean predicted on-farm 

MRs according to the linear regression model were 

5.92, 95% CI 4.72; 7.11 and 3.34, 95% CI 2.57; 4.11 per 

100 cow-years, respectively, p = 0.001). Farms that used 

only employed labour had higher cow MRs (MR = 5.17, 

95% CI 4.61; 5.73) compared with farms that did not use 

employees (MR = 2.71, 95% CI 1.98; 3.45, p < 0.001). In 

general, farms that performed prophylactic hoof trim-

ming (MR = 3.54, 95% CI 2.93; 4.16 in farms conduct-

ing hoof trimming once a year) had better cow survival 

rates compared with farms in which no prophylactic hoof 

trimming was applied within the last 4 years (MR = 5.86, 

95% CI 4.58; 7.13, p < 0.001). Farms that housed their 

cows in free stalls had significantly lower MRs compared 

with farms that house in tie stalls (MR = 3.90, 95% CI 

3.45; 4.35 and MR = 5.41, 95% CI 4.42; 6.40, respectively, 

p = 0.011). The negative effect of high stillbirth rate was 

present only in smaller farms (< 130 cows) (p < 0.001). 

Among larger herds (> 130 cows), the effect of the still-

birth rate was insignificant (p = 0.092). In addition, the 

highest risk of cow mortality occurred in herds located 

in northeast Estonia (MR = 5.95, 95% CI 5.12; 6.78, 

p < 0.001). Farms that had a higher average number of 

lactations experienced a lower mortality risk (p = 0.020) 
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Table 1 Descriptive statistics and  unconditional associations of  variables selected as  candidates for  multivariable 

model for within-herd calf (aged 21–90 days) mortality rate in years 2017–2018 in 212 Estonian dairy herds estimated 

in negative binomial regression model

Variable Continuous Categorical n Within-
herd  MRa

p-valueb

Median (Q1; Q3) Categories

Herd size (number of cows) 129.7 (53.7; 459.7) 212 0.015

Herd average milk yield per cow per year (kg) 8787 (6950; 9758) 212 0.132

Herd proportion of stillbirths (%) 7.5 (5.6; 9.5) 212 0.018

Herd proportion of abortions (%) 0.8 (0; 1.6) 212  < 0.001

Herd  typec Dairy herd 199 0.26 0.035

Mixed herd 13 0.09

Proportion of Holstein breed cows  < 90% 89 0.20 0.160

 > 90% 119 0.28

Missing 4 0.35

Regiond Northeast 59 0.29 0.402

Southeast 44 0.19

Southwest 71 0.26

Northwest 38 0.22

Farmer attending trainings within the last 4 years Once 49 0.15 0.002

2–3 times 108 0.33

More than 3 times 31 0.22

No 24 0.14

Place of calving Group pen 69 0.32 0.024

Individual pen 41 0.26

Tiestall 84 0.21

Combined or  otherf 16 0.07

Missing 2 NEe

Time of feeding the first colostrum (hours after 

birth)

0.5 22 0.19 0.149

1 87 0.23

2 69 0.33

3 17 0.19

 ≥ 4 12 0.14

Calf drinks by itself 3 NEe

As soon as possible 2 NEe

Disinfecting navel cord No 68 0.21 0.070

Sometimes 51 0.17

Always (in more than 95% of calves) 93 0.32

Prophylactic administration of vitamins to calves No 64 0.22 0.101

Sometimes 70 0.21

Yes (in more than 95% of calves) 78 0.31

Housing of preweaned calves > 2 weeks of age Group pen 170 0.27 0.007

Single pen 18 0.18

Single and group pen 23 0.11

Missing 1 NEe

Disinfection of pens of calves aged < 1 month No 39 0.09 0.002

Wet disinfectants 54 0.32

Dry disinfectants 77 0.27

Wet and dry desinfectants 41 0.28

Missing 3 0.29

Frequency of milk feeding per day during first 

month of life

Two times 175 0.24 0.141

Three times 22 0.21

Automatic milk feeder and other 15 0.42
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Table 1 (continued)

Variable Continuous Categorical n Within-
herd  MRa

p-valueb

Median (Q1; Q3) Categories

Antibiotics administered to calves with diarrhoea No 87 0.17 0.019

Yes 125 0.30

Way of responding to questionnaire Postal 127 0.24 0.667

Phone 85 0.26

a Within-herd mortality rate of calves in years 2017 to 2018 (per 100 calf-months)
b Estimated in bivariable negative binomial regression models including herd number of cows
c Dairy herd—at least 75% of cattle were of dairy breed; mixed herd – more than 25% of cattle were of beef breed
d Northeast Estonia: Ida-Viru, Lääne-Viru, Jõgeva, Järva county; Southeast Estonia: Tartu, Valga, Võru, Põlva county; Southwest Estonia: Pärnu, Viljandi, Saare county; 
Northwest Estonia: Harju, Rapla, Lääne, Hiiu county
e Not estimated due to small number of farms belonging to that category
f Other: calving on pasture and its combinations between other systems

Table 2 Results of  multivariable negative binomial regression analysis for  risk factors associated with  within-herd calf 

(aged 21–90 days) mortality rate in years 2017–2018 in 209 Estonian dairy herds

a Incidence rate ratio
b One unit change is 20 cows
c Northeast Estonia: Ida-Viru, Lääne-Viru, Jõgeva, Järva county; Southeast Estonia: Tartu, Valga, Võru, Põlva county; Southwest Estonia: Pärnu, Viljandi, Saare county; 
Northwest Estonia: Harju, Rapla, Lääne, Hiiu county
d Other: calving on pasture and its combinations between other systems

Variable Categories n IRRa 95% confidence  
intervals

Category 
p-value

p-value

Herd size (centered) (number of  cowsb) 1.02 1.01; 1.03 0.005

Square term of herd size (centered) 0.9997 0.9995; 0.9999 0.001

Herd proportion of stillbirths (%) 1.09 1.04; 1.14  < 0.001

Herd proportion of abortions (%) 1.22 1.09; 1.36  < 0.001

Regionc Northeast 59 1 0.020

Southeast 44 0.63 0.44; 0.90 0.013

Southwest 71 1.10 0.79; 1.53 0.573

Northwest 35 1.01 0.68; 1.52 0.946

Farmer attending trainings within the last 4 years Once 48 1 0.008

2–3 times 107 1.91 1.30; 2.81 0.001

More than 3 times 31 1.34 0.83; 2.19 0.233

No 23 1.09 0.57; 2.08 0.792

Prophylactic administration of vitamins to calves No 70 1 0.041

Sometimes 62 1.19 0.83; 1.69 0.337

Yes (to more than 95% of calves) 77 1.48 1.09; 2.01 0.012

Housing of preweaned calves > 2 weeks of age Group pen 168 1 0.020

Single pen 18 1.17 0.67; 2.03 0.581

Single and group pen 23 0.51 0.32; 0.83 0.007

Place of calving Group pen 68 1 0.020

Individual pen 41 0.83 0.59; 1.17 0.284

Tiestall 84 1.13 0.79; 1.61 0.510

Combined or  otherd 16 0.40 0.20; 0.78 0.008
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(Table 5). The final multivariable linear regression model 

adjusted  R2 was 0.43.

Discussion

Distribution of within-herd mortality rates
There was high between-herd variation in MRs of calves 

and cows, meaning that cattle health and welfare are 

highly dependent on herd-specific factors. Similar asso-

ciations have been reported in previous studies [2, 19, 

26]. Although many of the participating herds had no 

calf mortality events registered in their farms between 

years 2017 and 2018, it should be kept in mind that the 

calculated mortality estimate excluded the first 3  weeks 

of the lifetime of calves. Using registry data in this study, 

a reporting bias arises from unreported deaths of non-

ear-tagged calves during early life [11, 28]. Farmers must 

ear-tag their calves within 20 days of life, and they have 

an additional 7 days after that to register their calves in 

the Animal Registry. This means that we were unable to 

get reliable estimates of calf MRs during the first 3 weeks 

of calves’ lifetime, known to bear the highest mortality 

risk among calves [11, 27, 28]. However, comparing the 

calf mortality with what has been reported in other stud-

ies for the same age group, the rates in the current study 

are similar to those reported in France, Germany and The 

Netherlands on animal level [27, 28, 32].

In the present study, the on-farm cow MRs might be 

somewhat underestimated because the exact first calv-

ing date was unknown, and the presented values should 

therefore be interpreted carefully. We decided to use the 

25% quartile value of the age of first calving of Estonian 

dairy cows [30] when extracting the data frame for cow 

analyses to capture the majority of the first calvings in 

our analyses. In general, the estimated on-farm MRs are 

comparable to what has been reported in Swedish and 

Finnish studies [9, 19] and what was found previously at 

animal level in Estonia [11, 30].

Risk factors associated with calf mortality rate
Several risk factors related to high calf MR were identi-

fied. The rate was higher in larger herds, which is con-

sistent with previous studies that have reported a positive 

association between mortality and herd size [16, 18, 33]. 

Larger herds have different housing and management 

conditions compared with smaller farms, and individual 

attention to animals may be reduced [34]. The confound-

ing effect of herd size was also present for some herd 

characteristics and management routines in our study. 

Unfortunately, we were not able to analyse risk factors 

separately for small and large-scale holdings due to lim-

ited sample size, but herd size was controlled for in the 

variable screening phase as well as in multivariable mod-

els to adjust for its effect as much as possible.

Herds with a higher proportion of abortions and still-

births had also higher MRs. From previous studies we 

can conclude that perinatal mortality is a multifacto-

rial problem including several animal-level risk fac-

tors related to both cows and the foetus/calf [35]. On a 

herd level, overall calving management (e.g., supervi-

sion of calvings, calving conditions including excessive 

prepartum body condition) plays an important role in 

addition to the farmer’s priorities in herd stillbirth rate 

[35–37]. Due to the aforementioned recording bias of 

non-ear-tagged calf mortality, the herd stillbirth rate 

includes at least some proportion of deaths of live-born 

calves. Therefore, due to positive association between 

herd stillbirth and calf MR, we may suppose that identi-

cal risk factors apply to both problems. Abortions often 

Table 3 Descriptive statistics and  unconditional associations of  continuous variables selected as  candidates 

for  multivariable model for  within-herd cow mortality rate in  years 2017–2018 in  212 Estonian dairy herds estimated 

in linear regression analysis

a Estimated in bivariable linear regression models including herd number of cows to that category

Variable Median (Q1; Q3) n p-valuea

Herd size (number of cows) 129.7 (53.7; 459.7) 212  < 0.001

Herd average milk yield per cow per year (kg) 8787 (6950; 9758) 212 0.002

Herd average milk fat/protein ratio 1.2 (1.2; 1.3) 212 0.001

Herd average age at first calving (days) 813.0 (764.3; 888.7) 212 0.024

Herd average interval from calving to insemination (days) 92.3 (79.6; 111.7) 204 0.061

Herd average number of inseminations per conception 1.9 (1.7; 2.2) 204 0.004

Herd average first insemination conception rate (%) 53.9 (47.2; 60.6) 204 0.003

Herd proportion of stillbirths (%) 7.5 (5.6; 9.5) 212 0.008

Herd proportion of abortions (%) 0.8 (0; 1.6) 212 0.022

Herd average number of lactations 2.4 (2.2; 2.7) 212  < 0.001

Herd average age at first insemination (days) 498.7 (457.3; 585.7) 187 0.123
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Table 4 Descriptive statistics and  unconditional associations of  categorical variables selected as  candidates 

for  multivariable model for  within-herd cow mortality rate in  years 2017–2018 in  212 Estonian dairy herds estimated 

in linear regression analysis

Variable Categories n Within-herd  MRa p-valueb

Herd  typec Dairy herd 199 4.88 0.281

Mixed herd 13 3.20

Proportion of Holstein breed cows  < 90% 89 3.75 0.001

 > 90% 119 5.59

Missing 4 3.60

Regiond Northeast 58 6.80  < 0.001

Southeast 44 3.79

Southwest 72 3.88

Northwest 38 4.55

Farmer attending trainings within the last 4 years Once 49 4.10 0.018

2–3 times 108 5.61

More than 3 times 31 4.36

No 24 2.97

Farmer using consultancy service within the last 4 years No 14 3.68 0.046

Once 43 4.23

2–3 times 109 5.58

More than 3 times 46 3.75

Handling animals Farmer and/or family members 51 2.95  < 0.001

Employees in addition to farmer/family 26 3.12

Employees only 135 5.79

Veterinarian involved in detecting sick cows No 168 4.36 0.026

Yes 44 6.37

Milking method Pipeline milking/jug 81 3.71 0.033

Milking parlour 91 5.41

Automatic milking system 35 5.48

Combined 5 5.65

Housing system Tie stall 76 3.75 0.022

Free stall 130 5.30

Combined 6 6.72

Grazing No 83 5.79  < 0.001

Yes 96 3.29

Only dry cows 33 6.57

Bed surface material Concrete 83 4.01 0.058

Rubber 72 4.68

Mattress 35 6.58

Deep litter 17 4.90

Combined 5 5.96

Analysing roughages in the laboratory No 35 3.02 0.002

Yes, not every year 29 4.13

Yes, every year 148 5.32

Dry period feed ratio based on silage analysis No 99 3.57  < 0.001

Sometimes (in less than 50% of times) 13 4.75

Mostly (in more than 50% of times) 22 5.63

Always 76 6.16

Missing 2 NEe
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have an infectious aetiology [38], and some pathogens 

(e.g., bovine viral diarrhoea virus and bovine herpesvirus 

1) are often pathogenic to young calves, causing bovine 

respiratory disease [39]. Respiratory and digestive tract 

diseases were the second most common cause of mortal-

ity of calves and the most common cause of death among 

pre-weaned calves [11], meaning that infectious diseases 

probably affect calf survival.

Combined housing conditions (calves confined in sin-

gle and group pens, whereas the housing system might 

differ between calves or the system is changed at certain 

age) of pre-weaned calves greater than 2 weeks of age was 

associated with a lower calf MR on a herd level compared 

with housing calves in single pens only. By law, calves 

are allowed to be kept in individual pens up to 8 weeks 

of age, covering the majority of the preweaning period, if 

not otherwise specified by the veterinarian [40]. Accord-

ing to previous studies, housing calves in individual calf 

pens in early life is known to protect for mortality com-

pared with group housing, where the risk of mortal-

ity tends to increase with group size [20, 21, 25, 33, 41]. 

In the current study, 71% of dairy farms housed their 

calves in individual calf pens during the first 2 weeks of 

life, whereas 80.2% housed them in group pens after that 

age. We might assume that farms using single pens for an 

extended period of time will have major problems with 

calf diseases and subsequently higher mortality. In addi-

tion, combined housing could be more flexible in mov-

ing calves between housing systems based on individual 

needs, thus improving health and survival rates.

A similar association was found for calving area in 

which the combined calving system (calving in multiple 

places) appeared to protect for calf mortality compared 

with having one single calving area/pen. The outcome in 

the risk factor model excluded calf mortality data from 

the first 3  weeks of life and, thus, it was surprising to 

identify this association. Interestingly, recent research 

from Sarjokari et  al. [19] found that having group and 

single calving pens was associated with lower hazard 

for on-farm cow mortality compared with having a per-

manent calving pen. The authors explained the positive 

effect of a combined calving system by improved options 

Table 4 (continued)

Variable Categories n Within-herd  MRa p-valueb

Frequency of hoof trimming No 39 4.05 0.016

Less than once a year 31 3.62

Once a year 60 4.24

 ≥ 2 times per year 82 5.96

Digital dermatitis diagnosed in a herd No or unaware 148 4.19 0.019

Yes 62 6.18

Missing 2 NEe

Place of calving Group pen 69 5.94 0.005

Individual pen 41 4.46

Tiestall 84 4.32

Combined or  otherf 16 3.25

Missing 2 NEe

Use intramammary products at dry-off No 23 3.84 0.045

Sometimes (less than 50% of cows) 36 4.10

Often (50–75% of cows) 16 6.70

Mostly (75–95% of cows) 23 3.99

Always (more than 95% of cows) 114 5.07

Way of responding to questionnaire Postal 127 4.62 0.332

Phone 85 5.02

a Within-herd mortality rate of cows in years 2017 to 2018 (per 100 cow-years)
b Estimated in bivariable linear regression models including herd number of cows
c Dairy herd—at least 75% of cattle were of dairy breed; mixed herd – more than 25% of cattle were of beef breed
d Northeast Estonia: Ida-Viru, Lääne-Viru, Jõgeva, Järva county; Southeast Estonia: Tartu, Valga, Võru, Põlva county; Southwest Estonia: Pärnu, Viljandi, Saare county; 
Northwest Estonia: Harju, Rapla, Lääne, Hiiu county
e Not estimated due to small number of farms belonging to that category
f Other: calving on pasture and its combinations between other systems
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to manage calvings, provide a peaceful environment and 

allow for supervision. This might also be essential regard-

ing to the long-term positive effect of early calf health.

Prophylactic administration of vitamins to all calves 

was associated with higher calf MRs. Probably this prac-

tice is more common in herds with calfhood problems, 

aiming to compensate for poor health by boosting non-

specific immunity. However, the effect of a single vitamin 

injection, which is the most common practice of provid-

ing vitamins to young calves in Estonian dairy farms, to 

the knowledge of the authors, might not yield signifi-

cantly better health outcomes [42, 43]. However, Torsein 

et  al. [5] found that fat-soluble vitamins might play an 

important role for calf health and possibly survival rates.

The current study identified a higher calf MR on farms 

in which farmers or farm managers attended more fre-

quent trainings associated with cattle rearing, feeding 

and diseases. Again, this unexpected, apparently contra-

dictory association might be found because farms with 

calfhood problems more actively look for advice and 

expertise. Nevertheless, according to Santman-Berends 

et  al. [23], only a low proportion of farmers with high 

calf MRs claimed they had a lack of knowledge and felt 

they would need advice to solve their calf health-related 

problems. This means that farmers differ in their behav-

iour, and more research is needed to understand these 

patterns.

Differences in herd-level calf MR across regions 

occurred, where herds in the southeast region had the 

lowest MRs. The observed difference might be a result of 

distinct herd management factors, but further studies are 

needed to provide a more profound explanation.

Several questions were asked about colostrum manage-

ment, rearing conditions and practices during the first 

weeks of calves’ life, but none of these factors appeared 

significant in the final models. Even so, it should be taken 

into consideration that we did not include deaths occur-

ring during the first 3 weeks of life in the outcome, which 

possibly could explain these non-existing associations. 

According to the effect size of the variables in the model, 

Table 5 Results of multivariable linear regression analysis for risk factors for within-herd cow mortality rate over years 

2017–2018 in 212 Estonian dairy herds

a Square root transformation was made for the outcome variable „within-herd cow mortality rate “
b Northeast Estonia: Ida-Viru, Lääne-Viru, Jõgeva, Järva county; Southeast Estonia: Tartu, Valga, Võru, Põlva county; Southwest Estonia: Pärnu, Viljandi, Saare county; 
Northwest Estonia: Harju, Rapla, Lääne, Hiiu county

Variable Categories n Coefficienta 95% 
Confidence 
Intervals

Category p-value p-value

Handling animals Farmer and/or family members 51 0  < 0.001

Employees in addition to farmer/family 26 0.10 − 0.22; 0.42 0.543

Employees only 135 0.64 0.35; 0.93  < 0.001

Housing system Tie stall 76 0 0.008

Free stall 130 -0.37 − 0.65; − 0.09 0.011

Combined 6 0.28 − 0.29; 0.85 0.337

Grazing No 83 0 0.006

Yes 96 -0.37 − 0.72; − 0.03 0.034

Only dry cows 33 0.25 − 0.03; 0.52 0.076

Frequency of prophylactic hoof trimming No 39 0 0.002

Less than once a year 31 -0.37 − 0.69; − 0.04 0.028

Once a year 60 -0.56 − 0.87; − 0.25  < 0.001

 ≥ 2 times per year 82 -0.31 − 0.67; 0.06 0.105

Herd size x herd average proportion of 

stillbirths (SB)

Herds with < 130 cows and SB < 7.5% 59 0  < 0.001

Herd with < 130 cows and SB ≥ 7.5% 47 0.57 0.29; 0.85  < 0.001

Herd with ≥ 130 cows and SB < 7.5% 47 0.29 − 0.05; 0.63 0.092

Herd with ≥ 130 cows and SB ≥ 7.5% 59 0.43 0.08; 0.78 0.016

Herd average number of lactations 212 -0.30 − 0.55; − 0.05 0.020 0.020

Regionb Northeast 58 0  < 0.001

Southeast 44 -0.75 − 1.01; − 0.48  < 0.001

Southwest 72 -0.41 − 0.66; − 0.16 0.001

Northwest 38 -0.46 − 0.75; − 0.18 0.002

Intercept 212 3.08 2.30; 3.87  < 0.001
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it appears that calf housing and management (variables 

describing housing system, place of calving and admin-

istration of vitamins) as well as farmers’ activities and 

mind set (variable representing the farmer frequency of 

attending trainings) might be more influential than herd 

size in terms of calf health and survival.

Risk factors associated with on-farm cow mortality rate
Zero grazing was associated with higher MRs in our 

study, and this was consistent with previous studies [9, 

44, 45]. Although it remains unclear which ‘underly-

ing factors’ actually cause a lower MR in cows spending 

more time in pasture [45], it is possible that the ability to 

express natural behaviour and regular exercise on a natu-

ral surface could be beneficial to cows’ health and welfare 

[46].

We identified that more frequent hoof trimming was 

associated with decreased MRs in cows. It has been con-

firmed that prophylactic hoof trimming reduces lame-

ness [47]. Farmers reported the leg-and-claw disorder 

complex to be the second most common reason for unas-

sisted death and euthanasia in Estonian dairy cows [11]. 

Likewise, it was the most common reason for on-farm 

cow mortality in Swedish dairy herds [48]. All actions 

aiming at lowering the incidence of leg and claw disor-

ders may therefore represent valid measures in reducing 

cow MRs.

Farms where cows were managed by employees had 

higher MRs in agreement with findings by Weigel et  al. 

[49]. The variable was strongly confounded by herd size, 

meaning that besides using external help, there might 

be other important factors explaining the association. 

It has been shown that larger herd size has contributed 

to less attention per cow and, thus, increased MRs [50]. 

Previous studies found a positive correlation between a 

cow-to-employee ratio and herd on-farm MRs [17, 49]. 

Intentionally, we did not inquire about this information 

in our survey to avoid obstructive questions and thus 

increasing the chance for a higher response rate. The type 

of labour used, and the cow-to-employee ratio should, 

however, be considered to allow for sound conclusions 

about the effect of employees versus farm owner’s pres-

ence on cattle health.

Higher herd average lactation number was associated 

with lower MRs, which makes sense since lower MRs and 

better longevity are related by context and both reflect 

the overall performance of the herd.

On-farm cow MRs were lower in loose-housing sys-

tems compared with tie stalls. Previous research has 

showed conflicting results, as some studies have found 

numerically lower cow MRs in tie stalls compared with 

free stall barns [9, 17], whereas the opposite also has 

been found [44]. These two farm systems differ in many 

aspects, but most probably there is a positive effect of 

movement, thermal conditions, feeding system and hous-

ing facilities in loose-housing systems that are more nat-

ural and supportive for cow health and welfare.

The herd-level MR of cows was higher in herds with 

increased percentage of stillbirths, but the effect was pre-

sent only in smaller herds. This finding is in agreement 

with Shahid et al. [18] and Thomsen et al. [51], who argue 

that the association is a proxy for the farm-specific dairy 

cow management. On individual cow level, a positive 

association between having a high rate of stillborn calves 

and high on-farm cow mortality was found in many stud-

ies [18, 30, 48], demonstrating that the presence of still-

birth might also have a direct effect on cow health and 

result in death or euthanasia directly or via concurrent 

diseases.

Regional differences in cow MRs were confirmed, 

where herds in the northeast region appeared to have the 

highest MRs. The same association was also confirmed in 

our previous studies [11, 30], possibly reflecting regional 

differences in animal husbandry practices that were not 

captured in the present study.

Limitations of the study
The overall response rate was good, and the responding 

herds in general represented Estonian dairy farms rela-

tively well according to their locations. Due to the exclu-

sion of the smallest herds with less than 20 cows and 

slight underrepresentation of herds with up to 50 cows, 

the study results should only be carefully extrapolated 

to smaller herds. Also, the responding herds may repre-

sent more interested farmers and therefore not reflect 

the population well in terms of the social factors. To our 

knowledge, this was also the first published insight into 

dairy cow housing conditions and management routines 

in Estonian dairy herds. Due to varying herd size and 

associated management routines, the analysis could have 

benefitted from stratified analyses across herd size cate-

gories and housing types; but, due to limited sample size, 

this was not possible. Another limitation of this study is 

that it lacks the ability of confirming causal associations 

due to the study design with a follow-up. This empha-

sises the need to use an alternative study design, on-farm 

assessment and measurements that would enable to have 

a clearer overview of the causal pathway of risk factors. 

The multivariable model of risk factors for mortality 

in cows explained 41% of the total variance of the MRs. 

This shows that there are many more factors that should 

be included in future studies to explain the complexity of 

the problem. Also, future research should focus on evalu-

ating risk factors for calf and cow mortality in larger dairy 

herds as, due to intensification of the dairy production, 

the increase in herd size is inevitable.



Page 14 of 15Reimus et al. Acta Vet Scand           (2020) 62:15 

Conclusions

There was a high between-herd variability in on-

farm MRs of ear-tagged calves and cattle older than 

24  months. Registry mortality data could be used to 

detect problem herds and support guided allocation of 

resources to needed areas, thereby helping to improve 

general herd health. Herd size and housing conditions 

are important in determining calf mortality, but more 

focused insight is needed to provide clear recommen-

dations. Our study results refer that providing good 

care and more natural living conditions might probably 

ensure better health and welfare of dairy calves and 

cows.
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