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Ontario dairy goat producers identified neonatal mortality as a major economic 

and welfare issue, estimating that 20-30% of kids die prior to weaning. The actual level 

of Canadian dairy kid mortality and their main causes of death are unknown. There is 

scant data published from other countries. To address this lack of data, provide a 

mortality rate, and identify the causes of mortality for various age ranges, a 

questionnaire was mailed to 125 randomly sampled Ontario dairy goat producers. From 

consenting respondents, a final random sample of 27 farms (stratified by region and 

lactating herd size) participated in a cohort study over a 12-month period. During this 

period, postmortem examinations were performed on all kids that died between 0 and 

120 days of age; abortions and stillbirths were excluded. A subsample of 22 % had 

ancillary testing performed. 

Results from 819 postmortems from 27 farms indicate that 10.9 % of kids died 

between 0 and 48 hours of age, 14.4 % died between 48 hours and 7 days of age, 60.0 

% died between 7-56 days and 14.8% died between 56-120 days of age, with variation 

in cause of death by age group. Overall causes of death were pneumonia (36.0 %), 

diarrhea/enteritis (20.4 %), septicemia (17.3 %), and starvation (13.7 %), with other 

categories (in decreasing order of frequency) being: premature/small/weak, 
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mesenteric/abomasal torsion, trauma, open as to cause of death, abomasal disease, 

dystocia, congenital deformity, disbudding injury, impaction, polyserositis, iatrogenic and 

encephalitis each causing less than 3.3 % of deaths. Pathogens identified from 

pneumonia cases included Mannheimia spp. and Mycoplasma spp.; Coxiella burnetii 

was found in the lungs of perinatal kids. Pathogens identified from diarrhea/enteritis 

cases were primarily Escherichia coli and Clostridium perfringens. 

Results indicate that infectious diseases, pneumonia, diarrhea/enteritis, and 

septicemia, are the most prevalent causes of death for kids up to 4 months old in 

Ontario herds. The majority of deaths occurred in kids >48 hours old. This study will 

benefit the health of the dairy goat industry in Ontario, and internationally, by providing 

the rate and causes of mortality at various ages in Ontario dairy goat kids. 
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1 Introduction 

1.1 Goat production and dairy goats in Ontario 

Small ruminants are of great importance worldwide as production animals, valued 

for their milk, meat, and fibre. Their hardiness, and the variety of breeds available 

permits selection for performance in a broad range of environments including hot and 

cold climate extremes 1–4. Producers select genetic traits best suited to different 

production uses. Goats hold particular significance in developing countries, where their 

small size, fecundity and hardiness are valued. Handling, housing and feeding are 

easier and less costly relative to cattle, and owners benefit both nutritionally and 

economically from production of milk, meat, and in some cases fibre 5. In developed 

countries, the production of niche products such as goat milk, cheese, and soaps, is 

supporting growth as an industry 5,6. In Western developed countries, there is also 

increased interest and demand for meat, as there is growth in the number of immigrants 

from cultures whose diet includes goat meat5. Consequently, North America, and 

Canada in particular, has seen an increased use of the goat as a production animal, 

with large dairy processors such as Saputo and Gay Lea 7–9 responding to the growing 

demand for goat milk, both as a direct product and for cheese production.  

As of 2016, there was a 2 % increase in the number of goats in Canada from 

225,461 (2011) to 230,034, with an average number of 41 goats per farm reporting, and 

gross farm receipts of $41.7 million10. Up to 56.6 % of all goats in Canada are present in 

Ontario (83,841 goats on 206 known dairy goat farms, with no sex ratio reported). The 
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majority of these farms have fewer than 1000 goats, with most (78/192 farms) having 

less than 400 goats 10. 

In Ontario, goat dairy producers are seeking ways to increase production 11. One 

limitation on growth that producers identify is neonatal kid mortality 12. A high rate of 

female kid loss limits a farm’s ability to expand their production and through the 

purchasing of does increases costs and risk of importing disease. As well, the loss of 

kids is a welfare concern and has a negative impact on the producer’s mental health.  

Limiting kid mortality is economically important, yet there is no data on the causes of 

goat kid death in Ontario. The only study to discuss mortality of goat kids in Ontario was 

a survey of nutritional strategies used on Ontario dairy goat farms. In this study, 

mortality before weaning was identified by the surveyed producers as less than 10 % on 

most farms, but no cause of mortality was identified11. The available published data on 

kid mortality from farms worldwide is generally limited to studies related to a specific 

breed 2,13–21, to a specific production system, 14,18,22,23 and the environment or country in 

which the goats are raised 1,2,22–25,13,15–21.  

Broad application of findings from studies specific to a region, breed or production 

system is challenging. Although some studies have investigated causes of neonatal 

mortality in goats 1,2,22–26,13–15,17–21, such variables as breed characteristics (i.e. related 

to environment and production uses), husbandry practices, as well as regionally 

endemic diseases, limit wholesale generalization of the findings to Ontario. For 

instance, some commonly recognised causes of death are not seen world-wide, such as 

peste des petits ruminants 2,15.  There is regional selection for specific breeds adapted 
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for specific climates, such as the Yaez breed in Israel 18, and the goal of production may 

vary from meat only, to milk only, to both meat and milk 26. 

There have been no studies on rates and causes of goat kid mortality in Ontario, 

yet there is a perception amongst producers that it is very important. As mortality in 

small ruminants is generally recognised to be highest in what is described in 

publications as the neonatal/peri-weaning periods 27,28, the focus of research will be on 

the causes of kid mortality in age groups up to 4 months of age. Traditionally this is 

divided into perinatal, neonatal, and post-weaning periods. The goal of this study is to 

identify rates and causes of dairy goat kid mortality in Ontario. 

1.2 Literature review 

1.2.1 General considerations 

A thorough literature search of causes of mortality in goat kids was carried out 

using the University of Guelph library database (Primo), bibliographic databases 

(PubMed, Google Scholar and Web of Science), and key word searches (using various 

combinations of words such as goat, goats, kids, neonatal mortality, and iterations 

thereof using similar bovine and ovine terms). Individual searches were performed for 

infectious agents that may affect goat kids less than 4 months of age. There are more 

published studies focused on possible causes of lamb mortality (40 at recent count) 

than kid mortality27,28,37–46,29,47–56,30,57–65,31–36. There are 22 publications, as of September 

2019, specifically documenting kid mortality. Most are focused on only a small number 
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of individuals in a herd, are risk factor surveys or are focused on a specific disease 

process 2,17,66–75,18,76,77,19,21–26.The majority of these published studies focus on hardy, 

mixed-use breeds in arid environments such as Israel 18, Jordan 24, Mexico 17,22, Nigeria 

2, South Africa 13,20,25,71, Sri Lanka 23 and Syria 1. Causes of death are ascribed to 

diseases not yet identified in North America 15,25, to weather conditions and 

management practices that are not seen in Canada 1,14,17, or there is no cause of death 

reported 17–21,24,74,76–78. 

Information regarding potentially lethal goat diseases is available in veterinary 

textbooks, especially those focusing on small ruminant medicine 79–82. Prevalence data 

are generally unavailable or not well documented. Individual disease prevalence varies 

greatly depending on geographic location due to differences in environment and herd 

management. 

Only two studies provided information on kid mortality that were specific to North 

America, and included, kid death and loss due to predator and non-predator causes, 

and the other measuring failure of passive transfer on a dairy goat farm. There is one 

study on mountain goat mortality.14,26,72, but none of the studies provided insight into 

specific causes of death that might be applicable to dairy goat herds in Ontario. In other 

kid studies, broad but uninformative categories of death, such as pneumonia, diarrhea 

or “disease”, were used with no identified specific causative agent2,17,69,71–75,77,19,21–26,68. 

In many cases, the cause of death is reported anecdotally (as perceived by the 

producer), rather than ascertained by a veterinary practitioner or through postmortem 

evaluation 1,11,25,26,83–86,14,16–21,24. Postmortem examination was used to determine the 
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cause of death in only a few studies 2,13,22,23,87–91, and histological examination of 

specimens was rare 22,87,89,91. Studies incorporating postmortem diagnoses would be 

more reliable and useful. 

There appear to be commonly recognized causes of mortality across breeds, 

countries, and management systems. These diseases or disease syndromes will be 

identified and discussed further in the bulk of this chapter. The discussion will focus on 

body systems and etiology, and specific age groups affected will also be discussed 

where warranted, since susceptibility to certain conditions can vary with age. 

Statistical information on the dairy goat population in Ontario is limited 

(predominantly tracking overall population growth and reported every 5 years)92,93 and 

there are no comprehensive reviews or large-scale studies of kid mortality. What 

information is available on North American dairy goats is generally limited to surveys. 

The United States Department of Agriculture (USDA) reports on goat production in the 

United States of America (U.S.A.) includes 11 meat goat breeds and 10 dairy goat 

breeds 94. As there are similarities between dairy goat production systems in Canada 

and the U.S.A., extrapolation of the U.S.A. study findings to Canadian goat dairies is 

supportable. Even though most of the literature available on goat kid mortality is from 

sub-Saharan Africa or other desert climates, there are some commonalities among the 

different goat populations studied. Within the literature (retrospective studies, 

observational studies or farmer surveys), the commonly reported, though generic 

categories of primary causes of death diagnosed either clinically or by postmortem, 

included endoparasitism 13,25,83,84,90,95, enteritis 13,24, failure of passive transfer 16,72,96–99, 
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nutritional disorders 22,100,101, pneumonia 2,13,15,102, predation 14, septicemia 88, and 

starvation or hypothermia resulting from mismothering or poor management 18,19,23,85. 

Similar causes of death may be identified in Ontario.   

1.2.2 Causes of kid mortality 

Identifying diseases of importance in clearly defined age groups, production 

systems, and geographical locations, provides valuable information to help local 

producers determine the best management practices to control, and where possible, 

eradicate disease. 

Sheep and goats are closely related and share many diseases; studies of lamb 

mortality will thus be included in this review. While sheep production systems often 

differ greatly from that of dairy goats (i.e. sheep are farmed for meat production more 

than for dairy), species similarity suggests that some identified causes of lamb death 

may be applicable to goats. Yet, the differences between the two species, in 

management and in clinical expression and severity of certain diseases, make direct 

study of dairy goat mortality essential.  

Identifying the specific causes of kid mortality may guide changes to farm and/or 

kid management practices to minimize losses.  

Published causes of death in kids of any age, both infectious and non-infectious 

will be reviewed by body system. 
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1.3 Diseases of the respiratory system 

Pneumonia is one of the most commonly reported causes of death in the goat kid 

mortality studies reviewed. Pneumonia in other species is often a multifactorial disease 

involving environment, climate, air quality, immunity, and/or infectious agents including 

viruses, bacteria103. In young kids, pneumonia can result from failure of passive transfer, 

environmental factors (such as air quality, overstocking and poor hygiene) ,and 

systemic factors, such as starvation or low energy reserves compounded by infectious 

disease 43,104,105. Pneumonia may present clinically as dyspnea, lethargy, exercise 

intolerance, coughing and/or wheezing, reduced ability to drink or inappetence. At 

postmortem examination, the lungs may be consolidated and firm to the touch or fail to 

collapse, with edema of interlobular septa, fibrin on pleural surfaces, and/or abscesses 

or exudate visible within the parenchyma or larger airways. Histologically, there may be 

a mixture of inflammatory cells and necrotic cellular debris in airways, airspaces or 

interstitial connective tissue, and damage to respiratory epithelium dependent on the 

specific causative agent (viral vs. bacterial)43,103. 

The various potential causes of pneumonia (infectious and non-infectious) will be 

discussed in this section. 
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1.3.1 Infectious causes of respiratory disease 

The following are the infectious causes of respiratory disease that have either 

been reported in the goat kid studies reviewed, or those that could potentially be 

observed in Ontario dairy goat kids. 

1.3.1.1 Viral causes of respiratory disease 

Although pneumonia was listed as a primary cause of kid mortality in many of the 

reviewed studies, only one virus was named as a cause of pneumonia. Small ruminant 

morbillivirus known as the disease peste des petits ruminants (PPR), was that sole 

reported virus, and has not been identified in Canada 106. In all other kid reports where 

pneumonia was named as a cause of death, there was no underlying etiological agent 

(viral, fungal, bacterial or parasitic) identified 2,15,22,23,26. A review of PPR has been 

included for completeness.  

The following are some viral causes of pneumonia identified as causing disease 

or potentially causing disease in goats in Canada. In general, there are similarities in the 

gross lesions of differing viral diseases. The same applies to histological lesions of viral 

pneumonias. Changes in bronchointerstitial and interstitial pneumonia with necrosis of 

bronchiolar epithelial cells, type II pneumocyte hyperplasia, formation of syncytial cells, 

fibrin exudation, and fibrosis depending on the chronicity or extent of the disease 

process, have all been reported103. Lesions specific to or pathognomonic for a specific 

viral infection will be discussed where warranted. 
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1.3.1.1.1 Adenoviruses 

The adenoviruses (nonenveloped double-stranded DNA viruses) identified in 

goats include ovine adenovirus 5 and 6 of the Order: Rowavirales; Family Adenoviridae; 

Genus: Mastadenovirus, goat adenovirus 1 and ovine adenovirus 7 of the Family 

Adenoviridae; Genus: Atadenovirus, Species: Ovine atadenovirus D. 

Occasionally adenovirus infections are reported in association with respiratory, 

gastrointestinal disease or encephalitis in sheep or goats89,107,108. There is little written 

about adenovirus and pneumonia in goats and a definitive link between natural 

adenovirus infection and disease (enteric or respiratory) has not been established107. 

Seven ovine adenovirus serotypes are reported. Ovine adenovirus infections from 

serotypes 5, 6, 7 are reported in sheep both naturally and experimentally, and result in 

respiratory disease, often with concurrent diarrhea107,109,110. An antigenically distinct 

goat serotype is described in a kid with clinical disease (bronchopneumonia and crypt 

necrosis in the small intestines/colon)107. However, causality was not proven and a 

concurrent bacterial infection (Mycoplasma spp., Pasteurella multocida and Mannheimia 

haemolytica) was noted.  Adenoviral infection may contribute to a multifactorial 

pneumonia complex (such as is seen in cattle) with -parainfluenza 3 (PI3), ruminant 

syncytial virus (RSV), and bacterial infections. Bacterial pathogens (e.g. Mannheimia 

haemolytica) are often isolated in ovine cases that test positive for adenovirus and may 

contribute to more severe disease than infection with either agent alone110. However the 

significance of infection in goats is unknown 89,107. 
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Gross lesions reported in lambs with experimental infection with ovine 

adenovirus 5 and 6 include patchy, lobular areas of atelectasis and reddening of the 

lung parenchyma in the ventral parts of the cranial and middle lung lobes. Histological 

findings included air spaces (alveoli and terminal bronchioles) filled with neutrophils, 

and sloughed epithelial cells. Epithelial cells often contained large basophilic 

intranuclear inclusions. Bronchitis, bronchiolitis, and hyperplasia of type II pneumocytes 

was also occasionally reported109,110. Bronchopneumonia was reported in the case 

report of adenovirus isolated from a goat, but the features of the respiratory disease 

(both gross and histological) were not characterized107. 

1.3.1.1.2 Peste des petits ruminants 

Peste des petits ruminants is a disease caused by the peste des petits ruminants 

virus (PPRV) of the Order: Mononegavirales; Family: Paramyxoviridae; Genus: 

Morbillivirus, Species: Small ruminant morbillivirus. This virus is closely related to the 

eradicated Rinderpest morbillivirus 106. PPRV was recognized as a cause of death with 

pulmonary (pneumonia, tracheitis, and pleuritis), and gastrointestinal lesions (mainly 

hemorrhagic colitis) 2,15. Peste des petits ruminants has never been found in Canada 

and is a reportable disease 106. Canada is recognized by the World Organization for 

Animal Health as being PPRV free111. 

1.3.1.1.3 Respiratory syncytial virus 

A caprine isolate of respiratory syncytial virus (RSV), Order: Mononegavirales; 

Family: Pneumoviridae; Genus: Orthopneumovirus, Species: Bovine orthopneumovirus, 
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bovine respiratory syncytial virus was identified in North America. The virus is a single 

stranded (SS) RNA orthopneumovirus from the family Pneumoviridae and is closely 

related to bovine respiratory syncytial virus 112. A survey of adult goats in Quebec 

showed the presence of antibodies to either this virus or the bovine strain 112. Therefore, 

the presence of either strain of this virus in neonates may occur due to transmission 

from adults within the doe herd. Lesions specific to paramyxoviral infection in goats 

have not been reported. 

1.3.1.1.4 Parainfluenza virus 

Parainfluenza 3 (PI3) is an enveloped RNA virus of the Order: Mononegavirales; 

Family Paramyxoviridae; Genus: Respirovirus, Species: Bovine respirovirus 3, bovine 

parainfluenza virus-3. Infection with this virus predisposes sheep to pneumonia. Half 

doses of bovine PI3 or IBR-PI3 vaccines are used intranasally to prevention disease in 

both adult sheep and lambs, however there is no evidence of efficacy 113 and no 

vaccines are licensed for small ruminant use in Canada.  

Similar to bovine PI3, clinical signs reported in goats include coughing, 

tachypnea, nasal discharge, and pyrexia 112. Grossly and histologically, a mild interstitial 

pneumonia may result. Generally clinical signs are mild, and severe disease is only 

seen when complicated by infection with secondary pathogens (often bacteria such as 

M. haemolytica, P. multocida or Mycoplasma spp.) 103,113. 
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Caprine parainfluenza virus 3 was identified in goats, resulting in pyrexia, 

coughing, and nasal discharges in China in 2014, however this virus has not yet been 

identified in Canada114,115. 

1.3.1.1.5 Caprine arthritis encephalitis virus  

Caprine arthritis encephalitis virus (CAEV) is an enveloped single-strand RNA 

virus of the Order: Oterivirales; Family: Retroviridae; Genus: Lentivirus, Species: 

Caprine arthritis encephalitis virus. 

This virus is a very important cause of disease in goats and is responsible for 

disease syndromes including arthritis, mastitis, progressive paresis, pneumonia or 

chronic wasting105. The virus is transmitted via colostrum and milk. Aerosol transmission 

between animals (of all ages) in close contact with one another, and in some cases over 

distances (up to several meters) may also be a significant cause of disease spread in a 

herd116,117. Clinical disease often takes years to develop, and clinical signs may be 

subtle118. The encephalitic form is the one disease syndrome that is (albeit rarely) 

reported in goat kids less than 6 months of age, and is discussed further in the section 

on disorders of the nervous system119.  

1.3.1.2 Bacterial causes of respiratory disease 

Bacteria are capable of affecting many different organs. More than one bacterial 

species may be cultured from a lesion, or commensal bacteria may result in disease, 

causing confusion as to causality. Interpretation of bacterial culture results must be 
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undertaken with care and in light of other concurrent diseases, predisposing factors, 

previous medical treatment (including antibiotic therapy), and histopathology, prior to 

declaring causation. 

In many species, viruses cause immunosuppression, resulting in pneumonias 

that are further complicated by bacterial infections. It is often the cumulative action of 

bacterial products that results in severe damage to the lungs and subsequent clinical 

signs120.  

1.3.1.2.1 Coxiella burnetii 

Coxiella burnetii is a gram-negative, intracellular bacteria of the Order: 

Legionellales; Family: Coxiellaceae; Genus: Coxiella, Species: Coxiella burnetii. It is the 

etiologic agent of Q fever121–123. It is zoonotic and it is an important cause of abortion in 

sheep and goats. Infection in small ruminants is usually asymptomatic, however, during 

pregnancy, metritis, abortion and stillbirth or delivery of weak offspring can occur121. The 

bacteria are present in feces, milk, vaginal mucus, and birth products. Occasionally, 

granulomatous hepatitis, and/or non-suppurative interstitial pneumonia is reported in 

weak kids born following an outbreak121,122,124. 

1.3.1.2.2 Mannheimia haemolytica  

Mannheimia haemolytica is a gram-negative rod of the Order: Pasteurellales; 

Family: Pasteurellaceae; Genus: Mannheimia, Species: Mannheimia haemolytica. It is a 

common cause of cranioventral fibrinous and necrohemorrhagic bronchopneumonia, 
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and pleuritis in small ruminants and cattle 125, and is often cultured in bacterial 

pneumonias 125,126. This bacterium was previously known as Pasteurella haemolytica, 

and multiple serotypes have been identified for biotype A strains (those that were later 

reclassified as M. haemolytica)127. The major difference between these two serotypes 

appears to be a variation in the cell wall component, lipopolysaccharide (LPS) profile 

serotype 1 often being a smooth type (LPS 1), and serotype 2 being a rough type (LPS 

types 3 or 5)128. Both serotypes can be isolated from the nasopharynx of healthy goats 

and sheep. However, while serotype 1 (considered more pathogenic) is the most 

common isolate from lungs of animals with pneumonia, other serotypes including 

serotype 2 are recognized as capable of causing disease103,127,129. 

A ruminant-specific leukotoxin that impairs the alveolar macrophages and 

neutrophils responding to the bacterial infection was identified in all serotypes. Dying 

neutrophils subsequently release enzymes that contribute further to lung injury 126. 

Coinfection with other bacterial species is common in pneumonias that culture M. 

haemolytica.  

Mannheimia infection may result in a bronchopneumonia with consolidation of 

the cranial lung lobes, with or without fibrinous pleuritis. Kids and lambs <2 months of 

age may develop septicemia and no pneumonia103. Histologically, there are often 

neutrophils and fibrin with enmeshed bacteria within air spaces (alveoli and 

bronchioles). Necrosis is generally considered to be less evident than it is in P. 

multocida infection126.  
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1.3.1.2.3 Pasteurella multocida 

Pasteurella multocida is a gram-negative coccobacillus of the Order: 

Pasteurellales; Family: Pasteurellaceae; Genus: Pasteurella, Species: Pasteurella 

multocida. It commonly exists as a commensal bacterium in the upper respiratory tract 

of many livestock, poultry, and domestic pet species. It is an opportunistic bacterial 

pathogen that is one of the most common respiratory tract pathogens reported in small 

ruminants worldwide130,131. Disease follows exposure to stressful conditions, viral 

infections, poor ventilation, crowding, malnutrition, and parasitism. Lung invasion or 

septicemia is the outcome 43,125.  Infection with M. haemolytica is reported to promote 

colonization of the lung by P. multocida, resulting in a more severe pneumonia130.  

Clinically, as with other pneumonias, anorexia, pyrexia, coughing, dyspnea, 

mucopurulent nasal discharges, and depression are all reported. As with M. 

haemolytica, grossly apparent lesions may include bronchopneumonia with 

consolidation of the cranioventral lung lobes and possible foci of necrosis with or without 

fibrinous pleuritis. The affected areas may be sharply demarcated from the remainder of 

the lung, and red-purple or tan-grey in colour. Histologically, infection with P. multocida 

is similar to other bacterial pneumonias; there may be hemorrhage, necrosis, fibrin, 

edema, and neutrophils in air spaces (bronchi and alveoli), and interlobular septa may 

be expanded by fibrin 43,103,130. 
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Prior or ongoing viral infection (parainfluenza type 3, adenovirus type 6 and 

respiratory syncytial virus) may complicate lung lesions by the presence of a concurrent 

interstitial pneumonia132.  

1.3.1.2.4 Mycoplasma spp. 

Multiple mycoplasmas are occasionally isolated from cases of caprine 

bronchopneumonia and pleuritis, either alone or in conjunction with other bacterial 

agents133. Various Mycoplasma spp., Order: Mycoplasmatales; Family: 

Mycoplasmataceae; Genus: Mycoplasma, cause disease worldwide. M. ovipneumoniae 

and M. arginini are the species most commonly isolated in Canada, and M. mycoides 

subspecies mycoides or M. mycoides subspecies capri have been reported as 

implicated in outbreaks of polyarthritis, mastitis, and pneumonia in the U.S.A. and 

Canada134,135. Though not reported in Canada, caprine contagious pleuropneumonia 

caused by M. capricolum subspecies capripneumoniae is a significant cause of 

respiratory disease in other parts of the world136. 

Mycoplasma infection (resulting in pneumonia, with or without arthritis and 

mastitis) is of significant economic importance. It causes disease in a variety of species 

including small ruminants, and resulting in loss of production animals or their 

replacements125. Multiple Mycoplasma spp. have been identified in cases of pneumonia 

or pleuropneumonia, or systemic disease processes such as fibrinopurulent polyarthritis 

or ocular infection in kids, and mastitis or septicemia in adult goats 43,79,125. 
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Grossly, a cranioventral bronchopneumonia, with or without a dense layer of 

fibrin coating the pleura, often results. Histologically, there may be neutrophil 

accumulation within air spaces and hyperplasia of both bronchiolar and alveolar 

epithelial cells 125. Concurrent infection with other bacterial agents may be common. 

Culture and correlation with histological findings are often required for diagnosis. 

1.3.1.3 Parasitic causes of respiratory disease 

Parasitic pneumonia was not listed as a cause of death in any of the reviewed kid 

mortality studies. Infection with lungworm (Muellerius capillaris) is most commonly found 

in adult goats and large worm burdens have rarely been identified in kids less than 6 

months of age 137–139. Although included for completeness, parasitic pneumonia is 

unlikely to be responsible for kid mortality. 

1.3.1.3.1 Muellerius capillaris  

Muellerius capillaris, Order: Rhabditida; Family: Protostrongylidae; Genus: 

Muellerius, infestation may result in severe pneumonia and death within adult goat 

populations 139. Though rarely recognized as causing significant disease in goats less 

than 6 months old, depending on the system and season the kid is born, infection is 

possible in farms with large numbers of the infected intermediate hosts (slugs or snails). 

However, as this parasite has an indirect life cycle and a prepatent period of 6-8 weeks, 

a large number of the infected intermediate hosts must be consumed for a significant 

acute infection to occur. Most infections occur over many months137,139. Dyspnea and 

persistent cough occur with significant infection. Grossly, firm nodules are most 
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commonly seen in the dorsocaudal lung lobes. Histologically, the cross and longitudinal 

section of the larval and adult worms may be seen, often with inflammatory cells 137. 

1.3.1.3.2 Dictyocaulus filaria 

Dictyocaulus filaria, Order: Rhabditida; Family: Dictyocaulidae; Genus: 

Dictyocaulus, also known as “lungworm” is a nematode parasite with a direct life cycle. 

It infects goats, sheep, and deer103,132,140. Infections are not commonly reported in 

Canada and there are no published reports of D. filaria in kids less than 4 months of 

age. Adults are present in large and small airways, producing eggs that are coughed up, 

swallowed and pass out in the feces. Larva then develop to an infective third stage larva 

(L3) within the environment. Once ingested, L3 penetrate the small intestine wall, and 

moult to 4th and 5th stage larvae in the right colic mesenteric lymph nodes over a period 

of 6 days. At the 7th day of infection, they migrate via the lymphatics to the anterior vena 

cava, heart, and pulmonary arteries, and from there, the lungs. In the lung tissue, after 

day 12, they enter bronchi and bronchioles to either arrest development or mature to 

adults (an approximate prepatent period of 4 weeks)132,140. Coughing (with mucus 

production) and “ill-thrift” are the most commonly reported clinical signs132. Grossly, the 

lungs may be red and wet and adult worms are sometimes present in larger airways. 

Histologically, as with M. capillaris, cross and longitudinal sections of the parasites may 

be seen within bronchi or bronchioles103,140.  
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1.3.1.3.3 Protostrongylus rufescens 

The nematode Protostrongylus rufescens, Order: Strongylida; Family: 

Protostrongylidae; Genus: Protostrongylus, is reported to infect goats, sheep, and deer, 

but is not commonly reported in North America141. Eggs hatch into first stage larvae 

within the lung. These larvae are then coughed up and passed out in the feces. Larvae 

then penetrate the intermediate host (terrestrial snails), wherein two molts occur, 

developing to an L3 within 46-49 days. Animals ingest the snails and are infected by the 

larvae, which will travel via the mesenteric lymphatics to the lungs, where they will 

mature into adults. The prepatent period of a related parasite, Protostrongylus stilesi is 

reported as 1-2 months and it is hypothesized that the prepatent period for P. rufescens 

is similar142. No primary source for the reported prepatent period for P. rufescens could 

be found. Clinically, infection with this parasite is often silent, or only mild (mucopurulent 

nasal discharge, sneezing, coughing, and weight loss)143. Grossly, pulmonary lesions 

are reported as soft, round to angular, tan nodules, found in either the diaphragmatic 

lobes or diffusely throughout the lung. Histologically, similar to other pulmonary 

parasites above, cross and longitudinal sections of larval or adult nematodes, and or 

eggs may be observed in bronchi or terminal bronchioles. These parasites are often 

surrounded by numerous eosinophils, but smooth muscle hyperplasia is not 

observed103,143,144. 
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1.3.1.4 Fungal causes of respiratory disease 

There were no fungal agents reported in the goat kid mortality studies reviewed. 

Although a rare cause of pneumonia in goats, fungal pneumonia is reported in adults of 

various ages (ranging from 1 - 7 years old)145. 

1.3.1.4.1 Cryptococcus neoformans  

In an Australian case report, Cryptococcus neoformans, Order: Tremellales; 

Family: Tremellaceae; Genus: Cryptococcus, was identified as a cause of ulcerative 

granulomatous inflammation of the skin and the nasal passages of a goat145, and as the 

cause of pneumonia in a single goat in both Southern Brazil146 and Spain147. These 

reports noted clinical signs consistent with pneumonia (predominantly dyspnea, nasal 

discharge, and cough). In other ruminant species, loss of condition and granulomas in 

other tissues were reported 145,147. 

Grossly, the pneumonia characterized by consolidation of the cranioventral lung 

lobes with firm grey areas interspersed with darker red foci.  Histologically, the lesions 

correspond to areas of necrosis containing PAS positive, 3-10 um diameter 

blastoconidia. In one report, a variable inflammatory response is described; 

pyogranulomatous inflammation with epithelioid macrophages, and multinucleated giant 

cells around the necrotic foci/blastoconidia146. In another, extracellular yeast bodies with 

a limited cellular response was described as more typical of a Cryptococcus infection147. 
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1.3.2 Non-infectious causes of respiratory disease 

This section addresses causes of mortality that, though not strictly infectious in 

nature, have an infectious component that results in respiratory disease and mortality in 

small ruminants.  

1.3.2.1 Ammonia (toxic pneumonia) 

Exposure to anhydrous ammonia (ammonia in its pure gas form) results in a 

variety of upper and lower respiratory tract lesions, ranging most commonly from rhinitis 

and laryngitis with or without epithelial erosions, to diffuse alveolar damage103. While 

anhydrous ammonia exposure can cause direct lung injury, more often the milder 

damage it may cause contributes to the development of secondary, opportunistic 

bacterial infections103,148–150. Environmental exposure is the most common route (from 

urea in animal urine). Irritant gasses such as ammonia are recognized as paralyzing the 

cilia and changing the respiratory mucus concentration, or at higher levels damaging the 

respiratory epithelium itself 149,151. Clinically, this may present as chronic dyspnea, with 

or without clinical signs related to a secondary bacterial infection, if present151. Changes 

seen both grossly and histologically depend on the degree of exposure, ranging from 

little to no grossly apparent lesions, to loss of cilia. In cases with secondary bacterial 

infections, lesions consistent with bronchopneumonia are seen, similar to those 

previously described in the sections describing infectious causes of respiratory 

disease148,149. 
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1.3.2.2 Aspiration of amniotic contents 

Aspiration of amniotic contents (amniotic fluid as demonstrated by keratin 

squames and/or meconium) is a recognized cause of fetal hypoxia in humans and many 

other animals152–155. In humans this is recognized as “meconium aspiration syndrome” 

or “MAS”154. Keratin squames, shed from the fetal skin, are usually present within 

amniotic fluid153. Meconium is only present in the amnion following evacuation of the 

intestines, contaminating the amniotic fluid. Severe fetal hypoxia/acidosis triggers 

meconium expulsion by increasing intestinal peristalsis and relaxing the anal sphincter. 

As the fetus performs a gasping movement in a last attempt to correct hypoxemia, 

either in utero or during birth, this fluid (meconium contaminated or not) is aspirated153.  

While respiratory movement may occur in the fetus during development, the inspiratory 

effort in healthy animals is not strong enough to result in aspiration of amniotic fluid. 

Therefore, the presence of keratin squames or meconium visible histologically within the 

lungs, is a sign of fetal hypoxia or stress during gestation or birth152–154. Clinically, 

animals who have aspirated amniotic contents either clear the debris or develop 

respiratory signs.  

Grossly the lungs in an animal that has aspirated amniotic contents may appear 

normal or condensed and reddened, with or without neutrophil accumulation. The 

affected lung occasionally has a mosaic appearance consisting of dark red lobules 

interspersed with normal, pink, aerated lung153. There is a similar broad range in the 

histological appearance of lungs with aspiration of amniotic fluid, ranging from the 

presence of single keratin squames with little to no neutrophilic or histiocytic response, 
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to a suppurative bronchopneumonia. Meconium appears histologically as an amorphous 

orange-brown pigment and, as with keratin squames, may or may not be associated 

with inflammatory cells. Atelectasis may also be observed156. 

1.3.2.3 Aspiration pneumonia  

Aspiration pneumonia is inhalation of particulates, milk, feed material or 

medications (such as drenches), resulting in bronchopneumonia. An inflammatory 

reaction, with recognition of the foreign material within the lungs is required for the 

diagnosis, as multiple bacteria may be cultured from affected tissue. Congenital 

malformations (i.e. cleft palate), and other conditions such as white muscle disease, 

may predispose to aspiration pneumonia157. 

In younger kids, pneumonia with a history of tube feeding may suggest 

aspiration. In older goats, a history of recent drenching may be implicated in pneumonia 

with a focal, lobar or cranioventral distribution158. In all ages, diseases or toxins causing 

vomiting or retching (i.e. consumption of Laurel, Kalmia spp.), or neurological lesions 

causing dysphagia or difficulty prehending food, may result in aspiration of foreign 

material and subsequent pneumonia158,157. 

1.3.2.4 Fetal atelectasis 

Atelectasis is incomplete expansion of the lung. This may occur congenitally 

(failure of the lung to sufficiently expand following birth)159, or following airway 
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obstruction (caused by obstructive exudates or tumours) or compression (pleural or 

space occupying lesions such as exudative pleuritis or tumours)103.  

Fetal atelectasis generally refers to the congenital form, wherein the lung fails to 

expand fully following birth. Grossly the lung may appear similar to fetal lung (diffusely 

dark red to blue with a fleshy texture that is reduced in volume). Atelectatic lung often 

fails to float when placed into formalin. Histologically, air spaces will be difficult to 

discern, as alveolar walls lie in close apposition, resulting in slit like alveolar air 

spaces103.  

1.4 Diseases of the gastrointestinal system 

There are a variety of diseases that affect the gastrointestinal system. The most 

commonly reported major cause of death in the kid studies is “diarrhea”. There are 

multiple potential causes or the cause is unspecified2,13,94,23–25,69,71,72,74,75. Diarrhea often 

results in clinical dehydration, as well as electrolyte imbalance and hypoglycemia in all 

kid age groups but especially in young kids (i.e. birth to 7 days of age). If disease is not 

managed clinically, it may result in death. Neonates are particularly susceptible due to 

their lack of physiological adaptability, smaller size, and higher metabolic needs160. 

Diarrhea is an increase in water content of feces and there is often a colour change. 

The consistency of the gastrointestinal content can vary from pasty with undigested milk 

and milk clots, to loose or liquid. The colour can be clear, white, yellow, or green, 

depending on the agent involved, diet and age of kid affected. Blood may or may not be 

present. There is often abdominal distension with or without abdominal discomfort and 
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there may be loss of appetite161. Depending on severity, weight loss and weakness may 

result. The risk of mortality increases with the degree of dehydration and 

electrolyte/metabolic disturbance. If severe, these imbalances may result in life 

threatening metabolic acidosis, shock, seizures, and death. 

Causes of diarrhea may be infectious (viral, bacterial or parasitic), non-infectious 

or in concert. At the time of postmortem, the time from death to sampling is crucial 

because subtle lesions are masked by rapid autolysis, many viruses are fragile and 

disappear from tissues within 24 hours, and bacterial overgrowth occurs162. The 

intestinal mucosa autolyzes rapidly because of the digestive enzymes and microbiome 

present in the intestinal contents. Assessment of the intestines histologically is more 

challenging the further from time of death the samples are obtained (villous epithelial 

cells begin to separate from the basement membrane within 5-10 minutes following 

death163), or if samples are frozen and thawed.  

Grossly, diarrhea may be recognized by the degree of fecal staining of the hair 

coat of the perineum 160. Gaseous distension of the intestines, abundant watery 

intestinal content (consistency, colour, and volume may vary), and slight reddening of 

the mucosa 164, indicate diarrhea as a cause of death. If it can be assessed, dehydration 

may support a diagnosis of dehydration secondary to diarrhea as a potential cause of 

death. However, this may be confounded by tissue dehydration that may occur as part 

of tissue decomposition, desiccation, and mummification. Therefore, the ability to 

assess dehydration will depend on time since death and the method of preservation of 

the body165, or lack thereof.   



 

 

26 

 

Histologically, epithelial cells and cells within the lamina propria and submucosa of 

the intestines may be altered by the disease process. Fecal matter and or 

gastrointestinal tissue (including content) may be submitted for identification of the 

microbes present (bacterial, viral, and or protozoal) using methods including culture or 

molecular (polymerase chain reaction- PCR) 160,161,166,167.   

Some agents show higher prevalence in specific age groups. In kids less than 3 

weeks old these include Cryptosporidium parvum, Escherichia coli, Salmonella spp., 

rotavirus, and coronaviruses. For kids greater than 3 weeks and into the post-weaning 

period, parasites may often be present, in addition to the bacterial and viral agents. 

Agents causing diarrhea in older kids (pre-weaning to weaned) include Giardia spp., 

Eimeria spp., and Clostridium perfringens type D (enterotoxaemia)105,167,168. 

1.4.1 Infectious diseases of the oral cavity 

Most infectious diseases of the oral cavity listed in the following sections exert 

their deleterious effects by causing lesions of the skin. While these diseases may not be 

fatal in themselves, the damage to the oral mucosa results in decreased food 

consumption and thereby may contribute to starvation as a cause of death. 

1.4.1.1 Orf virus 

Orf is caused by a double-stranded DNA virus, of the Order: Chitovirales; Family: 

Poxviridae; Genus: Parapoxvirus, Species: Orf virus. It is also known as contagious 

pustular dermatitis, contagious pustular stomatitis, contagious ecthyma, and “scabby” or 
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“sore” mouth. It is a zoonotic disease that causes proliferative and crusting lesions of 

skin of the lips. This virus most commonly infects sheep and goats, but may infect 

reindeer, musk oxen, and a variety of other species experimentally169. While not 

recognized as a primary cause of neonatal mortality in any of the kid mortality studies 

reviewed, a severe persistent infection with orf virus contributes to mortality if the skin 

lesions result in the inability of the kid to see, eat or nurse169–171. The infection is usually 

self-limiting172,173. 

Disease is usually seen in both adults and young animals with an age range of 3-

6 months, however kids as young as 10-12 days may be affected169. Clinically, skin 

lesions include papules, pustules, vesicles, thick, brown, crusts and more rarely 

papillomatous growths. They are commonly around the mouth, oral cavity and nostrils, 

but may be seen elsewhere, such as the lower limbs, genitalia and udders of ewes or 

does, or more rarely esophagus, rumen, and abomasum. Affected animals may be 

anorexic or have decreased feed consumption and may be depressed and febrile. 

Occasionally, lymphadenopathy may present, and secondary bacterial infectious may 

also occur79,171–177. 

Histologically, there is usually necrosis of the superficial epidermis, overlying 

marked epidermal hyperplasia. Vacuolation of keratinocytes in the stratum spinosum is 

often present and eosinophilic or basophilic intracytoplasmic inclusion bodies may be 

observed. There are intraepidermal pustules and orthokeratotic to parakeratotic 

hyperkeratosis, and a serocellular crust containing degenerate inflammatory cell. The 
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epidermis undergoes hyperplasia as lesions progress. Secondary bacterial infection is 

common with neutrophilic inflammation and observable bacterial colonies171,174,176.   

1.4.2 Non-infectious diseases of the oral cavity 

The non-infectious diseases of the oral cavity in goat kids are largely congenital 

disorders such as cleft palate. Oral trauma affects the ability of a young animal to 

prehend food and thereby contributes to starvation as a cause of death. The causes of 

oral trauma are many and are generally described as a sporadic circumstance. 

1.4.2.1 Congenital disorders  

There are multiple congenital defects that can result in failure to thrive or are 

incompatible with life. Neonatal malformations can affect any body system or tissue 

57,178–185. These may be inherited, occur spontaneously, or develop from infectious or 

toxic agents. The embryonic development of the normal face and oral cavity is complex. 

The common aberrations seen in neonatal animals are clefts (most commonly primary 

cleft palate), brachygnathia inferior, prognathism and agnathia (with or without 

microglossia or aglossia). All may be found with congenital anomalies in other 

systems32,162,186,187. 

Grossly, these defects are apparent on external examination of the mouth. 

Opening the oral cavity is required for determination of palate defects, wherein a defect 

in the hard and or soft palate is observed. If unnoticed, palate defects often result in the 

aspiration of milk and the death of the kid, secondary to aspiration and asphyxiation, or 
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aspiration pneumonia. Most defects are recognized in newborns32,57. Less apparent 

malformations are recognized when the kids become more active. Kids with 

malformations that have little impact on fitness and survival as newborns, are less likely 

to die from their malformation at a later age, unless they are culled as not suitable for 

breeding184. 

Congenital abnormalities of the axial and appendicular skeleton or soft tissues 

are found as an epizootic or as sporadic findings, and often with no recognized 

predisposing etiological agent182,184. Ingestion of toxic plants by the dam184, or 

orthobunyaviral infections, such as Schmallenberg virus181, Cache Valley Virus188 or 

Akabane virus are associated with congenital abnormalities. Ingestion of Veratrum 

californicum179 is a well recognized cause of congenital abnormalities, especially 

cyclopia; however, disease has not been identified to date in Ontario.189,190. 

Disease because of toxic plants recognized as causing congenital anomalies (i.e. 

V. californicum as above, or Lupinus formosus or L. arbustus) is not reported in Ontario. 

Poison hemlock (Conium maculatum) may be present in Ontario but is generally 

recognized and avoided or weeded out by farmers to prevent exposure. The available 

plant lists identifying toxic species in Ontario may not be exhaustive191,192. 

1.4.3 Infectious diseases of the forestomachs 

Infectious diseases of the forestomachs result in epithelial damage leading to 

discomfort, pain, and likely anorexia. While not necessarily a primary cause of death in 

itself, the damage caused may contribute to starvation as a cause of death. The only 



 

 

30 

 

infectious disease reported in goats that may result in lesions in the forestomachs 

(rumen and abomasum) is orf virus (see section 1.4.1.2- Orf virus)176. 

1.4.3.1 Abomasitis 

Inflammation of the abomasum occurs with bacterial, viral, fungal, and parasitic 

agents. The majority of these infections have lesions in other organs, not just a primary 

abomasitis. As noted in the section 1.4.4.2. on abomasal dilation, abomasitis can occur 

in conjunction with ulceration, tympany/bloat, and occasionally trichobezoars193–198.  A 

multifactorial process is suspected195,198. Disease agents potentially causing disease in 

dairy goat kids (as they do in younger animals of other ruminant species) are the 

bacterial agents present as normal intestinal flora. These bacteria include Clostridium 

septicum (causing “Braxy” in sheep), Sarcina ventriculi, Clostridium perfringens type A, 

and rarely Clostridium sordellii (reclassified as Paeniclostridium sordellii199,200) and they 

may produce tympany, abomasitis, and abomasal ulceration162,193,194,201–203.  

Clostridial abomasitis, regardless of the specific bacterium, has a similar 

presentation and appearance. Braxy, caused by Clostridium septicum, occurs in more 

temperate climates, and causes sporadic disease in young animals. The pathogenesis 

of this disease process is not well understood, though it occurs with the onset of cold 

weather. The clinical signs (abdominal discomfort, distension, anorexia, and death) are 

attributed to exotoxin production by the bacteria (possibly alpha exotoxin)204. Grossly 

there may be bloody abdominal fluid, and the serosa of the abomasum may be red and 

coated in fibrin. The mucosa itself may be edematous, hemorrhagic, and/or necrotic. 
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Histologically, there may be suppurative inflammation and hemorrhage surrounding 

areas of coagulative necrosis within the mucosa, that may extend into the submucosa 

or muscularis, and venous thrombi may be observed162,205. 

The syndrome of tympany, abomasitis, and abomasal ulceration attributed to 

Clostridium perfringens type A, is reported in calves in the United States but not in 

goats. This bacterium is cultured from the intestines of healthy animals. The role of this 

bacterium in this disease is not known; production of necrotizing exotoxin is suspected 

following overgrowth of this bacteria. Clinically, calves may have abdominal distension 

and tympany, with abdominal pain, and may be depressed or die suddenly. Similar to 

infection with C. septicum, there may be reddening or hemorrhage of the mucosa of the 

abomasum, and ulcers may be observed in the fundic region198,202,204. Histologically, 

there is mucosal loss and ulceration, necrosis of the epithelium, submucosal edema, 

and thrombosis of the submucosal lymphatics. Generally mild neutrophilic inflammation 

may be seen in the submucosa162,206.  

1.4.4 Non-infectious diseases of the forestomachs 

The following are non-infectious causes of forestomach disease that could be 

observed in Ontario dairy goat kids. 

1.4.4.1 Acidosis 

While ruminal acidosis is considered a problem in bovids, sheep, and goats that 

are no longer pre-ruminants are also susceptible. Consequently, acidosis is a potential 
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cause of death of older, weaned or partially weaned goat kids in Ontario. Ingestion of 

excess carbohydrates is implicated as the underlying cause of acidosis. The resulting 

increase in acids following carbohydrate digestion can cause the ruminal pH to drop 

from a normal rumen pH of 5.5-7.5, depending on species and diet, and affect the 

composition of the ruminal flora. Normal rumen inhabitants include predominantly gram-

negative bacteria and protozoa, which may die at a rumen pH of less than 5. If the 

rumen pH decreases, streptococcal species may proliferate, resulting in increased 

production of lactic acid, further dropping the rumen pH. When rumen pH drops, ruminal 

stasis develops due to volatile fatty acid production, resulting in vasovagal reflex, with 

receptor mediated inhibition of rumen motility. At the same time, mastication stops, 

resulting in decreased saliva production and subsequent loss of buffers. As acid 

production increases, there is an increase in rumen osmotic pressure, resulting in fluid 

moving from the blood into the rumen162,207,208. Clinically this would appear as severe 

dehydration, with or without anuria, and may progress to circulatory collapse. As the 

osmotic pressure of the intestinal contents also increase once the high lactate digesta 

passes, further loss of fluid may occur (and may present clinically as diarrhea). Death 

occurs as a result of the metabolic acidosis with dehydration and circulatory 

collapse162,207.  

Grossly, findings of metabolic disease tend to be non-specific. In acidosis, 

grossly apparent signs of dehydration may be present, but the appearance of the 

ruminal content may vary depending on the time between ingestion of the high 

carbohydrate substances and the postmortem. Rumen pH may be measured 
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postmortem, but a low pH result is only confirmatory in early acidosis, as the pH often 

rises later in the disease process. The only gross finding considered suggestive for 

acidosis is rumenitis, often described as poorly defined, slight blue discoloration to the 

reticulum, omasum, and ventral sac of the rumen. The abomasum may be distended 

and there may be reddening of the mucosa. In some cases, the epithelium of the rumen 

may be difficult to peel from the underlying tissue, due to fixation by the low pH162,201,207. 

Histologically, there may be vacuolation or vesiculation of the ruminal epithelium, 

and ruminal papillae may appear enlarged. There may be small to moderate numbers of 

neutrophils in the mucosa and submucosa, and ulceration may or may not be 

present162,201.  

1.4.4.2 Abomasal dilation  

Though more often recognized clinically in young lambs and calves, abomasal 

dilation/tympany, or bloat is recognized in goat kids as a cause of acute mortality in kids 

less than 2 months old23,26. In the available literature on bloat in ruminants (small 

ruminants and cattle), there is often some overlap in both presentation and causality 

with other findings (e.g. trichobezoars193,194) or other abomasal disease (e.g. ulceration, 

abomasitis)194,197,198,209,210. Generally, there is an acute and rapid onset of abdominal 

distension with pain, progressing to respiratory compromise, shock, and death 194,210. 

Postmortem findings demonstrate gaseous/frothy fluid distension of the abomasum, 

with hemorrhage and mucosal necrosis 194,210. In ruminants there are many underlying 

causes, including bacterial pathogens such as Sarcina ventriculi and Clostridium 
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perfringens (type A and E), the feeding of diets such as milk replacers and milk pellets, 

management of the milk fed (improper cooling or handling) or the use of different 

feeding systems (pail feeding, abrupt feeding changes, overfeeding)194,195,201,204,209,211. 

All of these result in excessive gas production and abdominal distension194,201,209,210,212. 

1.4.5 Infectious diseases of the intestines 

While gastrointestinal disease was commonly discussed as a cause of death in 

the kid mortality studies reviewed, specific causes of gastrointestinal disease were 

generally not identified2,22,77,23,24,26,69,71–74. The following is a review of infectious causes 

of gastrointestinal disease identified in the publications or could potentially be observed 

in Ontario goat kids. 

1.4.5.1 Viral causes of gastrointestinal disease 

The following are a few viral causes of intestinal disease that may possibly be 

observed in Ontario dairy goat kids. 

1.4.5.1.1 Adenoviruses  

There are several adenoviruses reported from goats, but not all are yet 

recognised officially. The adenoviruses include the Order: Rowavirales; Family 

Adenoviridae; Genus: Mastadenovirus, Species: Ovine mastadenovirus A and B, ovine 

adenovirus 6, and caprine adenovirus 1, and Family: Adenoviridae; Genus: 

Atadenovirus, Species: Ovine atadenovirus D, ovine adenovirus 7. Adenoviruses (non-

enveloped, dsDNA) are generally recognized as being strongly host specific and are not 
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commonly associated with diarrhea in kids 89,107. However, according to a recent USDA 

survey of kid mortality, adenovirus has been identified and reported as a cause of 

diarrhea resulting in death 26, and multiple studies have isolated the virus from kids 

during diarrhea outbreaks89,107. Two serotypes (1 and 2) are implicated in causing 

diarrhea in kids ranging from 10-40 days old89,107, resulting in watery, yellow diarrhea 

and death shortly after onset 89. Gross lesions include catarrhal enteritis, liquid intestinal 

contents, and serous nasal and ocular discharge107. Histologically, crypts within the 

ileum may be dilated and filled with necrotic debris, and there may be intranuclear 

inclusion bodies in enterocytes89.   

1.4.5.1.2 Coronaviruses 

Bovine coronavirus is an ssRNA virus of the Order: Nidovirales; Family: 

Coronaviridae; Genus: Betacoronavirus, Species: Betacoronavirus 1, bovine 

coronavirus. 

Though not implicated as a cause of disease in the reviewed kid studies, 

coronavirus is recognized as a common cause of calf diarrhea, but there is little known 

about coronavirus in kids and no caprine specific stain has been identified. Although the 

virus has been identified in kids with diarrhea, it is either irregularly present or present 

only in low prevalence161,168 and lesions specific to coronavirus infection in goats were 

not discussed. In studies where the virus has been identified, other causative agents 

were concurrently present, suggesting that coronavirus is a contributor to disease rather 

than a primary etiological agent168. 
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1.4.5.1.3 Rotavirus 

Rotavirus is a dsRNA virus of the Order: Reovirales; Family: Reoviridae; Genus: 

Rotavirus, Species: rotavirus A, B, C and there are several serogroups (A through G). 

The identified goat rotavirus strains belong to groups A through C213 and are genetically 

related to bovine strains214.  Of these, group A appears to be the most commonly 

recognized viral serotype in kids with diarrhea in Canada215. The virus is commonly 

identified in diarrhea in kids, lambs, and calves less than 3 weeks of age and the virus 

may exist in high prevalence in sheep flocks216,217. Though often reported as a cause of 

diarrhea in kids under a month old, the epidemiology is not well understood. Though this 

virus is identified in kids with diarrhea, it may also be identified in kids who do not show 

any clinical signs, therefore its significance as a cause of morbidity and mortality in goat 

kids is unknown213,216,218. 

The gross lesions are as described for viral causes of diarrhea. In calves, 

infection caused by rotavirus cannot be histologically differentiated from coronavirus-

induced diarrhea. Small intestinal lesions include loss of epithelium with blunting of villi 

and villus atrophy, and may include expansion of the lamina propria by macrophages, 

eosinophils, and neutrophils162,219. In neonatal lambs, the virus causes disease alone 

and in combination with E. coli or cryptosporidial infections161,215. Infection of the colon 

is also possible216–218, resulting in damage to, and exfoliation of enterocytes, with 

increased cell turnover219. Although rotavirus is recognized as a potential cause of 

diarrhea in goat kids, reports describing the intestinal lesions specific to goat kids with 

rotavirus infections could not be found. As a result, whether or not intestinal lesions 
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similar to those described above may be seen in goats with rotaviral infections is 

unknown. 

1.4.5.2 Bacterial causes of gastrointestinal disease 

The following are a few bacterial causes of intestinal disease that may possibly 

be observed in Ontario dairy goat kids. 

1.4.5.2.1 Campylobacter spp.  

The Campylobacter bacteria of the Order: Campylobacterales; Family: 

Campylobacteraceae; Genus: Campylobacter, are a genus of motile, gram-negative 

bacteria. There are many species that can affect both humans and animals. The natural 

reservoir for this bacteria is poultry, though goats have been reported as potential 

carriers of the bacteria (C. jejuni and coli), if housed with other animals220–222. Mild 

diarrhea has been reported in pregnant does with C. jejuni prior to abortion, however 

infection with this bacterium is suspected, uncommonly, to cause abortion rather than 

enteric disease in goats223. A Campylobacter spp. is described as a cause of weaner 

colitis in sheep in Australia, and though the species was unidentified, it was not 

consistent with C. jejuni. Infection with this Campylobacter spp. in goats was not 

reported. Clinically, watery diarrhea was noted and in chronic cases, edema and loss of 

body condition were seen, suggesting that there was intestinal loss of protein. High 

morbidity was reported, but low mortality. Grossly, lesions in the intestines were similar 

to those described from other bacterial causes of diarrhea. Histologically, an 
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erosive/ulcerative typhlocolitis was observed, often with a bacterial layer adhering to the 

surface epithelium and within crypts162,224.  

1.4.5.2.2 Clostridium spp.  

Clostridium perfringens is a gram-positive, rod-shaped bacterium of the Order: 

Clostridiales; Family: Clostridiaceae; Genus: Clostridium, Species: Clostridium 

perfringens, that is commonly identified in the gastrointestinal tract; only occasionally is 

diarrhea observed. It is the rapid proliferation of the bacterium and subsequent toxin 

production that results in most clinical disease79,88,105,216. Multiple strains, types and 

diseases are identified. Types A through E are discussed below. 

C. perfringens Type A is commonly isolated in diarrhea cases in goat kids, but its 

pathogenicity is questionable. Type A, with alpha toxin alone, is the most common type 

isolated in mammals and also overgrows rapidly after death. Two Canadian case 

reports of diarrhea in a goat kid225 and a foal226 both recorded isolation of C. perfringens 

Type A from the intestines, that expressed the genes for beta2 toxin. In the case of the 

foal, the beta2 toxin was immunohistochemically demonstrated in the colonic lesions, 

suggesting pathogenicity of this toxin226.  In the goat case report, the presence of genes 

encoding beta2 toxin was noted to be uncommon for C. perfringens Type A, as it is 

usually only isolated from C. perfringens Type C. Therefore, the disease (diarrhea) was 

attributed to the beta2 toxin, as potentially expressed by the isolated C. perfringens 

Type A. In summary, both of these case reports attributed disease to the presence of C. 

perfringens expressing beta2 toxin. However, more recent studies in horses have been 



 

 

39 

 

unable to confirm this as an important cause of equine enteritis227, and there is no 

conclusive evidence that the beta2 toxin contributes to disease228. In result, the 

pathogenicity of this toxin remains uncertain at best. 

C. perfringens Type B, recognised in sheep as lamb dysentery, is rare in goats 

164,229.  

C. perfringens Type C has both alpha and beta toxins and it is the beta toxin that 

is of clinical importance. It is more common in goats under 10 days of age as they have 

low small intestine concentrations of trypsin, which is important in degrading beta toxin. 

This lack of protection can result in greater risk of disease164,230. 

C. perfringens Type D is a cause of diarrhea, and more notably enterotoxemia. 

Enterotoxemia is recognized as a common, serious disease of kids and less commonly 

adult goats, that results in mortality88,105. In C. perfringens type D, the epsilon toxin is 

important as a virulence factor and in typing the organism105. Clinically, enterotoxemia, 

due to C. perfringens Type D, occurs with sudden changes in feed or feeding practices 

(fresh pasture, excess grain or accidental access to stored feed), primarily in dairy goats 

under intensive management105,225. The course of the disease can be extremely fast 

(within 24 hours). Clinical signs may be absent prior to death or there may be sudden 

loss of appetite, lethargy, abdominal discomfort, or very rarely, profuse diarrhea with 

rapid progression to recumbency, coma, and death105. Glucosuria may be present and 

may be a useful diagnostic indicator, but is a nonspecific finding, and its absence does 

not rule out the presence of enterotoxemia162,231.  
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Grossly, findings in sheep are rarely apparent, as the elaboration of epsilon toxin 

within the intestines usually leads to the peracute presentation, where there is a 

complete absence of gross lesions105,164. Other gross findings observed in sheep and 

goats are relatively non-specific and include: pericardial, thoracic, and abdominal fluid, 

occasionally with fibrin, pulmonary edema, and serosal, endocardial/epicardial petechial 

hemorrhages162,231. Gross findings such as “pulpy kidney” or softened renal 

parenchyma have been described in sheep in association with C. perfringens type D. 

However, this is described as infrequently present, and in result is considered to have 

little significance diagnostically. This softening of the renal parenchyma is thought to be 

an example of accelerated autolysis (a postmortem change), as it is not observed in 

fresh carcasses162,231,232. Histologically, the intestinal lesions, if apparent, generally 

follow those seen grossly; in particular, perivascular edema in the brain is often 

considered pathognomonic for enterotoxemia. While lesions may support the diagnosis, 

identification of epsilon toxin or the genes responsible for it, in combination with any 

typical histological lesions, is required at minimum for confirmation.  In contrast to 

sheep, gross, and histological intestinal lesions reported in the goat include 

hemorrhagic, fibrinous or necrotic enteritis, or combinations thereof162,233.  

Clostridium perfringens type E has been implicated as causing enterotoxemia in 

a few case reports in lambs, calves, and rabbits234, but it has not been reported in 

goats235. In these case reports, it was assumed that iota toxin played a role in the 

development of enterotoxemia, however the pathogenesis is not understood234. Grossly, 

a reddened, ulcerated abomasum was observed, along with segmental hemorrhagic 
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enteritis. Jejunal lymph nodes were reported as reddened and enlarged, and in some 

cases pericardial effusion and serosal hemorrhages were described. Histologically, 

mucosal hemorrhage (with or without necrosis) with neutrophilic inflammation and 

edema of the submucosa is described234. The diagnoses in these cases were based on 

the isolation of C. perfringens type E from the intestinal contents of the unwell 

animals234. However, C. perfringens type E has also been isolated from the intestines of 

many healthy animals, meaning the presence of this bacteria is not definitively 

associated with causing disease162. 

1.4.5.2.3 Escherichia coli  

Escherichia coli is a gram-negative, rod-shaped, facultative anaerobic coliform 

bacteria of the Order: Enterobacterales; Family: Enterobacteriaceae; Genus: 

Escherichia, Species: Escherichia coli. Colibacillosis is the disease commonly identified 

as diarrhea in kids and lambs in the case reports and studies 

reviewed13,22,46,57,161,194,218,236, with up to 13.1 % mortality by 45 days of age reported236. 

Generally, it affects kids less than 5 days old, though older kids can also be affected. 

Four pathotypes of Escherichia coli are recognized in goats with diarrhea: 

enterotoxigenic E. coli (ETEC), enteropathogenic E. coli (EPEC), enterohemorrhagic E. 

coli (EHEC), and enteroinvasive E.coli (EIEC)237. The incidence of E. coli attributed 

diarrhea is generally increased in kids raised under intensive conditions and with over-

crowding. Poor sanitation is a contributor to the development of disease. However, E. 

coli is a normal inhabitant of the intestines and may not be directly responsible for 

diarrhea. It should be typed to determine its role in disease194,237.  
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ETEC, commonly recognized as a major cause of diarrhea in neonatal pigs, 

calves, and lambs, is virulent due to its ability to attach to and colonize enterocytes 

through its colonization factor antigens (fimbriae and pili), and its production of heat 

labile or heat stable enterotoxins that result in hypersecretory diarrhea160,237.  There are 

minimal lesions with this type as it is not invasive. ETEC is a cause of diarrhea in kids 

237.  

EPEC, another non-invasive type of E. coli, has adhering and effacing proteins, 

that may result in destruction of the enterocyte brush border and subsequently results in 

disease164,237. Though reported in goats237, it is not mentioned specifically in any of the 

reviewed studies on kid mortality, and appears to be mainly of concern due to the risk of 

transmission to humans 238. 

EHEC, also known as Shiga toxin-producing (STEC) or verotoxin producing 

(VTEC), has attaching and effacing genes and produces verotoxin. It may cause 

diarrhea in young ruminants 239, as was found in an outbreak of watery diarrhea in a 

goat herd in Ontario240. It is well known for its public health significance, as its serotype 

O157:H7 may cause a severe enteritis and hemolytic uremic syndrome in humans 

161,164,237,239. 

The EIEC pathotype, is reported in enteric disease 237, but causes septicemia 162. 

In these cases, diarrhea may be a clinical sign, even though the primary problem is 

bacteremia and subsequent endotoxemia. Colisepticemia will be discussed further in 

the section on septicemia (1.12.1). 
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1.4.5.2.4 Salmonella spp. 

Salmonella spp. is a gram-negative, rod shaped bacterium of the Order: 

Enterobacterales; Family: Enterobacteriaceae; Genus: Salmonella, Species: Salmonella 

enterica. There are multiple serovars. A specific host-adapted serovar is not identified in 

goats, but many serovars are reported to cause diarrhea and septicemia in goats. 

Predominantly S. enterica serovar Typhimurium, causes disease. Other serovars have 

also been identified including S. enterica Dublin, Poona, and Adelaide. Though 

Salmonella spp may be found in the feces of healthy goats, outbreaks can occur. 

Outbreaks often depend on such external factors as the presence of a serovar specific 

to the host, or the introduction of a carrier animal, or are caused by internal factors, 

such as severe stress or immune suppression31. There are two age-related patterns of 

salmonellosis in kids; neonatal septicemia (defined as 1 week old and younger), and 

pre-weaning enteritis (defined as goat kids up to 8 weeks of age), and the two 

presentations are often related161,241. Enteritis/septicemia is also recognised in mature 

goats. Animals presenting for acute death may not have gross lesions. 

The clinical signs of Salmonella septicemia in goats include profuse watery 

diarrhea and death. In older pre-weaning to weaned kids there may be petechial 

hemorrhages on multiple organs, peritoneal effusion, and edema of the intestinal 

mucosa161,242. Identification of the bacterium in multiple organs allows for the diagnosis 

of septicemia. Culture of intestinal content or intestine, combined with supportive gross 

and/or histological lesions, allows for diagnosis of enteritis. 
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1.4.5.2.5 Yersinia spp.  

The Yersinia species of bacteria are gram-negative coccobacilli of the Order: 

Enterobacterales; Family: Yersiniaceae; Genus: Yersinia, Species: Yersinia 

enterocolitica. They are reported to cause disease in goats worldwide (with reported 

cases from North America, Europe, and Australia)243,244, though prevalence in goats and 

association of the bacterium with disease are not well understood244. Yersinia 

enterocolitica, an enteric form, causes sudden death and occurs in kids under 6 months 

of age. This form may or may not cause diarrhea and the severity of the lesions varies. 

Foci of necrosis and edema in the intestines is most commonly reported, and bacterial 

culture is required for definitive diagnosis243. Yersinia infection is a zoonotic concern243–

245. 

1.4.5.3 Parasitic causes of gastrointestinal disease 

Endoparasites cause serious disease in goat kids due to their immunological 

naivety. Resistance to nematodes develops over time, and with exposure 246. 

Regardless of immunologic resistance, a significant burden of parasites may result in 

clinical disease.  

1.4.5.3.1 Protozoal parasites 

The following are the protozoal species that cause diarrhea in goats and goat 

kids. 
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1.4.5.3.1.1  Coccidia. 

Coccidiosis in goats is caused by the Phylum: Apicomplexa, Order: 

Eucoccidiorida; Family: Eimeriidae; Genus: Eimeria. It is a commonly recognized cause 

of diarrhea in young goats from 3 weeks of age to 5 months. Group housing is a 

particularly strong predisposing factor13. Generally, host species specific Eimeria spp. 

cause clinical disease, and there are multiple caprine specific species with subtle 

phenotypic differences identified worldwide72. Of these, the species most commonly 

identified in goat feces are: Eimeria arloingi, E. christenseni, E. hirci, E. caprina, E, 

ninakohlyakimovae, E. aligjevi, E.apsheronica, E. jolchijevi, and E. caprovin247. The 

severely pathogenic species of significance that may be observed in Ontario are: 

Eimeria arloingi, E. christenseni, E. ninakohlyakimovae, and E. caprina248, though 

speciation is not commonly performed on test results and infections are more commonly 

reported only as Eimeria spp.  The prepatent period for these species ranges from 10-

23 days, with the shortest possible prepatent period being E. ninakohlyakimovae and 

the longest is E .christenseni248.  

Oocysts are commonly present in both goats with clinical signs and those that 

are clinically unaffected. Age related resistance is recognized (generated by continuous 

exposure to other affected animals), and resistance is generally present by 5 months of 

age167. Neonatal exposure to oocysts can result in outbreaks of clinical disease. 

Diarrhea is the most common clinical sign (following inflammation of the intestine). If 

severe, diarrhea can be hemorrhagic and result in extensive blood loss; alternately loss 

of fluids and electrolytes can result in kid death162,247,249. Sequelae such as secondary 
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bacterial infection and septicemia, may be observed following disruption of the 

mucosa85,167,250. The characteristic gross finding is the presence of multiple white 

nodules throughout the mucosa and serosa of the small intestine (sites of gametogony). 

The affected intestine may be edematous and reddened167,250–252. Histologically, varying 

numbers of oocysts, asexual and/or gametogenous forms of the parasite are present in 

the infected epithelium, and there may be epithelial erosion and villous atrophy or crypt 

destruction and hyperplasia depending on the degree and duration of infection162,253.  

1.4.5.3.1.2  Cryptosporidium parvum 

Cryptosporidiosis results from infection with the Phylum: Apicomplexa, Order: 

Eucoccidiorida; Family: Cryptosporidiidae; Genus Cryptosporidium, Species: 

Cryptosporidium parvum. This protozoa infects goats of any age and is a significant 

cause of fatal diarrhea in goat kids less than one month old (primarily those from 48 

hours to three weeks old)83,84,95,167,254. Of the numerous Cryptosporidium species, 

Cryptosporidium parvum is recognised as the most common in small ruminants95,168. 

Cryptosporidia are apicomplexan protozoal parasites that spread via the fecal-oral route 

following shedding of environmentally resistant oocysts. As oocysts are extremely 

resistant to degradation, there is prolonged risk of transmission through the local 

environmental167.  Build-up of infective, difficult to destroy oocysts within the 

environment can result in rapidly progressive outbreaks of diarrhea and 

dehydration83,95,167. 
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When infective oocysts are ingested, they undergo schizogony, an asexual, rapid 

multiplication, resulting in the production of meronts. The prepatent period is generally 

2-7 days in calves and lambs.  Meronts release merozoites into the lumen of the 

intestine, further infecting enterocytes as intracellular, extra-cytoplasmic parasites. 

Sexual multiplication occurs within enterocytes, resulting in production of zygotes 

(sporulated oocysts). Zygotes can rupture from the epithelial cells of the small intestine, 

resulting in either autoinfection or further transmission through the feces95,167. When 

multiple cells rupture as part of the replicative process in a heavy infection, enterocyte 

damage alters the ability to absorb and digest nutrients, and diarrhea results95,255.  

Clinically, watery diarrhea is seen in young kids, which can progress to 

depression, dehydration, and death.  

Grossly, lesions are non-specific. Lesions are commonly identified in the ileum, 

which is the preferred site for specimen collection diagnosis (by smear or histology). On 

histology the parasite forms small, round, basophilic projections along the apical 

mucosal surface (brush border of enterocytes). Other reported lesions are villus atrophy 

and fusion256. Diagnosis is confirmed by identification of oocysts in feces or the 

organism itself on impression smear or histology162. 

Cryptosporidiosis is zoonotic, especially in immune suppressed individuals83. 
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1.4.5.3.2 Nematodes 

Gastrointestinal nematodiasis (Phylum: Nematoda; Order: Rhabditida), often 

affects the host by causing a reduction in voluntary food intake, reduced utilization of 

ingested nutrients, reduction in serum protein (less than 2.5g/dl), and depending on the 

species, reduction in erythrocytes162,257–259.  

General postmortem findings include emaciation, reduction of fat reserves or 

serous atrophy and subcutaneous edema. Haemonchus contortus adults are visible 

grossly and cause of ulceration or hemorrhage within the abomasum. Teladorsagia 

produce a subtly nodular abomasal mucosal surface due to developing larva distending 

the gastric glands249,260. In many cases, non-specific changes such as reddening and or 

edema of the intestinal mucosa (presumptive enteritis), and soft feces may be the only 

finding on postmortem.  

Histologically, larval and adult worms may be identified by morphological 

characteristics in combination with clinical history162,249,261. For parasites that are not 

visible to the naked eye, identification of ova within feces may allow diagnosis and 

estimation of the parasite burden (McMaster fecal egg count). 

1.4.5.3.2.1 Rhabditids 

Rhabditid gastrointestinal nematodes of importance in goats are of the Phylum: 

Nematoda; Order: Rhabditida; Family: Trichostrongylodae; Genus: Haemonchus, 

Ostertagia, Teladorsagia, Trichostrongylus, Family: Cooperiidae; Genus: Cooperia, and 
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Family: Molineidae; Genus: Nematodirus.  All members of these families share similar, 

direct life cycles, with passing of ova in feces and infection caused through ingestion of 

the larval stage L3262. Development occurs in gastric or intestinal glands, with adults 

present on mucosal surfaces. Prevalence of individual species on infected pastures or 

infected goats varies with time of year79,84,260. Species that cause mortality in young 

goats include: Cooperia curticei, Haemonchus contortus (most common in Ontario), 

Teladorsagia circumcincta, Trichostrongylus axei, and Trichostrongylus colubriformis 

260. Nematode infections may involve more than one species, making determination of 

the pathogenicity of the individual species difficult. Young kids, at pasture after weaning 

(between 2 months and 2 years of age), may develop infections with Haemonchus, 

Cooperia, Nematodirus, Teladorsagia, and Trichostrongylus species, resulting in loss of 

condition, dullness and potentially diarrhea and death in young goats at pasture79,260,263. 

Direct damage to epithelium of the abomasum or small intestines by migrating and 

burrowing nematodes Teladorsagia spp. and Trichostrongylus axei, may result in 

impaired absorption by villi, mucosal hyperplasia, and reduced excretion of hydrochloric 

acid. In result, protein digestion is altered and there may be weight loss and 

diarrhea261,264.  

Haemonchus contortus is a blood feeding parasite, which if present as a 

significant burden, may result in a rapidly developing anemia and hypoproteinemia, 

resulting in the typical edema of the intermandibular region (“bottle jaw”). Depending on 

the degree of infection, the hematocrit may be reduced to within the range of 15-25 % or 

even less than 9 % with severe haemonchosis (normal range 22-38 %)258,259,265,266. 
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Affected kids are often weak and reluctant to move. The “barber pole”, white and red 

striped parasites can be visible grossly within the abomasum260,264,266.  

1.4.5.3.2.2  Strongyloidiasis  

Strongyloides papillosus is a nematode of the Order: Rhabditia; Family: 

Strongylidae; Genus: Strongyloides. It may develop either under free-living or parasitic 

conditions. Ova pass in feces and develop to an infective third stage larvae, that infects 

goats through direct penetration of the skin or mucosa. In contrast to the 

Trichostrongylidae, after ingestion and localization in the lungs via the blood stream, 

they are coughed up and swallowed, undergoing maturation in the intestine162. 

Transmission to neonates is also possible via the milk of infected mothers and as such, 

S. papillosus may be the only intestinal parasite seen in the pre-weaned kid, where the 

parasite burden may contribute to ill thrift and increased susceptibility to disease 267. 

1.4.5.3.2.3  Cestodiasis  

Cestodes, Phylum: Platyhelminthes; Class: Cestoda, Order: Cyclophyllidea; 

Family: Anoplocephalidae; Genus: Moniezia, Species: Moniezia expansa and Family: 

Taeniidae, Genus: Taenia Species: Cysticercus tenuicolis and Cysticercus ovis  were 

not reported in kid mortality in the studies reviewed and pathogenicity is generally 

considered to be low. Moniezia expansa is the most commonly observed tapeworm of 

small ruminants in Canada. It is unlikely to be identified in goat kids under 4 months of 

age. In the intermediate host, carnivore tape worms, Cysticercus tenuicolis (the larval 

stage Taenia hydatigena) and Cysticercus ovis (larval stage of Taenia ovis), are not 
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considered pathogenic. As intermediate hosts, goats consume eggs on infected 

pasture.  The parasites have a prepatent period of 50 days (M. expansa)268 or are 

present in small ruminants in an encysted stage (C. ovis, C. tenuicolis)269 Infection of 

kids less than 4 months of age, if it occurs, is not considered to result in death. 

1.4.5.3.2.4  Trematodiasis  

There were no trematodes reported as a cause of kid mortality in any of the 

studies reviewed. Species present in Canada, though unlikely to be identified in goat 

kids include: Clade: Trematoda, Phylum: Platyhelminthes; Class: Rhabditophora, Order: 

Plagiorchiida; Family: Fasciolidae; Genus: Fasciola, Species: Fasciola hepatica and 

Fascioloides magna, and Family: Dicrocoeliidae; Genus: Dicrocoelium; Species: 

Dicrocoelium dendriticum262,270–273.  These species have a long prepatent period of 2-3 

months and infection is only possible if the encysted infectious miracidia are consumed 

on green pasture. Therefore, infection is only possible in weaned kids who are on 

pasture near streams or ponds harbouring the intermediate host (snails of the genus 

Lymnea for F. hepatica and magna, or land snails, followed by Formica fusca ants for D. 

dendriticum). Infection likely only occurs in the spring through summer months274–276. 

Only a weaned goat kid eating from a very contaminated pasture could be infected by 

these parasites. Infected goats have migratory tracts and hemorrhage within the liver. 

These may provide the anaerobic environment for Clostridium novji induced hepatitis. 
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1.4.6 Non-infectious diseases of the intestines 

Not all diarrhea is caused by infection. There are various toxic and toxigenic 

causes that alter gastrointestinal function or cause necrosis of the intestines26. 

Regardless of cause, clinical outcomes are similar. Non-infectious causes include 

hypermotility secondary to abdominal discomfort or pain, carbohydrate overload (lactic 

acidosis), over feeding (i.e. poorly digestible milk replacer components) or other dietary 

alterations51,79,277. Clinically, this is indistinguishable from bacterial or viral causes and in 

some cases may be further complicated by concurrent infections160,277. Diagnosis is 

difficult and often presumptive at best, as based on clinical history and lack of any other 

identifiable cause277. However, lack of an identifiable cause does not definitively rule out 

an infectious process. 

1.5 Diseases of the nervous system 

Diseases of the nervous system can either contribute to or cause death of a goat 

kid in numerous ways. The following diseases are those that may possibly contribute to, 

or cause disease in goat kids in Ontario. All of these are reported in North America. 

1.5.1 Infectious diseases of the nervous system 

The following infectious diseases, though often resulting in multiple systemic 

effects, are reported as causing neurological disease in goat kids. Certain bacterial 

diseases that may cause meningitis/encephalitis (i.e. Listeriosis) are included under 

Multisystemic causes of kid mortality (section 1.12). 
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1.5.1.1 Border disease virus 

Border disease virus is an enveloped ssRNA pestivirus of the Order: 

Amarillovirales; Family: Flaviviridae; Genus: Pestivirus, Species: Pestivirus D. It is 

closely related to 3 other viruses, Pestivirus A and B (bovine viral diarrhea viruses 1 and 

2), and Pestivirus C (Classical swine fever virus). Pestivirus D is most commonly 

identified in sheep but has been recognized sporadically in Canadian goat kids. A herd 

history of reproductive loss, combined with live kids with neurological signs, supports a 

presumptive diagnosis of Border Disease.  Ruling out other clinical causes of tremors or 

neurological conditions, such as white muscle disease, trauma or congenital 

malformation is required for definitive diagnosis. Clinically, there is fetal loss. If live kids 

are born they may present with weakness, tremors, and an excessively hairy coat 

(“hairy shaker”)79,278. Tremors may affect the kid’s mobility, making nursing difficult and 

resulting in hypoglycemia. Gross lesions may vary; if severe, hydrocephalus and 

cerebellar hypoplasia may be seen. Histologically, there may be loss of myelin and 

increased numbers of glial cells in the cerebral cortex. The virus or viral antigen may 

also be identified by IHC or PCR279,280. 

1.5.1.2 Caprine arthritis encephalitis virus 

Caprine arthritis encephalitis virus (CAEV), an enveloped ssRNA virus (Order: 

Otervirales; Family Retroviridae; Genus: Lentivirus), is a very important cause of 

disease in goats. It results in several disease syndromes including arthritis, mastitis, 

progressive paresis, and/or pneumonia. Transmission is either vertical from dam to kid 
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through passage of the virus in milk or colostrum, or horizontal by direct contact with 

respiratory secretions containing cellular material from infected animals117. The virus 

may have a long pre-patent period, in which the viral infection is inapparent and many 

infections are sub-clinical. The predominant form seen in goat kids from 2 to 6 months 

of age is encephalomyelitis281,282. Clinically, with the rare encephalitic form, the kid may 

present with lameness, ataxia, and hypertonia/hyperreflexia, which may progress to 

paresis and paralysis. Kids may also be depressed with head tilt, circling, nystagmus 

and sometimes dysphagia. Death is from a direct effect of the virus or due to secondary 

infections resulting in pneumonia or hypothermia105,281. Grossly, there may be 

asymmetric multifocal malacia within the white matter of the brain and spinal cord, with 

cloudy meninges. Histologically, there are multiple aggregates of mononuclear cells and 

demyelination of neurons.  

Clinical signs in combination with histology may allow a presumptive diagnosis, 

but definitive diagnosis relies on immunohistochemistry (IHC) to demonstrate presence 

of the viral antigen in tissues such as the brain and spinal cord280,283,284. 

1.5.1.3 Cache Valley virus 

Cache Valley Orthobunyavirus is an ssRNA virus of the Order: Bunyavirales; 

Family: Bunyaviridae; Genus: Orthobunyavirus. This virus, found throughout North 

America, is transmitted by the bite of an infected mosquito. Infection in sheep is largely 

subclinical. If occurring in pregnancy, it may result in embryonic death or in a variety of 

fetal malformations including hydranencephaly, arthrogryposis, and scoliosis. There is 
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no vaccine, however seropositive animals demonstrate some protection from reinfection 

by the same serogroup of virus 188. Lesions are largely fetal malformations (as 

described above), including cerebellar hypoplasia or aplasia, neuropil rarefaction and 

malacia in the spinal ventral horn neurons, motor tracts, and ventral spinal nerves. 

There may be myodegeneration in affected calves and lambs280. Diagnosis is confirmed 

by ELISA or PCR testing of homogenized and extraction-buffered placenta or tissue 

samples188,285. There are some case reports identifying this virus in goats286,287. 

1.5.1.4 Clostridium tetani 

Tetanus, caused by Clostridium tetani, a gram-positive, spore forming anaerobic rod-

shaped bacterium (Order: Clostridiales, Family: Clostridiaceae, Genus: Clostridium), is 

a recognized cause of a syndrome characterized by hyperesthesia, muscular rigidity, 

and convulsions. The bacterium is found in the environment (in feces and soil) and is 

very resistant to destruction (allowing its persistence in soil for years). When the 

bacterium is in an anaerobic wound, it proliferates and releases a neurotoxin 

(tetanospasmin), which, when ascending the peripheral nerves to the spinal cord, will 

block the effect of interneurons on alpha motor neurons, resulting in sustained motor 

neuron discharge and the clinical signs of tetany79,119,280,288. 

Goats and other ruminants are recognized as being susceptible to tetanus. The 

bacterium is introduced by wounds that occur during routine procedures (e.g. 

disbudding, tattooing, castration, hoof trimming, ear tagging, injections, shearing, and 

the use of castrator bands79,119,289,290), or during the everyday life of the animal (e.g. 
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fighting with other goats, accidents, and trauma in pens, or rubbing of neck chains79,119). 

Clinically, tetanus has been reported in kids as young as one-week old following 

disbudding. Descriptions include stiff gaits, mild bloat, and an “anxious” expression, 

progressing to a wide-based “sawhorse” stance with stiffening of the limbs, ears, and 

tail, with prolapse of the third eyelid. The animal is reported as reluctant to move and 

may have difficulty opening its mouth (“lock jaw”). If the muscles in the mouth and 

esophagus are affected, there may be accumulation of food in the mouth or excess 

salivation dripping from the lips. With chronicity, hyperesthesia is reported, with the 

animal having a dramatic response to sound or touch (such as collapsing), and seizures 

may occur, followed by recumbency with extensor rigidity and 

opisthotonos79,119,288,289,291. Death usually occurs secondary to respiratory failure, 

following disruption of the muscle activity of the diaphragm79,119,280,288,291. 

The only gross or histological lesions associated with tetanus are non-specific, 

such as the presence of wounds or necrosis of the tissue in a wound (due to tetanolysin 

toxin)288, however the source of the infection may not be apparent. There are no grossly 

or histologically apparent lesions in nervous tissue associated with tetanus, as the 

tetanospasmin toxin blocks neurotransmitter release, with no direct 

inflammatory/degenerative effect on the neurons themselves280. The wounds may be 

observed on postmortem or physical examination, and the bacterium may be cultured 

from the wound. However, any lesions observed on PM can only be considered 

supportive of tetanus, not confirmative. A diagnosis of tetanus is made based on the 
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clinical findings, and ruling out the other potential causes of stilted/stiff gaits, 

recumbency etc79,119. 

1.5.2 Non-infectious diseases of the nervous system 

There are a few non-infectious causes of nervous system diseases in goat kids. 

The majority of these are dietary deficiencies (in utero) and the disease is often 

apparent early after birth. 

1.5.2.1 Copper deficiency (Enzootic ataxia or “Swayback”)  

Enzootic ataxia occurs sporadically in lambs and kids but was not a cause of kid 

mortality in the reviewed studies.  

Copper deficiency in utero results in a progressive paresis in kids due to 

demyelination and neuronal degeneration in the central nervous system. It is 

uncommon in kids79,292.  Enzootic ataxia is the condition that develops after birth, and 

“enzootic swayback” is commonly used for the congenital form, however both terms are 

often used synonymously280. The disease is caused by low copper levels in feeds, or 

because uptake of copper is prevented by concurrent consumption of copper 

antagonists such as manganese, molybdenum or iron280. Affected kids tend to be 

unremarkable at birth and later developing a progressive paresis. The age of 

presentation varies from 1 week of age to as late as 28 weeks. Clinical signs include 

weakness, tremors, fatigue, and progressive ataxia. Grossly, the brain may be 

unremarkable on postmortem, however the kid may be thin with evidence of muscle 
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wasting292. Histologically, lesions are bilaterally symmetrical neuronal degeneration and 

demyelination in the brain and spinal cord. Diagnosis at postmortem is most often made 

based on the presence of characteristic lesions, with low tissue copper concentration280.  

1.5.2.2 Magnesium deficiency “Grass Tetany”  

Deficiency of magnesium is sometimes referred to as “grass tetany”26,293.  

Clinically, such a deficiency may result in anorexia, hyperexcitability, salivation, and 

tetany progressing to recumbency, seizures, and death. This syndrome is more 

commonly recognized in dairy cattle294. It is a cause of death in weanlings and older 

goat kids (>6 months of age) in the USA26. Magnesium deficiency is a clinical diagnosis 

confirmed with a blood serum level of magnesium less than 1.1 mg/dl293. There are no 

gross or histological neural lesions280.  

1.5.2.3 Polioencephalomalacia  

Polioencephalomalacia, also known as cerebrocortical necrosis, occurs in goats 

under intensive management, generally with the feeding of concentrates. It is more 

common in sheep of all age groups105. It results from thiamine deficiency, however 

similar lesions (softening of the grey matter) occur with toxicoses of lead, sulfur, and 

salt280. Most cases are in weanlings and young adults who initially present with 

depression, anorexia, and occasionally diarrhea, progressing to further neurological 

dysfunction such as excitation, stargazing, circling, tremors, ataxia, and blindness79.  

With progression, recumbency and convulsions occur. Findings on postmortem 

examination are in the brain, where polioencephalomalacia is recognized by its 
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fluorescence under ultraviolet light. Histological lesions include laminar necrosis of the 

affected gyri, with neuronal degeneration and vacuolation280.  

1.5.2.4 ‘Floppy kid syndrome’  

Though not identified as a cause of death in any of the reviewed kid mortality 

studies, Floppy Kid Syndrome is recognised in goat kids up to 30 days of age and it has 

high morbidity and mortality295,296. The condition is believed to be caused by an 

increased plasma D-lactate concentration, resulting in signs such as salivation and 

distension of the abomasum in 3-14 day old kids295,296, ataxia, knuckling in the front 

limbs, and listlessness progressing to somnolence or coma100,296. First described in 

1991, it occurred in Ontario in two-week old goats297 and in the United States in four to 

thirty day old goats. It is a clinical diagnosis, confirmed by blood gas analysis 

demonstrating metabolic acidosis and increased D-lactate in the absence of diarrhea100. 

D-lactate can be produced by mammals in small amounts via the methyl-glyoxal 

pathway following bacterial fermentation of carbohydrates, however goat kids do not 

typically have access to carbohydrate rations at this age. The syndrome can be avoided 

by the prevention of suckling, suggesting that D-lactate producing bacteria are obtained 

through nursing 296. As such, the presumed cause of this syndrome is dysbacteriosis 

resulting in excess D-lactate producing bacteria in the gut, leading to acidosis. The 

bacterium responsible has not yet been identified100. 
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1.6 Diseases of the cardiovascular system 

Diseases of the cardiovascular system are varied in clinical presentation and 

effects. Diseases of the heart, its valves, and/or vasculature can have a variety of 

deleterious effects on an individual. These may range from mild effects on overall 

fitness up to and including death outright298,299. 

1.6.1 Infectious causes of cardiovascular disease 

Reported infectious cardiovascular disease in small ruminants include 

‘Heartwater’ (Ehrlichia ruminantium), onchocerciasis (Onchocerca armillata), filiariasis  

(Elaeophora schneideri), and schistosomiasis (Schistosoma spp.)299,300. 

Of these, Elaeophora schneideri (a filarial parasite) is the only infectious case of 

vascular disease reported in Canada (Southwestern Canada) and the parasite has a 

prepatent period of 6 months301,302. The range of distribution and the prepatency period 

of this parasite, mean a diagnosis of death secondary to thrombosis by this parasite is 

unlikely to be observed in goat kids in Ontario. 

1.6.2 Non-infectious causes of cardiovascular disease 

As with many other causes of non-infectious disease, congenital, toxic or 

nutritional deficiencies are most often implicated. 
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1.6.2.1 Congenital defects 

There are multiple congenital cardiovascular defects described in a variety of 

species, with great variation in the severity of the lesions described among individuals. 

Depending on the lesion severity, clinical signs may or may not be appreciated. While in 

humans, some defects are known to have an underlying genetic determinant, this has 

not been proven in all animal species32,299. Congenital heart defects were not reported 

as a primary cause of death in goat kids in any of the papers reviewed. However, 

congenital defects may either contribute to/or cause death.  Cardiac defects may result 

in general ‘poor doing’ (appearing clinically as exercise intolerance, weakness, 

increased susceptibility to disease, etc.) or sudden death298. Grossly, lesions affect any 

portion of the vasculature, valves or myocardium.  Atrial and ventricular septal defects, 

and transpositions of the great vessels of the heart are most commonly reported in 

cattle303,304. There are no similar reports listing the most common cardiovascular defects 

observed in small ruminants. A description of all possible heart defects that may be 

observed in domestic species is beyond the scope of this review. 

1.6.2.2 Neural injury and myocardial necrosis “brain-heart syndrome” 

A subendocardial necrosis occurs with neurological disease including external 

trauma and infectious disease. It is not listed as a cause of death in any of the reviewed 

studies, although it remains a possibility. Injury or infection may involve the head, 

central nervous system or any major nerve plexuses and may result in subendocardial 
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necrosis299,305.  If subendocardial necrosis is observed, further investigation of the 

nervous system is warranted. 

1.6.2.3 Toxic myocardial necrosis 

Myocardial necrosis, either focal or massive, may be observed with ingestion of 

certain chemicals or plant species298,299. There is great variety in the plant species 

implicated and for many, there is variety in the disease syndrome observed.  Common 

cardiotoxins reported in ruminants include: ionophores (maduramicine or salinomycin), 

Galenia africana (yellow bush- a toxic plant in South Africa), plants that contain cardiac 

glycosides (bufadienolide and cardenolide type plants), other toxic plants such as 

Lantana camara, Cassia spp., Persea americanum (avocado), and other toxins such as 

gossypol298,299,306. There is no extensive reporting on the percentage of kid deaths 

attributable to cardiotoxin ingestion and for many of the previously described toxins, 

proof of consumption of that toxin is required for diagnosis298. As the majority of these 

toxins are plant-based, or occur as a result of feed contamination, deaths occurring 

secondary to toxin exposure would be expected in older kids (post-weaning kids).  

The toxin most likely to be observed in North America is ionophore consumption, 

or consumption of plants containing cardiac glycosides. Ionophore consumption may 

result in cardiomyocyte atrophy and interstitial fibrosis. If severe enough this may result 

in clinical congestive heart failure299,307. Cardiac glycoside toxicosis can cause death 

within a few hours of consumption of the plant299,308. Depending on the dose a variety of 

clinical signs have been reported, involving a variety of systems (including 
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gastrointestinal, respiratory, and neuromuscular as well as cardiac)299,308. Lesions 

include cardiac necrosis (and/or fibrosis with chronic, low dose exposure), however 

these are non-specific findings. Demonstrated access to the plant or presence of 

identifiable plant parts within the ingesta are required for diagnosis298,299.  An exhaustive 

summary of cardiotoxins and cardiotoxigenic plants, their clinical signs and postmortem 

findings possible in ruminants is beyond the scope of this review. 

Further discussion on potential toxins and toxicosis is present in section 

1.12.2.6.1 “Toxicosis”. 

1.6.2.4 Selenium toxicosis  

There is a single published report describing selenium-induced myocardial 

lesions as a cause of death in neonatal goats. This report documents a Boer goat farm 

in Saskatoon with a history of high neonatal mortality thought to be nutritional myopathy 

(selenium and vitamin E deficiency on the basis of the farm’s location in a selenium 

deficient area and myocardial necrosis noted on gross assessment of the dead kids)101. 

As a result, goat kids were supplemented at birth with parenteral selenium and vitamin 

E. Following treatment, these kids then developed respiratory distress and died within 8 

hours. Grossly, lesions included pulmonary edema, hydrothorax, and hydropericardium. 

The main finding on histology was myocardial necrosis. A trace mineral analysis of the 

liver of these kids demonstrated an excessive concentration of selenium, and acute 

selenosis was diagnosed as the cause of death101. Since there is a narrow range 

between selenium deficiency and toxicity in animals309,310 and as selenium is toxic in 
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excess176, this case serves primarily as a reminder of the similarity of the lesions of 

selenium deficiency and toxicosis in goats. It has possible application to Ontario goat 

farms, as Ontario’s soil is considered to be selenium deficient311 and farms are likely 

using feed supplemented with selenium. 

1.6.2.5 Vitamin E/selenium deficiency (“white muscle disease”) 

Vitamin E/selenium deficiency is a recognized nutritional myopathy (i.e. vitamin E 

and selenium responsive syndromes) that can result in sudden death. This is discussed 

in 1.7.2.1 within section 1.7 “Diseases of the musculoskeletal system”. 

1.7 Diseases of the musculoskeletal system 

The following are diseases of the musculoskeletal system that may result in the 

death of goat kids in Ontario. 

1.7.1.1 Infectious causes of musculoskeletal disease 

There were no infectious causes of musculoskeletal disease reported as causing 

death in goat kids in any of the reviewed studies. There are parasite species that are 

recognized as causing muscle lesions (Sarcocystis spp.). These parasites are 

considered an incidental finding, and none are considered pathogenic for goats in 

natural infections312. Other parasites of muscle (Taenia ovis- Cysticercus ovis) may 

develop in the heart/skeletal muscles of small ruminants162,299. These parasitic cysts are 

not recognized as a cause of death in small ruminants.  This parasite is discussed 

under parasitic causes of gastrointestinal disease (section 1.4.8). 
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1.7.2 Non-infectious causes of musculoskeletal disease 

1.7.2.1 Toxic myopathies 

Both the toxic causes of musculoskeletal disease (ionophore toxicosis, toxic 

plants, etc.) and the lesions observed are similar to those described in toxic causes of 

myocardial necrosis (section 1.6.2.3). The cause of death in these cases is often 

cardiac failure following toxic damage to cardiomyocytes; segmental necrosis may be 

observed concurrently in skeletal muscles308,313. While toxin ingestion may cause death 

in goat kids in Ontario, there are resources targeted to farmers to help identify these 

toxins and access to these toxins is often limited191,192. Except for potential feed 

contamination or mixing issues, it is not likely to be a major cause of death in Ontario 

goat kids. As with the section on toxic myocardial necrosis, a review of all possible toxic 

plant species and possible lesions observed is beyond the scope of this review. Further 

discussion on toxicosis is present in section 1.12.2.6.1 “Toxicosis”. 

1.7.2.2 Vitamin E/selenium deficiency (“white muscle disease”) 

White muscle disease, or nutritional myopathy, occurs with selenium and/or 

vitamin E deficiency in the dam. With reduced levels of these nutrients there is a lack of 

ability to prevent or repair oxidative injury in cells, resulting in widespread muscle 

necrosis 314. Most commonly, lesions are identified in active muscles such as the heart, 

diaphragm and skeletal muscles such as epaxial muscles and hip extensors313,315. 

Clinically, kids up to 6 months of age have clinical signs that vary depending on the 

severity of muscle damage22,26. Clinical signs can include heart failure, laboured 
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breathing (which can be mistaken for pneumonia), and stiff gait or recumbency. Death 

occurs from cardiac muscle necrosis, or release of potassium from necrotic muscles, 

myoglobinuria or starvation from lack of movement, and/or functional effects on 

masticatory muscles and tongue22. 

Grossly, muscles of the hind limbs, heart, diaphragm, tongue, and epaxial muscles 

may be pale or have streaks of grey to white in comparison to adjacent normal 

muscle313. There may be patchy evidence of hemorrhage and muscle pallor.  

Secondary aspiration pneumonia can result from difficulty swallowing. If the heart is 

involved, lesions consistent with heart failure include pulmonary edema, hydrothorax or 

ascites79. Histological lesions include extensive, severe muscle degeneration with 

coagulative necrosis and mineralisation of striated myocytes, and replacement of 

muscle with fibrosis313,314. Definitive diagnosis is confirmed with typical muscle lesions 

and decreased concentration of selenium and/or vitamin E in the liver314,316. 

1.8 Diseases of the urogenital system 

Urogenital diseases were not reported as a cause of death in any of the kid 

studies reviewed. Renal failure due to toxic, metabolic, hypoxic, ischemic or infectious 

causes will contribute to the death of an individual. Lesions would be renal, extrarenal, 

or multisystemic in nature.  

Bacterial causes of renal disease include Corynebacterium pseudotuberculosis, 

Listeria monocytogenes, and Leptospira borgpetersenii serovar hardjo. Cattle and 
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sheep are reservoir hosts for Leptospira borgpetersenii serovar hardjo and severe, 

acute infection in goats is rare317–319. If disease is seen, generally it is the chronic form, 

resulting in decreased milk production, impaired fertility or abortion and stillbirth318,320.  

Toxins include ethylene glycol, copper, monensin or toxic principles of plants like 

oxalates, Quercus spp. (oak) or Lantana camara317. As in other sections within this 

paper that discuss the toxic causes of animal disease, an exhaustive review of all 

possible nephrotoxigenic agents causing urogenital disease in goats, is beyond the 

scope of this review. 

1.8.1 Urolithiasis  

Urolithiasis is most commonly seen in young castrated males (wethers) as urethral 

obstruction. Commonly, male goats present with an inability to void urine, which may 

appear to the producer as constipation with straining and vocalization. If unrecognized 

clinically, the obstruction can result in urinary bladder or urethral rupture, abdominal 

distension and death321. Diets high in particular minerals such as silicate, oxalate, and 

phosphates are commonly recognized as predisposing factors, but other causes 

include: decreased water intake, water loss, calcium/phosphate imbalances, increased 

vitamin A, and magnesium in the diet, increased urine pH favouring phosphate 

precipitation, and urine stasis321. Although adult wethers are most commonly identified 

with obstructive urolithiasis, it has been recognized in goats as young as 2 months 

old263,321,322.  
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1.9 Diseases of the integument 

Many of the most commonly observed diseases involving the integument that were 

reported in the kid studies reviewed or are possibly observable in North America, affect 

the perioral skin or oral cavity. Oral cavity lesions decrease feed consumption and 

thereby contribute to starvation162. These are discussed in the section 4.1 Diseases of 

the Gastrointestinal System under diseases of the oral cavity. 

While “parasites” were attributed as a cause of death in some of the kid mortality 

studies reviewed, no specific parasites of the integument were noted25,26,71. It is possible 

that external parasites such as lice or ticks may contribute to reduced condition and kid 

weakness through loss of blood (as described below). Alternately “parasites” were listed 

as a cause of death due to transmission of other infectious agents. However, as neither 

the specific parasites involved, nor how the deaths occurred in these cases were 

indicated, the pathogenesis in these studies remains unclear. 

1.9.1 Parasites affecting the integument 

Severe ectoparasite infestation contributes to a general ill thrift, often resulting in 

the establishment of a concurrent infection and overall illness84,85,323,324. Important 

external parasites include lice: Damalina spp., biting lice that cause external irritation 

and Lignognathus, blood-drinking lice that may cause anemia and loss of condition 

263,323. Other ectoparasites capable of causing, at minimum, irritation and which 
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contribute to overall ill thrift include: mites such as Sarcoptes and Chorioptes spp., keds 

(Melophagus ovinus) and to a lesser extent fleas, ticks, and biting flies 79.  

Group housing and increased stock density can contribute to spread of lice among 

animals. Small body size, increased need for energy reserves to support growth, and 

cold temperatures make neonatal goats particularly susceptible324. These parasites may 

be identified on the skin surface by careful observation79,263. 

1.10 Diseases of the hemolymphatic system 

Only anemia/blood loss were reported as causes of death in the kid studies 

reviewed.  Other possible causes of hemolymphatic disease in goat kids in Ontario are 

included below. 

1.10.1 Infectious causes of hemolymphatic disease 

The following is an infectious cause of hemolymphatic disease that may cause 

death of goat kids in Ontario. 

1.10.1.1 Corynebacterium pseudotuberculosis 

Corynebacterium pseudotuberculosis is a gram-positive, aerobic, rod shaped 

bacterium of the Order: Corynebacteriales; Family: Corynebacteriaceae; Genus: 

Corynebacterium. It is the cause of caseous lymphadenitis in sheep and goats. 

Transmission is by percutaneous infection (either skin or oral mucosa)325,326. This 

bacterium has a long incubation period (2-6 months) and results in a persistent 
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infection105,326,327. However, experimental infections report a period of 3-6 weeks 

between inoculation and abscess rupture, suggesting that the incubation period may 

depend on the distance between site of inoculation and the local draining lymph 

node325,328. Infection in adults is most commonly reported. However, infection is 

diagnosed in kids between weaning and mating, but the age was not specified105. 

Organ dysfunction and starvation occurs if abscesses are large enough to 

interfere with swallowing/rumination or respiration. All are reported as causing death in 

adult goats105,325,326,328–330. However, infection with this bacterium is commonly reported 

in goat herds and is not correlated with a high fatality rate105. It is thus not considered to 

be a major cause of mortality in goat kids. 

The clinical presentation of this disease often depends on the location of the 

abscessed lymph node. The most commonly reported locations are in the “jaw and neck 

region” thus the parotid and mandibular lymph nodes105,325,326,328. Affected animals are 

commonly described as having poor body condition, however concurrent disease such 

as caprine arthritis-encephalitis or paratuberculosis with other wasting diseases are 

usually present105. Grossly and histologically, abscesses are in superficial or deeper 

lymph nodes, within the skin, vertebral canal or internal organs. Diagnosis is confirmed 

by culture of the bacterium from the affected tissues105,326. 

1.10.2 Non-infectious causes of hemolymphatic disease 

The following are non-infectious diseases of the hemolymphatic system that may 

cause death of goat kids in Ontario. 
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1.10.2.1 Anemia secondary to blood loss  

Anemia is either from failure of production (pure red cell aplasia, not yet 

described in goats, or myelofibrosis as described in young pygmy goats (cause 

unknown331), or is from blood loss (haemorrhage or hemolysis). Blood loss can result 

from trauma, parasitism and/or coagulopathies. Anemia in neonates is commonly the 

result of trauma such as rupture of major blood vessels or organs following dystocia or 

trauma79. Clinically, anemia is recognized by pallor of the mucous membranes or by a 

reduced complete red blood cell count. There may be tachypnea, tachycardia, 

weakness, edema, and collapse. Grossly, there is pallor of organs throughout the body 

and evidence of free blood within the abdomen or thorax, depending on the cause299.  

Other less commonly reported causes of anemia include coagulopathies (i.e. 

inherited afibrinogenemia in Saanen goats), parasitism (Haemonchus contortus 

nematodes, liver flukes or external parasites)79,263,266, toxin ingestion (i.e. oak poisoning 

or consumption of bracken fern) and a suspected inherited condition resulting in 

widespread myelofibrosis with anemia and neutropenia122. Parasitism is discussed in 

more detail in the paper under infectious causes of kid mortality.  

On postmortem, lack of blood-clotting, or hemorrhage within subcutis or around 

major arteries, suggests a coagulopathy299. Multiple goat kids dying of anemia may be 

from the above potential causes. The clinical history, supported by gross findings, will 

support an infectious or toxic cause of coagulopathy as opposed to an inherited one79. 
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1.10.2.2 Hemolytic anemia 

Hemolytic anemia is from the destruction of red blood cells. It is not commonly 

reported in goats and no reports could be found of infections or hemolytic anemia 

causing death in goat kids.  Individual case reports of hemolytic anemia in goats identify 

toxicosis (most commonly copper toxicosis) or infection with Mycoplasma ovis (formerly 

Eperythrozoon ovis)332–334. 

Postmortem findings vary depending on the underlying cause. Clinically and 

grossly anemia is recognized by the changes described above for anemia secondary to 

blood loss. Histologically, hemoglobinuric nephrosis and hepatic necrosis with 

intracytoplasmic copper granules within hepatocytes is reported in copper 

toxicosis332,334. 

1.10.2.3 Immune deficiency: Failure of passive transfer  

Failure of passive transfer of maternal humoral immunity results in susceptibility to 

infectious disease in the neonate. It can be exacerbated by inadequate or poor-quality 

colostrum intake, and through delayed delivery or provision of colostrum. The majority 

of deaths that correlated with a lack of colostrum provision (and a presumed or 

confirmed failure of passive transfer), were infectious in nature (pneumonia, diarrhea or 

septicemia)16,72,79,97,335. A 1993 study demonstrated failure of passive transfer in 

younger kids with a circulating serum immunoglobulin (Ig) concentration less than the 

mean serum concentration of 1200mg/dl, when measured within 24 hours of birth72. 

This same study noted that kids with serum Ig concentration less than 1200mg/dl had 
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significantly higher death rates than those with an Ig serum concentration above the 

overall mean. As such, failure of passive transfer is most often a clinical diagnosis 

confirmed by low IgG serum concentration.  

1.11 Diseases of the endocrine system 

Goiter (both inherited and nutritional) was the only disease of the endocrine 

system reported as causing disease in goat kids in the studies reviewed. 

1.11.1 Goiter  

Congenital goiter is recognized in many species32,36,51,336. It is an inherited trait but 

more commonly results from iodine deficiency in the dam. In general, nutritional causes 

of goiter and hypothyroidism are iodine deficiency and the consumption of a goitrogenic 

material, usually plant matter (described below)263,336. Iodine deficiency goiter is most 

commonly found in areas where soils are iodine deficient (such as the Great Lakes 

region of Ontario and the Prairie provinces), and Boer and Angora goats are reportedly 

more susceptible than others263,337–340. Iodine deficiency in soils results in iodine 

deficient plants, which when consumed by the dam, results in hypothyroidism and goiter 

in the kid. Goitrogens are compounds that interfere with iodine uptake from the diet or 

with the formation of thyroxine. For example, consumption of Brassica species (i.e. 

broccoli, kale etc.) may result in goiter in the kid due to its inhibitory effect on iodine 

uptake337. If not stillborn, affected kids may be very weak, covered with fine hair or 

alopecic, and die within hours of birth, possibly following asphyxiation from the pressure 
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of the enlarged thyroid glands on the trachea337. Grossly, the thyroid is often 

dramatically enlarged, with obvious external swelling of the ventral neck just caudal to 

the ramus of the mandible. Alternately, the thyroid hyperplasia may be subtle and 

require histological diagnosis. Histologically, there may be diffuse thyroid hyperplasia of 

follicular cells or follicles and minimal colloid present336.  

1.12  Multisystemic causes of kid mortality 

Multisystemic diseases affect more than one system and or the whole body 

simultaneously. 

1.12.1 Bluetongue viruses 

Bluetongue virus is a non-enveloped double sense RNA virus of the Order: 

Reovirales; Family: Reoviridae; Genus: Orbivirus, Species: Bluetongue virus. It is an 

arthropod borne virus (arbovirus). Infection is generally subclinical in goats, however 

there are reports of severe clinical cases which may result in death. Initial signs include 

pyrexia and anorexia followed by ulceration and necrosis of tongue, lips and gums, as 

well as swelling of the coronary band, resulting in lameness.  Diarrhea can be seen. On 

postmortem, a significant/ almost pathognomonic sign in sheep is haemorrhage at the 

base of the pulmonary artery341. While bluetongue viruses cause congenital 

abnormalities such as hydranencephaly and arthrogryposis in live and stillborn calves 

depending on the serotype342, these have not been reported in goats343. There are 5 
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endemic serotypes of this virus in North America, with variable pathogenicity and little to 

no cross-protection343,344. Bluetongue is rarely seen in Canada345. 

1.12.2 Septicemia 

Septicemia is a combination of bacteria in the blood and the products of infection, 

including bacterial toxins (endotoxin and exotoxin) and cytokines. It occurs when a 

bacterial infection, starting at one point within the body, spreads to the blood stream and 

via the blood stream throughout the other organs. This results in inflammation either in 

the organ where the bacterium has settled, or diffusely throughout the body as a 

systemic response (sepsis). Systemic bacterial infection resulting in septicemia is a 

major risk in the first week of life. Failure of passive transfer, failure to provide clean 

udders or milk, maintaining kids in highly contaminated environments, and sometimes 

management in mixed age groups can result in an increased risk of bacteremia and/or 

septicemia, from which polyarthritis and pneumonias develop346.  

Clinical signs may be vague, ranging from weakness with pyrexia to sudden 

death. Clinically, septicemia is seen more frequently in kids who have not received 

adequate colostrum (and thereby passive immunity)236.  Hypothermia, hypoglycemia 

and weakness combined with a severe leukopenia, may be observed in kids with 

septicemia300.  

Gross findings may be unapparent or non-specific, such as petechial 

hemorrhage of serosal surfaces, edema, and gas distension of intestines. Other lesions 

such as omphalophlebitis, hepatitis, nephritis, splenitis, osteomyelitis, meningitis (with 
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and without spinal abscesses) and pneumonia may also be seen. Bacterial culture of 

multiple organs demonstrates the presence of bacterial species. Histologically, 

widespread inflammation of many organ systems (depending on where there is bacterial 

spread) may be seen. Hemorrhage and necrosis may be present in areas of 

inflammation, occasionally with intralesional bacteria103. 

The ‘filter organs’ that receive a high volume of blood (lung, liver and spleen) are 

the tissues best submitted for culture. While many bacterial species may be cultured 

from septicemic animals, E. coli (colisepticemia reported in up to 65 % of septicemia 

cases in a Norwegian lamb study57), Listeria monocytogenes, Salmonella and 

Mycoplasma spp. are reported in multiple studies as major agents of septicemia in 

young ruminants 43,241,347.  

Colisepticemia is seen with invasive strains of E. coli or necrotoxigenic E. coli 

(NTEC), causing bacteremia and subsequent endotoxemia. All other findings clinically, 

grossly and histologically are as described previously. 

1.13 Physicochemical causes of kid mortality 

Possible physicochemical causes of kid mortality (described below) are included 

for completeness as they may affect many/multiple systems concurrently or have 

unclear pathogenesis. 
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1.13.1 Trauma, accident and injury 

There are several kinds of trauma and accident that may result in the death of a 

kid. Accidents are usually sporadic and they are listed as “trauma, otherwise 

unspecified”.   

1.13.1.1 Accident and Injury  

Accident and Injury is, by necessity, a broad category. Within the limits of this 

study, these terms describe any deaths not pertaining to trauma that occurs during the 

birthing process (which will be discussed in more detail under dystocia). Generally, dairy 

goat kids are raised away from their dams, with other kids of similar age in varying sized 

groups.  Accidents and injury reported as part of the larger kid studies tend to occur in 

kids that are raised extensively outside14,20,26,38,42. The bulk of injuries reported were 

generally ascribed to predation (generally dogs, coyotes, mountain lions, and wolves), 

The remainder were usually categorised as fractures, with euthanasia following 

extensive blood loss or irreparable damage13–15,20,25,26.  

Predation is less commonly expected to cause death in intensively-farmed dairy 

goats in Ontario. However, goats that spend time out of doors, or are otherwise easily 

accessible by a predator (domestic dogs included), are at risk of predation. Traumatic 

lesions are generally musculoskeletal in nature (around the neck, head, and thorax) and 

tend to involve hemorrhage (bruising or laceration of blood vessels). Whereas non 

domestic predators are often assumed to be responsible for lost or missing kids, 
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domestic dogs are more likely to be responsible for extensive trauma, as the damage is 

caused by what is often, an unpracticed predator26. 

Predation can be considered where there is kid loss in an area of known 

predation. Alternately there may be evidence of trauma, such as blood staining on 

portions of the carcass left behind14. Antemortem predation must be differentiated from 

postmortem scavenging. Predation has hemorrhage, free blood or edema and necrosis 

in or around bite wounds, whereas scavenging occurs postmortem (and thereby no 

hemorrhage or inflammatory response to the damaged tissue occurs). The causes of 

certain wounds can be differentiated by pattern. Wounds made by dogs tend to be 

located around the hindquarters as a result of the chase14,20,26. Bites are frequent and 

include superficial skin wounds to deep crushing bites or punctures of the viscera. If the 

initial trauma is unobserved and the kid not killed, the wounds may be further 

complicated by bacterial infection25. 

In contrast, fractures are usually a result of environmental hazards like gates, 

fencing or pen-based equipment such as metal feeding stations. Generally, fractures 

are believed to occur secondary to the entanglement of limbs within fences, grates or 

between bars as goats climb the various objects in their environments. Struggling 

following entanglement can result in fracture13,14. In rare cases, primary diseases of 

bone like chronic fluorosis, rickets, or fibrous osteodystrophy may predispose a kid to 

develop a fracture79,348. Usually, fractures result in an acute onset of lameness, with or 

without crepitus or limb deformation.  
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1.13.1.2 Disbudding injury 

Disbudding is generally a cause of death in kids between 3 and 14 days of age. 

The United Kingdom restricts disbudding, specifying it must be performed by veterinary 

surgeons within 2-7 days of life and ‘in accordance with good practice’, meaning with 

the use of an anaesthetic349. While there is no mandated age restriction for disbudding 

in Canada, in Ontario, kids may be disbudded on farm up until 3 weeks of age in 

Ontario. Variables involved in deciding when to disbud a kid include the breed, sex, and 

size of the kid263. 

A hot disbudding iron is commonly used to disbud goat kids, but this can only be 

used prior to the attachment of the horn bud to the skull. Surgical dehorning is done 

after horn growth has begun. Either method can result in death of the kid, with death 

occurring within up to 2 weeks following disbudding. Dehorning kids surgically opens 

the frontal sinuses, which can be contaminated with foreign matter, thus risking infection 

and sinusitis. Abscess formation occurs if the overlying skin is closed before infection is 

resolved79,349,350. Infections within the sinuses can spread systemically or by direct 

extension to the brain, resulting in septicemia or meningoencephalitis79,351,352. Use of a 

disbudding iron results in multiple lesions. Lesions occur through direct thermal injury to 

the skin and the thin frontal bone. Sequelae include tissue necrosis and thermal 

meningoencephalitis, which can be complicated by secondary bacterial 

infections79,352,353. The risk of these varies with individual technique of the person 

performing the disbudding and with less commonly utilized disbudding methods such as 

cryosurgery, spark gap electrodesiccation and caustic dehorning paste79,350,354,355. 
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1.13.1.3 Dystocia 

Dystocia results in perinatal kid mortality, which in part may be due to trauma to 

the kid during the birthing process (described below) 30,36,46,51,52,63,356. The risk of 

dystocia increases with fetal presentation abnormalities, such as posterior presentation 

or deviation of the head or limbs42,179,357. Other risk factors for dystocia include multiple 

kids, malformed fetuses and fetal-maternal size disparities such as fetal oversize27,179. 

Clinical signs of trauma to the kid as a result of dystocia may overlap with clinical signs 

of other traumas acquired after birth. These clinical signs may include: respiratory 

difficulties, neurological signs such as depression, ‘failure to stand’, and ‘failure to 

thrive’. Gross findings include swelling of the head, mouth, tongue, and neck with 

edema, rib fractures, and hemorrhage of the meninges or parenchyma of the brain. 

Histologically, hypoxic ischemic encephalopathy, with its cortical neuronal necrosis, 

indicates a period of hypoxia during prolonged parturition79. 

There are a few studies investigating central nervous system damage or injury as 

an underlying cause of perinatal and neonatal lamb mortality. The majority of these 

studies only reported gross findings (primarily meningeal hemorrhage) 58. A single paper 

discussing histological neurological lesions with the death of neonatal small ruminants, 

was an Australian study on Corriedale lambs dying in the perinatal period (defined as 

from birth to first 28 days of life) 91. In this study, the dead lambs were investigated 

macroscopically and microscopically over a three-year period for changes within the 

central nervous system. From birth to 6 days old, there was meningeal and 

intraparenchymal hemorrhage, congestion of blood vessels, edema, ischemic necrosis 
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of neurons, parasagittal cerebral necrosis, and periventricular leukomalacia were seen. 

These lesions were considered sufficient to explain death shortly after birth (within 6 

days of birth), and that the ischemic changes seen were secondary to non-infectious 

causes, such as injury at birth or dystocia. There were no significant lesions found in the 

lambs which died between the age of 7 and 16 days 91. While occurring in a species 

closely related to goats, the differences in nutrition, management and environment 

mean the findings in this study may not be applicable.  

Neonatal/hypoxic/ischemic encephalopathy following trauma or dystocia 

(presumed to result in asphyxiation early in life) is a cause of perinatal and neonatal 

mortality in other species such as ovine 91, equine 358, porcine 359, and human neonates 

91. Examination of the central nervous system for degeneration and necrosis may 

identify causes of neonatal mortality not previously recognized in goat kids. 

1.13.1.4 Birth Trauma 

While dystocia in itself may result in kid mortality (as discussed above), trauma 

occurring during birth or shortly thereafter may also cause death of goat kids. Similar 

risk factors (i.e. fetal size) causing dystocia may result in an increased risk of trauma to 

the kid during birth. As well, weak kids may be less able to move out of the way of their 

dam (resulting in further injury) or may be rejected, further compromising their survival. 

Grossly apparent lesions of trauma vary greatly depending on the cause and type of 

trauma. Gross lesions include dislocations, fractures of various bones (including 

vertebral column) and organ damage360–362. 
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1.13.2 Environmental causes of kid mortality 

Environmental stressors result in or contribute to the death of kids. Most often a direct 

physical effect is reported (heat stress or hypothermia depending on the climate of the 

country or time of year). However, there is often a close relationship between the ability 

of kids to manage body temperature and their body condition or energy balance, 

especially in neonates who metabolize brown adipose tissue during thermogenesis.  

1.13.2.1 Mismothering: hypoglycemia and starvation  

Hypoglycemia contributes to other causes of kid death, and also may be a 

primary cause of death. Delayed feeding, inappropriate feeding or lack of access to milk 

results in hypoglycemia. Hypoglycemia is often discussed with hypothermia, as the 

depletion of brown fat reserves occurs for thermogenesis363,364. 

Hypoglycemia is diagnosed in kids with <50 mg/dl serum glucose, and clinical 

signs may vary from weakness and lethargy to recumbency, seizures and death79. The 

gross changes of a negative energy balance (‘starvation’) in kids depends on their age. 

At any age there will be reduced or absent body fat stores, especially of the perirenal 

and pericardial regions. In neonates, the perirenal and pericardial adipose tissues 

become brown as they metabolise. Histological findings supporting negative energy 

balance are primarily an absence of lipid in adipose tissue, or serous atrophy of fat299. 
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1.13.2.2 Heat stress  

Hyperthermia, commonly called  “heat stroke”, is listed as a cause of death in a 

few kid studies, primarily studies from Middle Eastern and African countries17,18,20,25,26.  

Temperatures greater than 27 °C, either as a result of summer environmental 

conditions or overcrowding in group-housing can cause hyperthermia79. Hyperthermia 

shares many of the clinical signs ascribed to hypothermia (described below), such as 

lethargy, depression, collapse, and seizures. Dyspnea and or tachypnea is seen with 

excess heat exposure365. 

Though not reported in Ontario, kid death secondary to heat stress may occur 

during high summer temperatures and humidity in the more temperate climates. 

1.13.2.3 Primary hypothermia 

Primary hypothermia is more probable in northern climates (including Canada) 

given the cold winter weather26. If a kid is also exposed to wet, cold, and/or windy 

environments (i.e. during Canadian winters in Ontario), primary hypothermia can 

develop. 

Neonates who are small, who do not obtain enough colostrum, milk or feed, or 

who remain wet for a prolonged period of time (e.g. if not fully dried by dam), are likely 

to subsequently develop hypothermia359,363. Under stressful environmental conditions, 

body fat reserves are diminished and the lack of replenishment through food results in 
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an overall negative energy balance. This is in part because of their inability to generate 

heat by shivering42,178,364,365. 

1.13.2.4 Secondary hypothermia  

Secondary hypothermia is a low body temperature due to an underlying medical 

condition. It occurs with disease processes such as septicemia, and may occur with or 

without hypoglycemia79,363.  

Both primary and secondary hypothermia is reported in goats363. The normal 

body temperature for neonatal goat kids is from 38.5 to 39.7 oC. Although neonates may 

be more at risk of death due to primary hypothermia (low environmental temperature), 

older kids are at risk in Ontario depending on time of year, local weather conditions, and 

quality or type of housing. Primary hypothermia can be complicated by secondary 

hypothermia if a concurrent disease process (i.e. septicemia) is present. 

1.13.2.5 “Stress” 

Although the category stress was identified as a cause of mortality in the 

reviewed kid mortality studies, further definition of stress as a pathological process was 

lacking 19. Stress is an assumed clinical diagnosis when there is no obvious trauma or 

disease identified as a cause of death. As there are no characteristic lesions or clinical 

signs, there is no way to make a definitive diagnosis on postmortem. It is not a 

diagnosis within the scope of this project. 
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1.13.2.6 Toxins 

There are a wide range of possible intoxicants that may be ingested by goat kids 

on farm. The following is a discussion of some of the more likely possible intoxicants 

that Ontario goat kids. 

A variety of different toxins (toxic plants, mycotoxins, chemicals, metals) can 

contaminate feeds, including concentrates, forages, and milk (both replacer and from 

the dam). Administered drugs, supplements, plants, chemicals, and mycotoxins can 

cause intoxication2,79,101,183,310,366. The method of exposure can occur through the 

inadvertent inclusion of toxic plants in feed materials and overdose or adverse reaction 

to applied drugs or supplements79. 

Clinically, lethargy and anorexia are the most consistent findings reported with 

toxin exposure. Depending on the toxin and bodily system primarily affected, other signs 

can include weakness, abdominal pain, dyspnea, diarrhea, head pressing, ataxia, 

seizures, and coma. Lesions from ingested toxins such as mycotoxins, warfarin, 

rhododendron or poison hemlock are often non-specific for the toxin and may be 

apparent in a broad range of tissues, mostly liver (toxic hepatopathy) or urinary (toxic 

nephropathy) systems180,263. Muscle313, cutaneous176 or central nervous system 

lesions280 are possible.  

Changes in the liver secondary to a toxin exposure depends on the duration of the 

exposure and the ability of the animal to process the toxin. Lesions may be ‘peracute’, 

‘acute’, ‘subacute’ or ‘chronic’ in nature through cumulative or long term exposure276. 
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Gross lesions include hepatomegaly, jaundice, edema, and ascites. Histologically, 

common, though non-specific liver lesions include necrosis, fibrosis, biliary hyperplasia 

and cholestasis180. As many of the clinical, postmortem and histological findings can be 

ascribed to other causes, diagnosis often relies on history of exposure, examination of 

the environment to determine if toxins are present, and identification of the toxin in the 

alimentary tract or tissues using laboratory methods367. 

1.14  Rationale and objectives 

This research project arose from producer concerns about increased kid mortality 

in an expanding goat dairy industry in Ontario. It is part of a multidisciplinary study 

involving small ruminant clinicians, epidemiologists, and pathologists; the ultimate aim 

of the program of research is to improve kid survival for the dairy goat industry. 

The purpose of this part of the overall study was to document causes of death in 

kids from birth to 4 months of age. Goat kids originating from commercial dairy goat 

farms were examined to identify the causes of death so that mitigating or preventative 

steps can be taken to minimize losses. To do so, postmortem examinations were to be 

performed on all kids that died within the study timeline. Aborted and stillborn kids were 

excluded from this study. The kids submitted were from a representative subset of goat 

dairies in Ontario, consisting of approximately 30 farms.  

The hypotheses were: 
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Hypothesis 1: Published techniques used to determine the cause of death in 

lambs can be applied to goat kids, including relationships between kid age, birth weight, 

death weight, breed, season and cause of death. 

Hypothesis 2: Identification of specific diseases and infectious microbes (e.g. 

diarrhea due to cryptosporidiosis or coccidiosis; pneumonia due to Mannheimia 

haemolytica) provide information that can be used to target specific causes of disease 

for treatment and suggest contributing risk factors.  

Each of these hypotheses were addressed through the following objectives: 

Objective 1: Develop a protocol that could be utilized on farm for performing gross 

and full postmortem examinations to determine the main cause of death. The protocol is 

to be applied to submitted goat kids born alive, but that die between 0 days and 4 

months of age, which would allow for determination of the main cause of death. 

Objective 2: Determine relationships between kid mortality incidence rates and kid-

level risk factors (e.g. age group or birth weight). 

Objective 3: Determine if the presence of specific pathogens are associated with 

increased kid mortality incidence rates by age. 

Objective 4: Determine associations between disease-specific kid mortality 

incidence rates and hypothesized kid-level risk factors (such as birth weight). 
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Objective 5: Determine the necessary information for a data collection tool 

applicable for field veterinarians and producers, that will promote effective postmortems 

on kids dying at less than 4 months of age 

1.14.1 Conclusions 

There is minimal available information about kid mortality in dairy goats under 

intensive farming systems in temperate climates, and this is especially so for dairy goats 

in Ontario, Canada. 

The need for further study into specific causes of neonatal mortality, with more 

definitive postmortem and histological investigation, was identified in several studies 

1,17,24,25. It is clearly an important consideration for this growth industry.  

This line of research will permit determination of kid mortality at the herd level in 

Ontario dairy goat farms. It will identify the most prevalent causes of death for neonates 

up to 4 months of age. It will provide information about important risk factors 

(management, environmental, and or disease), that will guide producers as they 

implement practices to reduce or mitigate kid mortality, improve the supply of 

replacements, and improve animal welfare as a whole. 
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2 Materials and methods 

2.1  Case submission details 

This study is part of a multidisciplinary study of factors limiting dairy production in 

goats in the Province of Ontario, that took place between January 2018 and June 30th, 

2019. For this overall study, the names of Ontario licensed goat producers were 

obtained from OMAFRA. One hundred of these producers were selected by stratified 

random sampling, where the strata were in the four “regions” of Ontario (North, South, 

East and West). Random selection was by use of a random number list, allowing for 

selection of farms so that their commercial processor and location was proportionate to 

the number of farms in that area; 10 % were from Northern Ontario, 45 % from Eastern 

Ontario and 45 % from Southwestern Ontario). Letters with an initial questionnaire on 

kid morbidity and mortality were mailed out to these 100 producers. Of these, 49 

producers responded. Thirty commercial dairy goat farms were selected from this group 

to be part of the kid study, maintaining the representation of farms proportionate to the 

number of dairy goat farms in that region of Ontario. Enrollment in the study was rolling 

from January 1, 2018 to June 30, 2018, with each farm submitting carcasses of all kids 

to die over a 12-month period. Because of the extensive distances between farms and 

the site of the diagnostic pathology laboratory, and for consistency, each kid to die 

(either by euthanasia or naturally) during the study period from the enrolled farms, was 

frozen in a commercial chest freezer (at -200C) on farm. The bodies were collected and 

delivered for postmortem examination by the team in charge of the epidemiological 
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portion of the study. Individual kid information, farm identification, breed, sex, litter size, 

birthdate, birthweight, and date of death (and thus age at time of death), was provided 

by the submitting producer on handwritten tags attached to the body bags containing 

each kid. The age of each kid was calculated by subtracting recorded date of death 

from birth date. If age was not recorded for a case, results were excluded from analysis. 

Each age classification was also categorized by proximity to birth (i.e. perinatal = 0 to 48 

hours of age, and neonatal = 49 hours to 7 days of age) and weaning (i.e. pre-weaning 

= 8 to 56 days of age and post-weaning = 57 days to 4 months of age). For the herds in 

this study, the average age at weaning was 56 days (see discussion section 4.3 for 

further details on the decisions made as to age categorization). The date and the weight 

at the time of postmortem was recorded as part of the postmortem procedure. Kids 

lacking farm identification were removed from the study. This study met all appropriate 

animal care and biosafety approvals. 

2.2 Postmortem technique 

Postmortem examination was performed on all kids submitted and the emphasis 

was on the macroscopic postmortem findings to determine the primary cause of death 

and, where applicable, a secondary cause of death. Data were collected to determine 

the cause of death and disease processes in each individual case as well as trends on 

each farm. The following described postmortem protocol was used throughout the full 

term of the study, to ensure that each postmortem was performed in a consistent way 
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and that each system (such as respiratory, gastrointestinal, musculoskeletal) was 

examined for each animal submitted. 

The bodies of kids were examined in groups of up to 20 in a restricted postmortem 

room with separate airflow and exhaust. Personal protective equipment included 

coveralls, steel capped boots, neoprene gloves, protective eyeglasses and N95 mask.  

At the start of postmortem, the thawed bodies were individually weighed on a 

digital scale (Ohaus Defender™ 3000 Xtreme Series bench scale) and the weights 

recorded in kilograms. Those weights, along with tag details for each case, were 

recorded on a tracking sheet and external photographs of the submission card, 

identifying characteristics and external features for each case were taken (Olympus 

Tough TG-6 Waterproof Camera, model # V104210RU000).  

The bodies were placed on a large stainless-steel table, where their identifying 

labels were photographed, and records taken. Details of farm and case identification, 

postmortem findings, and cause(s) of death were recorded. Additional samples 

including histopathology, bacteriology, virology, microbiology, and molecular biology 

samples, as necessary, were collected. Records were as detailed in Appendix 3. 

A field necropsy style postmortem was done on all bodies submitted. Photographs 

recording external identifying characteristics, submission information cards, and 

postmortem lesions, were taken for each kid and will be further discussed below. 

Photographs from postmortem examinations were also used to create a pictorial step-

by-step procedural guide for kid necropsy (Appendix 1). Once weighed, each case was 
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laid out on a dissection table in left lateral recumbency for postmortem examination (see 

Appendix 1 for all procedural photos).  

On each case submitted, an external physical examination was first performed to 

examine the presence of eponychia and level of wear on the hooves, the shape and 

form of the umbilicus, presence of fecal staining and discharges, presence of edema 

and meconium staining of the coat. The bones and joints were examined for fractures, 

swellings and the presence of a captive bolt entrance was recorded. The presence of 

horn buds or evidence of disbudding was recorded.  

Once the external examination was complete, the initial incisions into the body 

were made under the right forelimb and into the coxofemoral joint of the right hindlimb, 

allowing for reflection of these limbs. The incisions were further extended along the 

ventral body wall (thorax and abdomen) and cranially, along the ventral aspect of the 

neck towards the symphysis of the mandible. The skin was reflected from these midline 

incisions, exposing the thoracic and abdominal body wall, with associated musculature, 

and structures of the ventral neck, including the larynx and thyroid gland. The skin was 

further reflected dorsally over the epaxial musculature, to make serial cuts in parallel, in 

order to observe any changes in the muscle tissue. If any lesions in these muscles were 

observed, samples were taken for histopathology.  

Prior to opening the body cavities, two incisions were made into the joints of the 

left carpus and the right stifle to check for any exudates. If present, swabs of the 

exudate were collected.  
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To open the body cavities, a linear incision was made along the caudoventral 

margin of the ribs and extending caudally, along the dorsum towards the pelvis. The 

resultant flap of abdominal musculature was reflected ventrally allowing for exposure of 

the abdominal viscera. From here, a stab incision was made through the diaphragm to 

check the thoracic cavity for negative pressure. This incision was extended ventrally 

and dorsally along the inner margins of the diaphragm near the ribs, to separate the 

diaphragm from the thoracic body wall. The body wall incision was then extended along 

the ventral margin of the thorax cranially towards the head, through the costal cartilages 

where they meet the sternum. Once freed from the sternum, the thoracic body wall was 

reflected dorsally, dislocating the ribs at the costovertebral joints to expose the thoracic 

viscera. The thoracic and abdominal viscera were examined in situ and any alterations 

in organ colour, texture, consistency, and exudates were recorded on paper sheets on 

the tracking table. Photographs of the opened body cavities for each case (identified by 

kid and farm ID) were taken as a visual record. 

Following opening of the body, a determination of adiposity score (developed 

during the postmortems based upon the appearance of the perirenal and pericardial 

adipose tissue stores) was made. Each area (perirenal, pericardial) was scored 

separately. The adipose stores were graded from 0-3 (Appendix 2). A score of zero was 

given for animals with no visible adipose stores. A score of 1 was given for those with 

adipose stores that were either undergoing metabolization (decreased amounts, red 

brown colour and wet/gelatinous in appearance) or covering <15 % of the renal capsule 

or pericardial surfaces. A score of 2 was given for animals with 15-50 % adipose 
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coverage of the renal capsule or pericardial surfaces and a score of 3 was given to 

those animals with >50 % renal capsular or pericardial adipose coverage. 

Once the body was opened (thoracic and abdominal cavity), identification of the 

primary cause of death was determined, if possible. Determination of the primary cause 

of death for each case was made in consultation with Dr. Robert Foster (RAF). The 

lesions found on postmortem that were deemed to have the most severe functional or 

physiological consequences were determined to be the primary cause of death (e.g. 

pneumonia or mesenteric torsion). Where multiple lesions were present suggesting 

concurrent disease processes, a determination of a secondary cause of death was 

made. For example, starvation as the primary cause of death due to a complete lack of 

adipose stores, and/or evidence of metabolization of fat and an empty abomasum, 

could be diagnosed along with a secondary diagnosis of mild pneumonia. The primary, 

and where possible, secondary causes of death as determined by postmortem 

examination were recorded on the data tracking sheets. If no primary cause of death 

was determined (no gross findings observed), the case was recorded as “open”. If 

grossly obvious, concurrent disease processes were also recorded. 

If lung changes were observed, these were categorized as bronchopneumonia 

(expanded, firm, and/or collapsed cranioventral lung lobes) or interstitial pneumonia 

(caudodorsal to diffuse, prominent, voluminous and firm lung with rib indentations) 

based on textural changes and distribution of lesions. The lung lesions were then further 

characterized by percentage of total lung volume affected on each side (volume 

affected for both right and left lung lobes), distribution observed (ventral or dorsal 



 

 

95 

 

aspects of lobes affected), and by the change observed (texture, colour and exudate). 

The presence of fibrinous or purulent exudates, hemorrhage, necrosis, abscesses, or 

inflammation of the pleura (pleuritis) was also noted. 

Significant intestinal changes were recorded where possible depending on the 

degree of autolysis. These changes were categorized based on the colour of the serosa 

and intestinal content, degree of distension observed, and content consistency. Enteritis 

was diagnosed where reddening of the intestine, combined with gaseous distension and 

fluid content suggested an inflammatory process. Diarrhea was diagnosed when there 

was only a fluid intestinal content and fecal staining of the perineum and back of the 

legs without any other grossly apparent intestinal alteration. Abomasal content type and 

volume were also recorded where possible. 

Once the primary lesions were recorded, the bodies were further dissected to 

either confirm the cause of death or find any other potential underlying causes. An 

incision was made between the mandibular symphysis and along the margins of the 

tongue where they meet the mandible, allowing for ventral reflection of the tongue 

through the lower jaw to start removal of the pluck (tongue, trachea, esophagus, lungs, 

and heart as one piece). Incisions were made through the joints of the stylohyoid and 

ceratohyoids to allow reflection of the tongue and larynx. The tongue with larynx, 

trachea and esophagus were then dissected out to the level of the thoracic inlet. Further 

incisions were made at the diaphragm through the vena cava and esophagus, dorsally 

over the base of the heart through the aorta and ventrally along the margin of the 

pericardial sac where it meets the body wall to allow removal of the pluck. Assessment 
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of the thoracic viscera, trachea, esophagus and tongue was done. Abnormalities in 

shape, size, and texture were recorded.  

The trachea and esophagus were sectioned longitudinally to assess the mucosal 

surfaces. The lungs were serially sectioned to examine the parenchyma and collect 

samples for further diagnostic testing if lesions of pneumonia were present. If 

histopathology was indicated, six pieces of lung tissue were collected. To allow for 

recognition of the lobe examined, triangular shaped sections were taken from the 

cranial lung lobes, square shaped portions from the right middle and caudal portions of 

the left cranial lobes, and rectangular shaped pieces from the caudal lung lobes.  

The heart was then dissected routinely. An incision was made to remove the apex 

of the heart and compare the ventricular wall ratios, lo assess luminal dilation and to 

look for any septal defects. From there, an incision would be made into the right auricle 

to visualization the auricular chamber. This was extended ventrally along the septum to 

open the right side of the heart. The inner surfaces of the right atrium and ventricle were 

examined along with the atrioventricular valves. Any septal defects or patent foramen 

ovale were noted if present. The pulmonary outflow tract was opened along the margin 

of the ventricular septum to allow for examination of the semilunar valves and the 

incision was extended along the pulmonary artery for as long as possible to assess for 

thrombi. Following this, the left side of the heart was similarly processed starting with an 

incision into the left atrium, and extending along the septum to allow for opening of the 

left side of the heart and assessment of the left atrium, ventricle, and atrioventricular 

valves. The final incision was extended through the aortic outflow tract to allow for 
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assessment of the aortic valves and aorta. Any observed malformations or changes 

were noted. 

The gastrointestinal tract was removed en bloc from the abdomen by cutting away 

the attachments of the mesentery and diaphragm. If required, samples were taken from 

the liver and spleen for further testing or histopathology and those organs were serially 

sectioned to examine the parenchyma. The stomachs (reticulum, rumen, omasum, and 

abomasum) were opened and the contents were assessed, described and recorded 

(type, colour, approximate volume). If intestinal lesions were observed, samples of 

abomasum, jejunum, ileum and spiral colon with intestinal content were collected for 

further testing and histopathology. The intestines were opened to assess for changes to 

the mucosa. 

The kidneys were incised along their poles allowing for visualization of the cortical 

and medullary parenchyma. Lesions such as abscesses or capsular adherence were 

recorded for that individual if observed. Samples of the kidney were taken for further 

testing if lesions suggestive of septicemia were present. 

With the organs removed, the visceral aspect of the body wall, both thoracic and 

abdominal, was examined for any penetrating wounds, hemorrhage or fractures (i.e. rib 

fractures). The head was removed at the atlantooccipital joint and further examined. 

The brain was removed manually using bone cutters on cases that had evidence of 

being disbudded, or if there was no cause of death identified. Once removed, the inner 

aspect of the calvarium and width of the skull underlying the cauterized horn buds was 
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examined for evidence of thinning/erosion or inflammation. For cases with a cause of 

death diagnosed on postmortem examination, the heads were bandsawed longitudinally 

to allow for assessment of the brain and inner aspect of the calvarium.   

Any lesions observed were photographed with identifying information for recording 

purposes. Any samples required for further testing were taken and the remains were 

disposed of by incineration (Daniels Sharpsmart Canada ltd. Brampton, Ontario, 

Canada). 

Following completion of the postmortem, the data obtained were entered into the 

digital database by date of postmortem exam, formatted by individual case and 

submitting farm (spreadsheet database, Excel v16.25, 2019; Microsoft, Redmond, WA). 

2.3 Selection of cases for ancillary testing 

Ancillary testing was done to confirm a diagnosis, correlate microbe identification 

with disease, or determine antimicrobial sensitivity. This testing was performed on a 

typical case with minimal autolysis from a random subset of animals from each farm, to 

submit cases representing each of the major three causes of death - pneumonia, 

diarrhea, and suspected septicemia. Overall, the intent was to select an average of 2 

cases per major diagnostic category, per farm. Samples (formalin fixed, and frozen 

tissues including lung, intestines plus content, liver and spleen, held at -20˚C) were 

randomly collected throughout the study from approximately 10 % of cases, processed 

each day that postmortems were performed. Those samples collected were submitted 
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on the same day. A further subset of lung samples were selected from small kids from 

the PCOD category “premature, small and weak” that had a mosaic pattern of fetal 

atelectasis consistent with aspiration of amniotic fluid, for PCR testing for C. burnetii, 

with a smaller representative subset selected for testing for Chlamydia spp. For farms 

without a kid with a PCOD of premature, small and weak, lung tissue from a PK kid with 

a death weight of <2.5 kg was submitted for screening for C. burnetii. 

The tissue samples were collected from each case individually using a pair of 

clean forceps and newly opened, sterile scalpel blade. Samples were packaged 

individually at the time of collection into an individually labelled, 29 mL Nasco whirl-

pak™ bag (Nasco B01067WA, Fischer Scientific, Ottawa, Ontario). Parenchymal 

tissues were collected before gastrointestinal samples and samples for histopathology 

were collected after samples for virology, bacteriology, mycoplasmology or parasitology 

were collected. All samples were collected immediately after opening the body, 

following the determination of the PCOD and prior to further dissection. 

A minimum of 3 cases were sampled per farm when numbers per diagnosis 

allowed. Preset panels of tests, as described below, were performed. Farms with a 

large number of submissions had a maximum of 6 cases sampled.  

Testing consisted of a pre-set array of validated microbiological, molecular and 

parasitological tests as recommended and performed by the Animal Health Laboratory, 

University of Guelph (AHL, AAVLD full accreditation, all species and Standards Council 
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of Canada (SCC) to ISO/IEC 17025). Ancillary diagnostic testing included; 

histopathology, microbiology, virology and parasite identification.  

2.4 Diagnostic tests performed 

Pneumonia was diagnosed as a primary cause of death if >40 % of the lungs/lung 

field was affected. Lung lesions were categorized grossly (as described in section 2.2 

Postmortem technique). Representative cases of kids of any age, with a primary cause 

of death diagnosed as pneumonia (as outlined above), had lung tissue submitted for 

viral PCR (testing for bovine herpesvirus 1- BoHV-1, bovine respiratory syncytial virus-

BRSV, and bovine parainfluenza virus 3-BPIV-3), bacterial culture with identification of 

positive culture results by MALDI-TOF (Matrix-Assisted Laser Desorption/Ionization- 

Time Of Flight) and Mycoplasma culture. Ancillary testing was performed on lung for 

each of the previously described potential pathogens as recommended by the Animal 

Health Laboratory, University of Guelph, for the work up of pneumonia in sheep and 

goats. 

For those cases designated to receive further ancillary testing as outlined above, 

samples of each lung lobe were collected for histological evaluation, in order to confirm 

or further categorize the gross lesion observed. These results were then classified by a 

combination of the histological patterns and gross findings following the histological 

pattern criteria for different types of bovine pneumonia as published by Zhang et. al368. 

The gross lesions and correlated histological results were then compared to the results 

of ancillary testing for the same tissue (fresh samples were submitted where possible), 
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to ascertain if any particular agent was correlated with a particular lesion either grossly, 

histopathologically, or both.  

Lung tissue from an additional subset of cases <7 days of age, that were either 

severely underweight or had lesions suspicious for fetal atelectasis or interstitial 

pneumonia (collapsed, mottled red lung tissue, or voluminous, firm, mottled red lungs), 

were submitted for PCR for Coxiella burnetii. Following the return of these positive C. 

burnetii results (cases with Ct values less than the AHL cut point of 40), lung tissue from 

a further subset of these cases tested for C. burnetii, were also screened for Chlamydia 

abortus by PCR.  

For cases of any age with a primary cause of death diagnosed as diarrhea or 

enteritis (based upon the presence of abundant liquid intestinal content, fecal staining 

on the external hair coat or massive gas distention of the intestines), pooled ileum and 

spiral colon were submitted for viral PCR (testing for ruminant rotavirus A, B and 

coronavirus), aerobic and anaerobic bacterial culture with identification of positive 

culture results by MALDI-TOF and parasitology (sucrose wet mount) for identification of 

protozoal parasites (i.e. Cryptosporidia  or Eimeria spp.) or helminth eggs. Genotyping 

by PCR for further bacterial characterization was performed on isolates of all bacterial 

culture results that returned either Clostridium perfringens (toxin genes) or Escherichia 

coli (ETEC, detecting the presence of F4/K88, F5/K99, F41, and Sta genes, EPEC 

detecting the presence of eae (intimin gene), VTEC, STEC which detects presence of 

Stx1, Stx2, eae, and hly genes).  Ancillary testing was performed on ileum/spiral colon 
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for each of the previously described potential pathogens as recommended for the work 

up of diarrhea and enteritis in sheep and goats by the AHL. 

A final subset of cases of any age with a primary cause of death diagnosed on 

postmortem examination as septicemia, based on the presence of 

petechiae/hemorrhage or abscesses in multiple organs with edematous lungs, had lung 

and liver tissue submitted individually for bacterial culture. 

All cases that received ancillary diagnostic testing had representative tissue 

samples of the primary organ of concern assessed histologically. These included: lung, 

liver, ileum, and spiral colon, as required, along with samples of other organs (lung, 

liver, kidney, spleen, abomasum, ileum, and spiral colon) if the quality of preservation 

permitted.  

All microbiological, molecular, and parasitological tests were performed by the 

AHL in accordance with their standard operating procedures.  

2.5 Pathology data  

Postmortem examination frequently allowed for identification of the primary cause 

of death for many of the cases submitted. The primary cause of death (PCOD), was 

determined at postmortem by the lesions that had the most severe functional or 

physiological consequences. If multiple lesions were present (suggestive of concurrent 

disease processes), a secondary cause of death (SCOD) was determined. If no gross 

lesions were observed, the case was classified as “open” as to the cause of death. 



 

 

103 

 

Cases without any grossly apparent lesions received histopathological assessment and 

had tissues held for ancillary testing if required. If lesions suggestive of a particular 

process were observed histologically in cases with a gross diagnosis of “open”, samples 

were submitted for ancillary testing. If no lesion was observed histologically or grossly, 

the cause of death remained “open”. 

The PCOD, and where possible SCOD, as well as results of ancillary testing for 

each kid submitted, were recorded in a spreadsheet database (Excel v16.25, 2019; 

Microsoft, Redmond, WA), formatted by individual case and submitting farm. The results 

of all tests were compared to the previously determined gross PCOD for each case. 

Initial and final diagnoses were determined in consultation with Dr. Robert Foster (RAF). 

The causes of death were categorized under the major system affected (i.e. 

gastrointestinal, respiratory, urinary or multisystemic), or by major attributable cause 

(congenital, post birth injury, birth trauma or open as to cause of death) in order to 

further refine the cause of death for statistical analysis. Each case was allowed only one 

final PCOD diagnosis, and SCOD diagnoses were only listed on those cases with 

secondary lesions that were deemed significant (Appendix 5). Specific pathogens 

detected on ancillary diagnostic testing were considered the causal agent of disease if 

supported by the postmortem and or histopathological lesions. Microbes isolated from 

cases where no significant lesions were detected, were not considered to have caused 

disease.  
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2.6 Database and data analysis 

Results for the postmortem examination were entered as categorized by cause of 

death and primary major system affected. The results of ancillary diagnostic testing 

were entered as 0 (negative) or 1 (positive for that particular agent). Where the 

submission data for an individual case were not available, the results were entered as 

not applicable. If inconclusive results were returned on PCR reporting, the results were 

considered as negative.  

All descriptive statistics on the submission population (excluding kids from farms 

removed from the study, or those cases missing submission data identifying the 

submitting farm) were performed in R/RStudio (RStudio Team, 2015, RStudio Inc., 

Boston, MA). Logged farm data (overall kid births during the study period and overall 

number of kid deaths) provided by the submitting farms were used to calculate a 

mortality rate for the farms involved in the study (12-month farm-level summary), and an 

overall industry kid mortality rate (when the data were aggregated). The mortality rate 

was calculated by dividing the final number of kids to receive postmortem as part of this 

study, by the overall number of kids born on the farms involved in the study, during the 

study period (12 months per farm). Further descriptive statistics to summarize the 

primary causes of death and primary affected systems were performed to summarize 

the results by age group (RStudio v 1.2.1335, RStudio Inc.,). 
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The prevalence estimates for the major pathogens identified from the results of the 

ancillary diagnostic testing were calculated by dividing the positive submissions from 

total number of submissions tested for that pathogen.  

Submission distribution and density was illustrated by chloropleth map (ArcGIS 

10.2.1; Environmental Systems Research Institute, Redlands, CA). The distribution and 

density of the submitted kids were mapped by use of the forward sortation area 

information (the first three letters of an Ontario postal code), for each submitting farm. 

This resulted in a map of number of kids by forward sortation area.  

3 Results 

3.1 Kid population demographics 

As part of the epidemiological portion of this multidisciplinary study an initial 100 

farms were selected by random sampling of known Ontario dairy goat farms, stratified 

by size. Following this, a questionnaire was sent to 50 representative farms and 30 of 

these respondents were selected. These 30 farms were initially enrolled in the study; 

two farms left the industry during the study for financial reasons, and one producer lost 

their herd in a barn fire. Consequently, 27 farms of various sizes completed the study. 

No carcasses from these three excluded farms contributed results to this study. The 

results of the epidemiological portion of the study will not be covered in this thesis. The 

bodies of 819 goat kids were examined from 27 dairy goat herds of various sizes and 

mixed/unknown breed compositions across Ontario. The 16 cases without a record of 
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date of birth or death were not included in the 819 cases examined. The 27 farms had 

an average number of 385 does giving birth per year and an average milking herd size 

of 406 goats. The majority of the kids were from western Ontario (Figure 1). The 

majority of kids were female (561 [68 %] kids) as opposed to male (258 [32 %] kids). In 

most age groups, with the exception of the perinatal kids, the majority of kids received 

were female. The Saanen breed was the most common breed submitted (547 [67 %]), 

followed by those kids identified as Alpine (216 [23 %]). Only 53 (6 %) kids of other 

breeds (Nubian and Toggenberg) were received.  
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Figure 1: Map of Ontario, Canada showing the numbers of Ontario dairy goat kids submitted, 
mapped per forward sortation area (FSA) demonstrating that farms from eastern, northeastern, 
central and southwestern Ontario were included in the study. The majority of farms were from 
southwestern Ontario. 

 

 

Of the kids submitted, 89 (11  %) kids were 0-48 hours old (designated perinatal 

kids, PK), 118 (14  %) were 49 hours to 7 days old (designated neonatal kids, NK), 491 
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(60 %) were 8 – 56 days old (designated pre-weaning age, PWK) and 121 (15 %) were  

57 days until 4 months of age (designated weaned kids, K). 

Birth weights were recorded for 653 of the 819 kids submitted (Table 1). 

Table 1: Summary information for 819 kid goats from 27 Ontario dairy farms included in a 
postmortem study, divided into age group, sex and breed with percentages in brackets, and mean 
age, birthweight and death weight with 95 % confidence intervals in brackets. 

Age Groups  

 
0-48 hr Pre-

weaning Kids  
(N = 89) 

49 hr – 7 d - 
Neonatal Kids  

(N = 118) 

8 d - 56 d - Pre-
weaning Kids  

(N = 491) 

57 d - 4 m - Kids  
(N = 121) 

Total 
number 
of kids 

submitted 

Proportion of 
sex 

(N = 819) 

M 
 

47 
(17 %) 

43 
(15.6 %) 

144 
(52.2 %) 

24 
(8.7 %) 258 

F 
 

42 
(7.2 %) 

75 
(12.9 %) 

347 
(59.4 %) 

97 
(16 %) 561 

Breed 
(N = 819) 

Saanen 57 
(7 %) 

73 
(8.9 %) 

331 
(40.6 %) 

86 
(10.5 %) 547 

Alpine 23 
(2.8 %) 

39 
(4.8 %) 

127 
(15.6 %) 

27 
(3.3 %) 216 

Other 9 
(1.1) 

6 
(1.0 %) 

30 
(3.7 %) 

8 
(1.0 %) 53 

Mean Age in days 
(N = 819) 

1.29 
(0.58-2.00) 

5.03  
(3.60-6.47) 

23.10 
(9.81-36.40) 

81.40 
(59.78-103.03) 

 

Mean Birth weight in kg 
(N = 653) 

2.81  
(1.95-3.67) 

2.75  
(1.90-3.61) 

3.11  
(2.27-3.95) 

3.13  
(2.26-4.01) 

 

Mean Death weight in kg 
(N = 819) 

2.95 
(2.15-3.75) 

2.95 
(1.89-4.01) 

5.05 
(2.41-7.68) 

9.37 
(5.14-13.6) 

 

 

3.2 Mortality rates for Ontario dairy goat kids 

There were 9129 kids born on the 27 Ontario dairy goat farms of various sizes, 

over the 12-month period in which they were involved in the study. Of these, a total of 

819 cases, with adequate records of farm of origin and date of birth and death, were 

included in the study, resulting in an overall study mortality rate of 9.0 % and a median 
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farm mortality rate of 8.89 %. As farm level information was not assessed in this portion 

of the study, the relationship of farm size to mortality rate was not assessed. The 

individual farm mortality rates varied from 1.1 % up to 30.0 % mortality (Table 2). 

Fourteen of the 27 farms had a mortality rate below the average mortality rate of 9.00 % 

in this study, and 21 had a mortality rate below the average lamb mortality rate for 

Ontario of 15.4 %369. 

Table 2: Farm number, number of kids that were born, those that died and received postmortem 
examination, and goat kid study mortality rates for 27 Ontario dairy goat farms of various sizes 
over a 12- month period, starting in January 2018. The 95 % confidence interval for the 9.0 % 
overall study mortality rate is 8.4-9.6. 

Farm # Kids 
born 

Kids died Mortality Rate 

ON01 450 40 8.89 % 

ON02 323 19 5.88 % 

ON10 187 55 29.41 % 

ON11 335 35 10.45 % 

ON12 538 115 21.38 % 

ON13 133 27 20.30 % 

ON14 273 10 3.66 % 

ON15 406 39 9.61 % 

ON16 218 32 14.68 % 
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Farm # Kids 
born 

Kids died Mortality Rate 

ON19 394 82 20.81 % 

ON22 174 1 0.57 % 

ON23 200 4 2.00 % 

ON31 120 27 22.50 % 

ON38 377 43 11.41 % 

ON40 350 15 4.29 % 

ON46 354 28 7.91 % 

ON56 142 3 2.11 % 

ON78 171 31 18.13 % 

ON82 407 17 4.18 % 

ON95 444 34 7.66 % 

ON96 95 14 14.74 % 

ON98 426 35 8.22 % 

ON100 322 46 14.29 % 

ON101 788 9 1.14 % 

ON102 555 6 1.08 % 
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Farm # Kids 
born 

Kids died Mortality Rate 

ON103 730 30 4.11 % 

ON104 217 22 10.14 % 

Total 9129 819 9.00 % 

3.3 Cause of death by primary system affected 

Table 3 provides information for PCODs categorized by primary system affected or 

process. The most common PCOD in the PK and NK age groups was multisystemic 

disease, followed by respiratory disease and gastrointestinal disease. In contrast, in the 

older age groups (PWK and K) respiratory disease was the most common PCOD, 

followed by multisystemic disease (affecting multiple organ systems- including filtration 

organs and/or joints) and gastrointestinal disease for the PWK age group and by 

gastrointestinal disease then multisystemic disease for the K age group. Other causes 

were recorded in lower numbers amongst all age groups. 

Table 3: The number of dairy goat kids to receive postmortem examination as categorized by 
primary system affected or process and age group (perinatal- 0 – 48 hr, neonatal- 49 hr - 7 days, 
pre-weaning- 8 - 56 days and weaned kids- 57 days – 4 months) out of 819 kids submitted from 27 
dairy goat farms of various sizes over a 12-month period. The percentage of overall kids affected 
is included in brackets.  

Cause of death by 
primary system 

affected or process 
 

Perinatal kids  
 (0 – 48 hr) 

(N = 89) 

Neonatal kids 
(49 hr - 7 days) 

(N = 118) 

Pre-weaning 
kids  

 (8 - 56 days) 
(N = 491) 

Weaned kids 
 (57 days - 4 

m) 
(N = 121) 

Total 
kids 

(N = 819) 

Respiratory 17 
(2.1 %) 

19 
(2.3 %) 

193 
(23.6 %) 

66 
(8.1 %) 

295 
(36 %) 

Multisystemic 46 
(5.6 %) 

71 
(8.7 %) 

146 
(17.8 %) 

18 
(2.2 %) 

281 
(34.3 %) 
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Cause of death by 
primary system 

affected 
 

Perinatal kids  
 (0 – 48 hr) 

(N = 89) 

Neonatal kids 
(49 hr - 7 days) 

(N = 118) 

Pre-weaning 
kids  

 (8 - 56 days) 
(N = 491) 

Weaned kids 
 (57 days - 4 

m) 
(N = 121) 

Total 
kids 

(N = 819) 

Other Gastrointestinal 9 
(1.1 %) 

17 
(2.1 %) 

132 
(16.1 %) 

31 
(3.8 %) 

189 
(23.1 %) 

Trauma/iatrogenic 5 
(0.6 %) 

4 
(0.5 %) 

5 
(0.6) 

2 
(0.2 %) 

16 
(2.0 %) 

Open (No PCOD 
determined) 

2 
(0.2 %) 

1 
(0.1 %) 

9 
(1.1 %) 

1 
(0.1 %) 

13 
(1.6 %) 

Abomasal disease 1 
(0.1 %) 

4 
(0.5 %) 

5 
(0.6 %) 

1 
(0.1 %) 

11 
(1.3 %) 

Birth Trauma 
 

7 
(0.9 %) 0 1 

(0.1 %) 
0 
 

8 
(1.0 %) 

Congenital 2 
(0.2 %) 

2 
(0.2 %) 0 1 

(0.1 %) 
5 

(0.6 %) 

Neurological 0 0 0 1 
(0.1 %) 

1 
(0.1 %) 

Total Kids 
89 

(10.9 %) 
118 

(14.4 %) 
491 

(60.0 %) 
121 

(14.8 %) 819 

 

3.4 Primary cause of death by age group 

The predominant PCOD for the PK (n = 89) age group over a 12 month period are 

presented in Table 4, including prematurity (‘premature, small and weak’) - 18 kids (2.2 

% of kid mortality overall), septicemia (7 kids / 2.1 %), pneumonia (17 kids / 2.1 %) and 

starvation (11 kids / 1.3 %). The main primary causes of death for the NK (n = 118) age 

group were starvation (35 kids / 4.3 %), septicemia (30 kids / 3.6 %), pneumonia (19 

kids / 2.3 %), and diarrhea/enteritis (16 kids / 2.0 %). The main primary causes of death 

for the PWK (n = 491) age group are pneumonia (192 kids / 23.4 %), diarrhea/enteritis 

(117 kids / 14.3 %), septicemia (81 kids / 9.9 %), and starvation (62 kids /7.5 %). The 

main primary causes of death for the K (n = 121) age group are pneumonia (66 kids / 



 

 

113 

 

8.0 %), diarrhea/enteritis (26 kids / 3.2 %), septicemia (14 kids / 1.7 %), and starvation 

(4 kids / 0.5 %). 

Table 4: The diagnosed primary causes of death for 819 kids under four months of age that were 
submitted in an Ontario postmortem study of 27 Ontario dairy goat farms of various sizes over a 
12-month period. The causes of death are categorized by age group with the percentage of overall 
kids affected in brackets. 

Cause  
of Death 

Perinatal kids 
(0 - 48 hr) 

Neonatal kids  
(49 hr - 7 days) 

Pre-weaning 
kids 

 (8 - 56 days) 

Weaned kids 
 (57 days - 4 m) Total kids 

Pneumonia 17 
(2.1 %) 

19 
(2.3 %) 

192 
(23.4 %) 

66 
(8.0 %) 

294 
(36.0 %) 

Diarrhea/ Enteritis 8 
(1.0 %) 

16 
(2.0 %) 

117 
(14.3 %) 

26 
(3.2 %) 

167 
(20.4 %) 

Septicemia 17 
(2.1 %) 

30 
(3.6 %) 

82 
(10.0 %) 

14 
(1.7 %) 

143 
(17.5 %) 

Starvation 11 
(1.3 %) 

35 
(4.3 %) 

62 
(7.5 %) 

4 
(0.5 %) 

112 
(13.7 %) 

Premature, small, weak 18 
(2.2 %) 

6 
(0.7 %) 

3 
(0.4 %) 

0 27 
(3.3 %) 

Mesenteric or abomasal 
torsion 

1 
(0.1 %) 

1 
(0.1 %) 

15 
(1.8 %) 

3 
(0.4 %)  

20 
(2.4 %) 

Trauma 4 
(0.5 %) 

4 
(0.5 %) 

4 
(0.5 %) 

2 
(0.2 %) 

14 
(2.0 %) 

Open  2 
(0.9 %) 

1 
(0.1 %) 

9 
(1.1 %) 

1 
(0.1 %) 

13 
(1.6 %) 

Abomasal disease 1 
(0.1 %) 

4 
(0.5 %) 

5 
(0.6 %) 

1 
(0.1 %) 

11 
(1.3 %) 

Dystocia 7 
(0.9 %) 

0 1 
(0.1 %) 

0 8 
(1.0 %) 

Congenital deformity 2 
(0.2 %) 

2 
(0.2 %) 

0 1 
(0.1 %) 

5 
(0.6 %) 

Disbudding injury 0 0 4 
(0.5 %) 

0 4 
(0.5 %) 

Intestinal impaction 0 0 0 2 
(0.2 %) 

2 
(0.2 %) 

Iatrogenic 1 
(0.1 %) 

0 0 0 1 
(0.1 %) 

Encephalitis 0 0 0 1 
(0.1 %) 

1 
(0.1 %) 

Total Kids 89 
(11.0 %) 

118 
(14.0 %) 

491 
(60.0 %) 

121 
(15.0 %) 

819 
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3.4.1 Primary cause of death of perinatal kids (PK) 

Table 5 lists the PCODs for the PK age group (0 – 48 hours, n = 89) by sex. 

More male (M) kids (n = 47, 52.8 %) were submitted than female (F) kids (42, 47.2 %) 

which was not significantly different (P = 0.6718) in this age group. In the PK group, 

both males and females died from similar PCODs. As reported overall, the predominant 

PCODs for the PK age group are prematurity (premature, small and weak) (18 / 20.2 % 

kids with 9 M and 9F; P = 1.0000), septicemia (17 / 19.1 % kids with 7 M, 10 F; P = 

0.6291), pneumonia (17 / 19.1 % kids with 8 M, 9 F; P = 1.0000), and starvation (11 / 

12.4 % kids with 8 M, 3 F; P = 0.2266). 

Table 5: The diagnosed primary causes of death for 89 kids from the perinatal age group (0 - 48 
hours) submitted as part of an Ontario postmortem study of 27 dairy goat farms of various sizes, 
over a 12-month period. The kids are counted by sex, with the percentage of kids affected (both by 
sex, and overall) in brackets. 

Cause of death Males 
 

Females  
 

Total kids 

Abomasal disease 0 1 
(2.4 %) 

1 
(1.1 %) 

Congenital 2 
(4.3 %) 

0 2 
(2.2 %) 

Diarrhea/ Enteritis 
 

4 
(8.7 %) 

4 
(9.5 %) 

8 
(9.0 %) 

Dystocia 4 
(8.5 %) 

3 
(7.1 %) 

7 
(7.9 %) 

Iatrogenic 1 
(2.1 %) 

0 1 
(1.1 %) 

Open 2 
(4.3 %) 

0 2 
(2.2 %) 

Pneumonia 8 
(17.0 %) 

9 
(21.4 %) 

17 
(19.1 %) 

Premature, small and weak 9 
(19.1 %) 

9 
(21.4 %) 

18 
(20.2 %) 

Septicemia 7 
(14.9 %) 

10 
(24 %) 

17 
(19.1 %) 

Starvation 8 
(17.0 %) 

3 
(7.1 %) 

11 
(12.4 %) 

Torsion (mesenteric) 0 1 
(2.4 %) 

1 
(1.1 %) 
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Cause of death Males 
 

Females  
 

Total kids 

Trauma 2 
(4.3 %) 

2 
(4.8 %) 

4 
(4.5 %) 

Total Kids 47 
(52.8 %) 

42 
(47.2 %) 

89 

 

3.4.2 Primary cause of death of neonatal kids (NK) 

Table 6 lists the PCOD for the NK age group (age 49 hours – 7 days, n = 118; P 

= 0.01061) by sex. More female kids (75, 63.6 %) were submitted than male kids (43, 

36.4 %) in the NK group. In this age group, as was seen in the PK age group, both 

males and females died from similar PCODs. As reported overall, the primary causes of 

death for the NK age group were starvation (35 / 30.0 % kids with 12 M, 23 F; P = 

0.08953), septicemia (30 / 25.5 % kids with 15 M and 15F; P = 1.0000), pneumonia (19 

/ 16.1 % kids with 4 M, 15 F; P = 0.01921), and diarrhea/enteritis (16 /13.6 % kids with 6 

M, 8 F; P = 0.7905). 

Table 6: The diagnosed primary causes of death for 118 kids from the neonatal age group (49 
hours – 7 days) submitted as part of an Ontario postmortem study of 27 dairy goat farms of 
various sizes, over a 12-month period. The kids are counted by sex, with the percentage of kids 
affected (both by sex, and overall) in brackets. 

Cause of death Males 
 

Females  
 Total Kids 

Abomasal disease 2 
(4.7 %) 

2 
(2.7 %) 

4 
(3.4 %) 

Congenital 1 
(2.3 %) 

1 
(1.3 %) 

2 
(1.7 %) 

Diarrhea/ Enteritis 6 
(14.0 %) 

10 
(13.3 %) 

16 
(13.6 %) 

Open 0 1 
(1.3 %) 

1 
(0.8 %) 

Pneumonia 4 
(9.3 %) 

15 
(20.0 %) 

19 
(16.1 %) 
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Cause of death Males 
 

Females  
 

Total Kids 

Premature, small and weak 2 
(4.7 %) 

4 
(5.3 %) 

6 
(5.1 %) 

Septicemia 15 
(34.9 %) 

15 
(20.0 %) 

30 
(25.5 %) 

Starvation 12 
(27.9 %) 

23 
(31.0 %) 

35 
(30.0 %) 

Torsion (mesenteric) 1 
(2.3 %) 

0 1 
(0.8 %) 

Trauma 0 4 
(5.3 %) 

4 
(3.4 %) 

Total Kids 43 
(36.4 %) 

75 
(63.6 %) 

118 

 

3.4.3 Primary cause of death of pre-weaning kids (PWK) 

Table 7 lists the PCODs for the PWK age group (age 8 - 56 days, n =491, P = < 

0.0001) by sex. More female kids (347, 70.7 %) were submitted than male kids (144, 

29.3 %) in the PWK group. Similar to the PK and NK age groups, both male and female 

PWK’s died from similar PCODs. The main primary causes of death for the PWK age 

group are pneumonia (192 / 39.1 % kids with 48 M, 144 F; P < 0,0001), 

diarrhea/enteritis (117 / 23.8 % kids with 40 M, 77 F; P = 0.02138), septicemia (81 / 16.5 

% kids with 22 M, 59 F; P < 0.0001), and starvation (62 / 12.6 % kids with 18 M, 44 F; P 

= 0.0013). 
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Table 7: The diagnosed primary causes of death for 491 kids from the pre-weaning age group (8-
56 days) submitted as part of an Ontario postmortem study of 27 dairy goat farms of various 
sizes, over a 12-month period. The kids are counted by sex, with the percentage of kids affected 
(both by sex, and overall) in brackets. 

Cause of death Males 
 

Females  
 Total Kids 

Abomasal disease 2 
(1.4 %) 

3 
(0.9 %) 

5 
(1.0 %) 

Disbudding injury 1 
(0.7 %) 

3 
(0.9 %) 

4 
(0.8 %) 

Diarrhea/ Enteritis 40 
(27.8 %) 

77 
(22.9 %) 

117 
(23.8 %) 

Dystocia 0 1 
(0.3 %) 

1 
(0.2 %) 

Open 6 
(4.2 %) 

3 
(0.9 %) 

9 
(1.8 %) 

Pneumonia 48 
(33.3 %) 

144 
(41.5 %) 

192 
(39.1 %) 

Polyserositis 0 1 
(0.3 %) 

1 
(0.2 %) 

Premature, small and weak 1 
(0.7 %) 

2 
(0.6 %) 

3 
(0.6 %) 

Septicemia 22 
(15.3 %) 

59 
(17.0 %) 

81 
(16.5 %) 

Starvation 18 
(12.5 %) 

44 
(12.7 %) 

62 
(12.6 %) 

Torsion (mesenteric) 5 
(3.5 %) 

10 
(2.9 %) 

15 
(3.1 %) 

Trauma 1 
(0.7 %;) 

0 1 
(0.2 %) 

Total Kids 144 
(29.3 %) 

347 
(70.7 %) 

491 

3.4.4 Primary cause of death of weaned kids (K) 

Table 8 lists the PCODs for the WK age group (age 57 days to 4 months, n = 

121; P < 0.001) by sex. More female kids (97, 80.2 %) were submitted than male kids 

(24, 12.6 %) in the K group. Overall, both males and females died from similar PCODs. 

As reported overall, the main primary causes of death for the K age group are 

pneumonia (66 / 55 % kids with 10 M, 56 F; P < 0.0001), enteritis (16 / 13 % kids with 3 

M, 13 F; P = 0.02127), septicemia (14 / 12 % kids with 2 M, 10 F; P = 0.1796), and 

diarrhea (10 / 8 % kids with 3 M, 7 F; P = 0.3438). 



 

 

118 

 

Table 8: The diagnosed primary causes of death for 121 kids from the weaned kid age group (57 
days - 4 months) submitted as part of an Ontario postmortem study of 27 dairy goat farms of 
various sizes, over a 12-month period. The kids are counted by sex, with the percentage of kids 
affected (both by sex, and overall) in brackets. 

Cause of death Males 
 

Females  
 

Total Kids 

Abomasal disease 0 1 
(1.0 %) 

1 
(0.8 %) 

Congenital  0 1 
(1.0 %) 

1 
(0.8 %) 

Diarrhea 6 
(25.0 %) 

20 
(20.6 %) 

26 
(21.5 %) 

Encephalitis 0 1 
(1.0 %) 

1 
(0.8 %) 

Intestinal impaction  1 
(4.2 %) 

1 
(1.0 %) 

2 
(1.7 %) 

Open 1 
(4.2 %) 

0 1 
(0.8 %) 

Pneumonia 10 
(41.7 %) 

56 
(57.7 %) 

66 
(54.5 %) 

Septicemia 4 
(16.7 %) 

10 
(10.3 %) 

14 
(11.6 %) 

Starvation 1 
(4.2 %) 

3 
(3.1 %) 

4 
(3.3 %) 

Torsion (mesenteric) 0 3 
(3.1 %) 

3 
(2.5 %) 

Trauma 1 
(4.2 %) 

1 
(1.0 %) 

2 
(1.7 %) 

Total Kids 24 
(12.6 %) 

97 
(80.2 %) 

121 

 

3.4.5 Secondary causes of death 

Secondary causes of death were identified for 264 (32.3 %) of the 819 kids examined 

(Table 9). The most common secondary cause of death identified was septicemia (75 / 

28.4 %) closely followed by pneumonia (67 / 25.4 %), starvation (64 / 24.2 %), diarrhea 

and enteritis (38 / 14.4 %), and premature, small and weak (15 / 5.75). Secondary 

causes of death were most commonly identified in the PWK (159/ 60.2 %) and NK age 

groups (47 / 17.8 %). Most PCODs that tended to have a SCOD diagnosed, were those 

within the top 4 main causes of death (Appendix 5). 
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Table 9: The diagnosed secondary causes of death for 264 kids, out of a total of 819 examined, as 
part of an Ontario postmortem study of 27 dairy goat farms of various sizes over a 12-month 
period.  The number of kids per diagnosis are listed by age group, with the percentage of kids 
affected (both by age group and overall) listed in brackets.  

Secondary cause of 
death  

(N = 264) 

Perinatal kids  
 (0 – 48 hr) 

 

Neonatal kids 
(49 hr - 7 days) 

 

Pre-weaning 
kids  

 (8 - 56 days) 
 

Weaned kids 
 (57 days - 4 

m) 
 

Total    
kids 

Pneumonia 6 
(2.3 %) 

4 
(1.5 %) 

46 
(17.4 %) 

11 
(4.2 %) 

67 
(25.4 %) 

Diarrhea/ Enteritis 2 
(0.7 %) 

6 
(2.3 %) 

25 
(9.5 %) 

5 
(1.9 %) 

38 
(14.4 %) 

Septicemia 6 
(2.3 %) 

20 
(7.6 %) 

40 
(15.2 %) 

9 
(3.4 %) 

75 
(28.4 %) 

Starvation 4 
(1.5 %) 

 

14 
(5.3 %) 

42 
(15.9 %) 

4 
(1.5 %) 

 

64 
(24.2 %) 

PSW 9 
(3.4 %) 

 

3 
(1.1 %) 

3 
(1.1 %) 

0 15 
(5.7 %) 

Dystocia 
 

1 
(0.4 %) 

0 1 
(0.4 %) 

0 
 

2 
(0.8 %) 

Abomasal disease 0 0 2 
(0.8 %) 

0 2 
(0.8 %) 

Blood loss 1 
(0.4 %) 

0 0 0 1 
(0.4 %) 

Total kids 29 
(11.0 %) 

47 
(17.8 %) 

159 
(60.2 %) 

29 
(11.0 %) 

264 

3.4.6 Open as to cause of death 

Those cases where no lesions were observed grossly were categorized as “open 

as to cause of death”. If no lesions were apparent histologically that could explain the 

cause of death, they remained in this category. If any lesions were observed 

histologically (e.g. inflammation/necrosis in multiple organs suggestive of septicemia, 

pneumonia, any possible increase in cellularity in an organ), then ancillary diagnostic 
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testing was pursued and the case was recategorized accordingly. Following 

histopathology and subsequent ancillary diagnostic testing, one open case was 

recategorized as a death due to septicemia (included in the reported numbers above) 

and one was noted to have secondary lesions (histologic lesions) of pneumonia and 

received ancillary testing. The results were included in the results of ancillary diagnostic 

testing for pneumonia cases below. Although a SCOD was identified in this second 

case, the PCOD remained “open”, as the lesions of pneumonia were not considered 

significant to have caused the death of the kid. Histopathology was inconclusive (due to 

the degree of autolysis) for two other cases. Based upon their histopathological 

assessment, these open cases received ancillary diagnostic testing for pneumonia and 

diarrhea/enteritis. However, the lack of definitive histological lesions, combined with the 

results of ancillary diagnostic testing still did not allow for determination of the PCOD 

and these cases remain categorized as open. Of the remaining cases, no histological 

lesions were observed. The cases reported as “open as to cause of death” in each of 

the age groups above, were those where no gross or histologically apparent lesions 

were observed. In result, the cause of death in those cases (13 total, across all age 

groups) remained unknown (no diagnosis). 

3.5 Results of ancillary diagnostic testing 

3.5.1 Ancillary diagnostic testing for pneumonia cases 

Of the 819 kids received from the 27 goat dairies of various sizes from across 

Ontario, lung tissue from 67 kids with pneumonia diagnosed as the PCOD received 
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further testing (see section 2.4 for Actual tests performed, and Appendix 4). Of the 27 

farms participating in the kid mortality study, 25 had at least a minimum of one kid with a 

primary cause of death diagnosed as pneumonia (herd-level prevalence 88.9 %). These 

25 farms received ancillary diagnostic testing (viral PCR, bacterial culture and 

mycoplasma culture) as part of further investigation. Of these farms, an average of 2.5 

cases were tested per farm (1 case = 5 farms, 2 cases = 6 farms, 3 cases = 7 farms, 4 

cases = 4 farms, and 6 cases = 2 farms). Three farms (out of the 27 farms overall) had 

no cases of pneumonia identified as the PCOD (Appendix 4).  

3.5.1.1 Pneumonia: results of bacterial culture 

The most common bacterial species cultured from 67 cases with a PCOD of 

pneumonia are listed in Table 10. Out of 67 submissions, 64 cultured at least one 

bacterial species (94.1 %) and 47 (69.1 %) were positive for at least one Mycoplasma 

species. Twenty submissions failed to culture any mycoplasma species (29.4 %). 

Overall, there were a variety of bacterial species cultured from the lung tissue 

submitted. The 5 most prevalent bacteria isolated were: Mannheimia haemolytica type II 

(37 %), Escherichia coli (25 %), Trueperella pyogenes (18 %), Pasteurella multocida (15 

%), and Bibersteinia trehalosi (12 %) (Table 10). Streptococcus gallolyticus (9 %) and 

Staphylococcus aureus (4 %) were identified less frequently. Acinetobacter lwoffii, 

Aerococcus viridans, Corynebacterium pseudotuberculosis, Enterococcus hirae, 

Helcococcus ovis, Mannheimia haemolytica type I, Mannheimia ruminalis, 

Staphylococcus equorum, and Streptococcus ovis were isolated sporadically (all <3 %) 

from the submitted samples (Appendix 4).  
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Of the top 5 bacterial species cultured, very few were the sole agents identified in 

those cases. Most of the cases, wherein only a single nonmycoplasmal bacterial 

species was identified, concurrently cultured M. arginini, M. ovipneumoniae or both. 

Only one pneumonia case had T. pyogenes identified as a sole agent (4.4 %). Only 2 

had M. haemolytica type II identified as a sole agent (2.9 %) and only one pneumonia 

case had E. coli or B. trehalosi identified as a sole agent (1.5 %). There were no 

pneumonia cases where P. multocida was identified as a sole agent (Table 10). The 

majority of pneumonias cultured more than one non mycoplasmal bacteria species, 

along with either M. arginini, M. ovipneumoniae or both. 

Table 10: The top 5 most common bacterial species cultured from 67 cases with a primary cause 
of death diagnosed as pneumonia, that received ancillary diagnostic testing, from 819 goat kids 
received as part of an Ontario postmortem study of 27 dairy goat farms of various sizes over a 12-
month period.  The counts of each of these bacteria cultured are reported as a sole agent, or with 
concurrent growth of one or both of Mycoplasma arginini and Mycoplasma ovipneumoniae, with 
the percentage of the 67 cases listed in brackets. 

Bacterial 
species 
cultured        
(N = 67) 

Number 
of 

cases  

Percentage 
overall 

Sole 
agent 

cultured 
(%) 

Number with 
concurrent 

positive 
Mycoplasma 

arginini culture       
(%) 

Number with 
concurrent 

positive 
Mycoplasma 

ovipneumoniae 
culture (%) 

Number with 
concurrent 

Mycoplasma 
arginini and 

ovipneumoniae 
culture (%) 

Mannheimia 
haemolytica 
type II 

25 37.3 % 2 (2.9 %) 3 (4.5 %) 1 (1.5 %) 3 (4.5 %) 

Escherichia coli 17 25.4 % 1 (1.5 %) 4 (5.9 %) 0 0 

Trueperella 
pyogenes 

12 17.9 % 3 (4.5 %) 0 0 2 (2.9 %) 

Pasteurella 
multocida 

10 14.9 % 0 1 (1.5 %) 0 1 (1.5 %) 
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Bacterial 
species 
cultured        
(N = 67) 

Number 
of 

cases  

Percentage 
overall 

Sole 
agent 

cultured 
(%) 

Number with 
concurrent 

positive 
Mycoplasma 

arginini culture       
(%) 

Number with 
concurrent 

positive 
Mycoplasma 

ovipneumoniae 
culture (%) 

Number with 
concurrent 

Mycoplasma 
arginini and 

ovipneumoniae 
culture (%) 

Bibersteinia 
trehalosi 

8 11.9 % 1 (1.5 %) 0 0 0 

For the lung tissues submitted for Mycoplasma species culture, most isolates 

were positive for Mycoplasma arginini (37 / 54.4 %), with fewer submissions positive for 

Mycoplasma ovipneumoniae (28 / 41.2 %) and Mycoplasma bovis (1 / 1.5 %). 

Seventeen of the cases submitted were positive for both M. arginini and M. 

ovipneumoniae concurrently (25.0 %). The single positive with M. bovis was also 

positive for M. arginini. Ureaplasma spp. failed to grow from any tissue submitted. All of 

these submissions that tested positive for any of the mycoplasmas also had other 

bacteria (usually more than one species) present.  

Of the 20 submissions that failed to identify any Mycoplasma or Ureaplasma 

species, 14 cases were positive for at least one of the top five bacterial species (listed 

above) and 2 submissions were positive for Streptococcus gallolyticus (one of which 

was in conjunction with Staphylococcus aureus). Four of the cases that failed to culture 

any Mycoplasma/Ureaplasma species, failed to culture any bacteria at all.  Of these 

four, 2 cases had histological evidence and lesions of pneumonia, one of 

fibrinosuppurative bronchopneumonia and the other, aspiration of feed material. 
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3.5.1.2 Pneumonia: results of viral PCR 

Of the 67 samples with a PCOD of pneumonia submitted for ancillary diagnostic 

testing, only 2 (2.9 %) samples tested positive for a virus (bovine parainfluenza virus- 

BPIV-3). All others tested (65 submissions, or 97.1 %) were negative for all of the 

viruses tested for (BoHV-1, BPIV-3, and BRSV, Appendix 4). The two samples that 

were positive for BPIV-3, were also positive for Mycoplasma arginini and Mycoplasma 

ovipneumoniae. One of these also had a concurrent positive result for Trueperella 

pyogenes and the other was positive for multiple bacteria (Bibersteinia trehalosi, 

Mannheimia haemolytica type II, and Pasteurella multocida). 

3.5.1.3 Pneumonia: histopathology 

Lung tissue was examined by histopathology for 56 / 67 cases diagnosed with 

pneumonia as the primary cause of mortality. Two further cases, one with no diagnosis 

based on postmortem examination and one that died of trauma, were submitted for 

comparison (negative control) for a total of 58 cases. A minimum of one case per farm 

up to a maximum of six cases were examined histologically if the gross pattern of 

pneumonia differed between cases. Lung lesions were divided based on gross features 

(as described in section 2. Materials and Methods). The majority of the 56 cases 

submitted for histopathology were diagnosed grossly with cranioventral 

bronchopneumonia (15, 27.8 %, Figure 2), followed by fibrinous bronchopneumonia (13, 

24.1 %, Figure 3), interstitial pneumonia (6, 11.1 %, Figure 4), bronchointerstitial 

pneumonia (5, 9.3 %, Figure 5), and bronchopneumonia with abscesses (4, 7.4 %, 
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Figure 6). Less common gross patterns of pneumonia that received histopathological 

examination included 3 (4.4 %) each of pleuropneumonia (Figure 7) and fibrinous 

bronchopneumonia with abscesses (Figure 8), 2 each (2.9 %) of bronchopneumonia 

with pleuritis (Figure 9) and bronchointerstitial pneumonia with abscesses (Figure 10), 

and 1 (1.5 %) each of embolic pneumonia (Figure 11) and fibrinous and necrotizing 

pneumonia (Figure 12). 

 

 

 

 

 

Figure 2: Cranioventral bronchopneumonia: approximately ¾ of the cranioventral lung lobe is 
dark red and consolidated. 
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Figure 4: Bronchointerstitial pneumonia; approximately ½ of the cranioventral lung lobes are 
consolidated whereas the dorsal lung lobes are expanded with rib imprints. 

Figure 3: Fibrinous bronchopneumonia: approximately ⅔ rds of the cranioventral lung is 
consolidated and the pleural surface is overlaid with fibrin. 
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Figure 6: Pleuropneumonia: the pleural surface of the lung and the thoracic body wall is diffusely 
overlaid with a thick mat of fibrin with some consolidation of the underlying lung parenchyma. 

Figure 5: Interstitial pneumonia: approximately ¾ of the caudodorsal lung is firm, expanded and 
dark red. 
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Figure 8: Fibrinous bronchopneumonia with abscesses: approximately ¾ of the cranioventral 
lung is dark red and consolidated with a large tan abscess and the pleural surface of the lung is 
overlaid with fibrin. 

Figure 7: Bronchopneumonia with abscesses: approximately ¾ of the cranioventral lung is 
consolidated with a central tan-brown abscess. 
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Figure 10: Bronchointerstitial pneumonia with abscesses: approximately ½ of the cranioventral 
lung lobes are dark red and consolidated and contain tan brown abscesses, whereas the dorsal 
lung lobes are firm and expanded. 

Figure 9: Bronchopneumonia with pleuritis: approximately ¾ of the cranioventral lung lobe 
is dark red and consolidated, and both the pleural surface of the lung and the thoracic body 
wall are overlaid with fibrin. 
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Figure 12: Fibrinous and necrotizing pneumonia: approximately ¾ of the caudodorsal lung is dark 
red and soft (necrotic) and centrally, is partially replaced by a large consolidated aggregate of 
fibrin. The remainder of the lung is collapsed and the pleural cavity is filled with fibrin. 

Figure 11: Embolic pneumonia: there are multiple, random and multifocal areas of consolidated 
lung parenchyma scattered throughout the lung. 
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The most common histological diagnosis was bronchopneumonia of all subtypes 

(40/54 cases, or 74.1 %), which was subdivided into suppurative (24), fibrinosuppurative 

(9), fibrinous (3), and histiocyte rich (2). Interstitial pneumonia (4) and aspiration of 

amniotic content (3) was also identified. Of these, the greatest agreement between 

gross and histological diagnosis was for the category of cranioventral 

bronchopneumonia (11 cases).  

The majority of the all types of bronchopneumonia, regardless of gross 

appearance (fibrinous and/or +/- abscesses or pleuritis) were primarily suppurative 

histologically (35 of 54 pneumonia cases examined histologically). Of these, multiple 

bacterial species were cultured (as reported above in 3.5.1.1 results of bacterial culture, 

Appendix 4, Table 13 and Appendix 5, Table 30). There was little agreement between 

the gross/histological appearance of the subtypes of bronchopneumonia and the culture 

result. For example, of the bronchopneumonia cases that cultured Mannheimia 

haemolytica type II that were examined histologically (17/54 pneumonia cases), 6 had 

diagnoses of bronchopneumonia (including suppurative and with abscesses), 7 were 

fibrinous bronchopneumonia (including abscesses), 1 was pleuropneumonia, 1 was 

interstitial pneumonia, and 1 had an embolic pattern. One had no lesions grossly or 

histologically (died from trauma). 

Twelve of 15 cases with a gross diagnosis of bronchopneumonia had the same 

diagnosis histologically. Of the other three, histologically one had bronchointerstitial 

pneumonia, one appeared to be aspiration of amniotic contents, and the third had an 

embolic pattern. 
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There was little agreement between the gross diagnosis of fibrinous 

bronchopneumonia and the histological categorization.  Of the 13 cases of fibrinous 

bronchopneumonia diagnosed grossly, 3 cases were suppurative bronchopneumonia 

histologically. The remainder of this pneumonia category were either fibrinosuppurative 

(3), fibrinous (2) or the histological findings changed the diagnosis to an interstitial 

pneumonia of sepsis (3). One case, diagnosed grossly as fibrinous bronchopneumonia, 

had two patterns histologically- suppurative, overlaid upon lesions consistent with an 

interstitial pneumonia of sepsis. One other case, diagnosed grossly as a fibrinous 

bronchopneumonia, had an embolic pattern histologically. 

Of the 5 cases with a gross diagnosis of interstitial pneumonia based on gross 

pattern, only 1 had a histological correlate of interstitial pneumonia (respiratory epithelial 

damage). Of the remaining, 1 case was histologically most consistent with 

bronchopneumonia, and 3 were due to aspiration (2 of which were amniotic contents 

and 1 was aspiration of feed material).  

None of the cases with a gross diagnosis of bronchointerstitial pneumonia (5) 

grossly had histological lesions consistent with this (a combination of bronchiolar 

necrosis and interstitial pneumonia). The rest were suppurative bronchopneumonia (3) 

or fibrinosuppurative bronchopneumonia (2).  

In the one case where necrosis was recognized grossly, it was also captured 

histologically. 
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3.5.2 Coxiella and Chlamydia screening results 

A subset of 36 small, underweight kids less than 7 days of age were tested for 

Coxiella burnetii (Appendix 4). This included at least one kid per farm where a 

submission from this age group was possible, up to a maximum of three submissions 

per farm. Of the lung tissue submitted from 36 cases, 22 (61.1 %) submissions were 

positive for C. burnetii (with Ct values ranging from Ct 24.03 – 39.12 and quantifications 

ranging from 1.20 E+00 – 7.60 E+04). A further 2 submissions (5.6 %) tested as 

inconclusive (Ct value 40), as reported by the Animal Health Laboratory, University of 

Guelph. Samples with a Ct value > 40 were reported as negative by the Animal health 

Laboratory, with only positive samples being reported as copies/uL. Twenty-six out of 

the 36 of the cases that received molecular screening for C. burnetii were also 

examined histopathologically. Fourteen of the cases examined histologically were 

positive for C. burnetii as determined by PCR (included in the 22 positive cases 

reported above) and 1 was inconclusive (1 of the 2 inconclusive cases reported above). 

Histological patterns for the positive cases included aspiration of amniotic content (6), 

suppurative bronchopneumonia (3), interstitial pneumonia of sepsis (2), histiocytic 

bronchopneumonia (2), and no lesions grossly or histologically (cause of death was 

trauma, 1). The cases diagnosed histologically with a histiocytic bronchopneumonia 

were stained with Giemsa and Pierce Vanderkamp modified Gimenez stains to detect 

bacterial organisms; none were observed. 

A further subset (8) of these cases from farms with varying histological lesions 

that were both negative (6), and positive (3) for C. burnetii on PCR, were further tested 
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by PCR for Chlamydia spp., none were positive. Histological lesions varied (3 interstitial 

pneumonia of sepsis, 2 aspiration of amniotic content, 1 suppurative 

bronchopneumonia, and 1 histiocytic bronchopneumonia). The case diagnosed 

histologically with a histiocytic bronchopneumonia was stained with Giemsa and Pierce 

Vanderkamp modified Gimenez stains to look for bacteria and none were observed. 

 

3.5.3 Ancillary diagnostic testing for diarrhea and enteritis  

Ileum and spiral colon from 56 cases of diarrhea (38 / 67.9 %) and enteritis (16 / 

28.6 %) diagnosed as the cause of death, were submitted for ancillary diagnostic testing 

(see section 2.4-Actual tests performed and Appendix 4). Of the 27 farms of various 

sizes participating in the Kid Mortality Study, 22 had at least a minimum of one or more 

cases with a primary cause of death diagnosed as either diarrhea or enteritis (overall 

herd-level prevalence 20.4 %; diarrhea herd-level prevalence 14.0 %, enteritis herd-

level prevalence 16.3 %).  One or more cases from these 22 farms received ancillary 

diagnostic testing (viral PCR, bacterial culture, and sucrose wet mount for parasites) as 

part of further investigation, with an average of 2.1 cases tested per farm (1 case = 7 

farms, 2 cases = 5 farms, 3 cases = 4 farms, and 4 cases = 3 farms). Five of 27 farms 

had no cases. The cases of diarrhea represented 19 farms and of enteritis, eight farms. 
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3.5.3.1 Diarrhea: results of bacterial culture 

Out of 56 submissions, 53 (94.6 %) had at least one bacterial species cultured 

(Appendix 4, Table 17 and Appendix 5 Table 32). Escherichia coli was isolated from the 

majority of cases (49 / 87.5 %), followed by Clostridium perfringens (39 / 69.6 %), 

Clostridium bifermentans (1), and Salmonella enterica serovar Mbandaka variant 14 (1). 

In three cases, no bacterial species were isolated. Of the E. coli isolates, all were 

negative for ETEC toxin genes, though 1 was positive for F5/k88 fimbrial genes. The 

majority of cases that isolated E. coli (34 / 60.7 %) also concurrently cultured 

Clostridium perfringens. Of the C. perfringens isolates, the majority (27 / 71.1 %) were 

identified as type A, with 15 that were type A with β2 toxin genes. Eight cases were 

identified genetically as C. perfringens type D, with 3 that were genetically type D with 

β2 toxin (Appendix 4). Three of the C. perfringens isolates (performed early in the 

study), were not typed. Rotavirus A was identified in the three cases with no bacterial 

isolates, as well as in the case with the F5/k88 isolate.  

3.5.3.2 Diarrhea: results of viral PCR 

Twenty-one of 56 (37.5 %) cases were positive on PCR analysis for rotavirus A 

and 1 was concurrently positive for coronavirus. No cases were positive for rotavirus B 

(Appendix 4). The majority of the cases positive for rotavirus A were also positive for C. 

perfringens (12), and 10/12 also cultured E. coli. Of these 12 cases, 3 were genetically 

type D and 1 was type D with the beta2 toxin gene. Five of the remaining cases were 

genetically type A (3 of which had the beta2 toxin gene) and 3 were not typed. Of the 
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virus positive cases that failed to culture C. perfringens (10 cases), 3 did not culture any 

bacteria, 1 cultured C. bifermentans and the remaining 6 cultured E. coli. 

3.5.3.3 Diarrhea: results of parasite testing 

Of the 56 samples submitted for parasitology (sucrose wet mount), 10 (17.9 %) 

were positive for coccidia oocysts (Eimeria spp.) and 8 (14.3 %) were positive for 

cryptosporidium oocysts (species not specified). Of the 10 cases positive for coccidia, 3 

were concurrently positive for rotavirus A, 8 cultured C. perfringens (4 type D, 1 type A, 

2 type A with the beta2 toxin gene, and 1 not typed). Of the 7 coccidia positives that 

cultured C. perfringens, 6 concurrently cultured E.coli. Of the 2 coccidia cases that 

failed to culture C. perfringens, 1 cultured E. coli and 1 was culture negative. 

3.5.3.4 Diarrhea: histopathology 

Of the 56 cases to receive ancillary testing, 48 (85.7 %) were examined 

histologically (Appendix 4). Interpretation was hampered by autolysis and freeze thaw 

artefact. Where lesions were observed (12 cases), only a small number of poorly 

preserved neutrophils were observed in the lamina propria of either the ileum or the 

spiral colon, and rarely (1 case) was fibrin observed overlying the mucosa. No coccidia 

or cryptosporidia were observed in any of these histological sections. 

3.5.4 Ancillary diagnostic testing for septicemia  

Of the 819 kids received from the 27 goat dairies of various sizes from across 

Ontario, liver and lung from 57 cases with a primary cause of death diagnosed as 
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septicemia, were submitted for ancillary diagnostic testing (see section 2.4-Actual tests 

performed and Appendix 4). Of the 27 farms participating in the kid mortality study, 23 

had at least a minimum of one kid diagnosed with septicemia (herd-level prevalence 

17.3 %). The 57 cases from the 23 farms had lung and liver submitted for bacterial 

culture. Of these farms, an average of 2.0 cases were tested per farm (1 case = 9 

farms, 2 cases = 5 farms, 3 cases = 5 farm, 4 cases = 2 farms, 5 cases = 1 farm and 6 

cases 1 farm). Four farms (out of the 27 farms overall) had no cases of septicemia 

identified as the primary cause of death. Tissue from cases from each of the 23 farms 

was examined histologically. 

3.5.4.1  Septicemia: results of bacterial culture 

Out of 57 submissions, 24 (42.1 %) cases did not culture any bacteria from either 

the lung or the liver. Of the remaining 33 (57.9 %) cases, various bacterial species were 

cultured from the lung tissue. The 4 most prevalent bacteria isolated from the lung were: 

Escherichia coli (25 %), Bibersteinia trehalosi and Staphylococcus aureus (both 9 %) 

and Enterococcus faecium (7 %). Each of Mannheimia haemolytica, Lactobacillus 

curvatus, Staphlococcus lentus, and Streptococcus gallolyticus were cultured in 5 % of 

cases. A variety of species were cultured in <4 % of cases (see Appendix 4). 

From the liver submitted, the 5 most prevalent bacteria isolated were: 

Escherichia coli (21 %), Staphylococcus aureus and Enterococcus faecium (both 12 %), 

Trueperella pyogenes (9 %), and Staphylococcus equorum (7 %). The remaining 

species cultured in low amounts (<5 %) sporadically from the submitted samples. 
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Of the cases to culture E. coli, 8 cultured the bacteria from both the lung and liver 

tissue submitted. Of the cases to culture E. faecium, 3 cultured from both the lung and 

liver. Only 1 case had S. aureus cultured from both the lung and liver. The remainder of 

the cases had bacterial species reported from either lung or liver submitted. 

3.5.4.2 Septicemia: histopathology 

Of the 57 cases, 41 were examined histologically (Appendix 4). Interpretation 

was hampered in all cases by autolysis and freeze thaw artefact. Lesions were 

observed in the liver (6 cases), where rare foci of degenerating neutrophils or small 

areas of necrosis within the parenchyma were seen. Of the lungs examined, 33 had 

histological changes. Of these, 18 cases had histological lesions consistent with sepsis 

(interstitial reaction of sepsis or embolic foci of necrosis/abscess formation). 

Suppurative bronchopneumonia was identified in 9 of the cases and 6 cases had 

histological evidence of aspiration of amniotic fluid. No lesions were observed in 5 

cases. 

Of the cases to culture E. coli from both liver and lung, all 8 were examined 

histologically. Of these, 5 had histological lesions of sepsis, 2 had aspiration of amniotic 

fluid and 1 had no histological lesions. 

4 Discussion 

Dairy goat production in Ontario has increased each year with great potential for 

further growth. However, there is a marked lack of dairy goat specific disease study 
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world-wide and specifically in Ontario. This study provides information about the causes 

of death of dairy goat kids from across Ontario. It provides valuable information for 

producers, clinical/herd veterinarians, and pathologists to determine a cause of death 

on farms. The selection of cases was done in a way to minimize selection bias and 

provide proportional representation of the type/size of dairy goat farms seen in Ontario. 

An inherent bias may exist as the farms that responded may be more willing to be 

involved in a study, or owners perceived kid mortality to be a problem on their farm.  

This study also appears to be unique, as it determines the primary cause of death 

(PCOD) and in many cases secondary cause of death (SCOD) of dairy goat kids reared 

on large dairy goat farms. It is also the largest study to date that investigated causes of 

kid mortality on a large number of dairy goat farms (n = 27), using information from 819 

postmortems performed by a veterinary pathologist in a diagnostic laboratory setting. 

The information derived from it will greatly benefit the Ontario industry, as well as dairy 

goat industries with similar management systems, and will identify further areas of study 

to help support further growth of this industry.   

In the other studies where kid mortality was mentioned, the number of kids reported 

as involved in the study varied greatly, ranging from 6-2018 kids. However, the majority 

of these studies, including the largest ones, only reported the number of kids to 

die17,19,21,66,69,75–77, or were farmer surveys of the perceived cause of death24,25,74 and did 

not involve a postmortem to determine the cause of death. A total of six studies 

investigated primary cause of death (PCOD) in kids (dairy, meat or mixed purpose), 

determined either by gross postmortem2,23,71,72, or as determined by a mixture of 
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postmortem findings, combined with clinical signs or ancillary testing antemortem13, or 

with a combination of postmortem examination and  limited ancillary testing that 

included histology22.  Of these, only one study (of 74 kids) included postmortems on all 

kids that died, as well as some ancillary testing to determine the cause of death22. Lamb 

studies are also available for comparison. The majority performed similar investigations 

into causes of death as determined by gross postmortem examination, combined with a 

variable degree of ancillary diagnostic testing29,31,54,57,59,32–36,48,50,51. However, these 

studies examined the PCODs of extensively raised lambs primarily in Australia and New 

Zealand29,30,51,54,59,31–36,48,50. Although these were small ruminant studies, the farming 

system involved (extensive systems in all but 1 study) is very different to those in 

Ontario.  

In general, the causes of death for any individual can be infectious or non-

infectious. In our study, the majority of the PCODs were infections, with three of our four 

main PCODs being infectious; pneumonia, diarrhea/enteritis, and septicemia. This 

higher frequency of infectious deaths is largely in line with the published studies in other 

countries, wherein infections were diagnosed as important causes of death in kid 

populations. However, the underlying causes in these studies, if reported, often differ 

from what was observed in our study2,21,73–75,77,22–26,68,69,71. A major limitation to many of 

those studies is a focus on smaller populations of animals (only sampling a few, if any, 

individuals in a herd), or on the prevalence of one single specific cause of death (i.e. 

investigating and reporting on the seroprevalence of only one particular disease). Either 

of these limitations may result in excluding reports of non-infectious causes. 
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In this project, ancillary diagnostic testing was done on a selection of cases to 

attempt to identify the infectious agents responsible for the lesions observed. One-

hundred and eighty-one (or 22.1 %) of all kids in this study received ancillary diagnostic 

testing (microbiological and histopathological). The case selection process provided a 

representative cross section of the most common PCODs seen. In comparison, most of 

the published studies lacked ancillary diagnostic testing. Though these studies 

postulated many likely infectious diseases, the microbes causing the reported lesions 

were not identified2,18,75,77,21,24,25,68,71–74.  

This research demonstrates that techniques published to determine the cause of 

death in lambs are applicable to goat kids30,48,49,51,54,63. The majority of cases (806/819, 

98.4 %) had gross lesions that explained the PCOD. This rate of PCOD diagnosis is 

higher than studies currently published on kid and lamb mortality. The majority of 

studies that investigated kid mortality either did not report the cause of death, or only 

reported the presumed cause and was not confirmed by diagnostic evidence. Many 

studies included causes as reported by the owner2,21,77,23,25,68,69,71–73,75.  In only a few 

studies where PCODs were reported, did the investigation also include estimates of the 

open / unknown / indeterminate causes of death20,22,26,71,72,77. Two of these studies were 

surveys of producers, where 26 %26 to 91 %70 of deaths were described as unknown or 

indeterminate26,70. Three studies included postmortem diagnoses: one study reported 

only 2 of the 98 animals (2.0 %) with an unknown cause of death22, a second reported 

the PCOD for 5 out of the 65 kids (7.7 %) as unknown77, and a third reported 2 out of 11 

(18.2 %) examined kids as having an unknown cause of death72. In studies of lamb 
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mortality, the failure to diagnose a cause of death ranged from 6.3 %30,35 to 16 %57, if 

reported at all. This frequency of unknown diagnoses is at minimum similar to, or most 

often greater than found in this study.  

Secondary cause of death (SCOD) was also investigated in this study. The SCOD 

is defined as a second and less severe lesion that was still capable of causing death or 

severe debility (and may have a negative impact on overall kid fitness to survive). In 264 

cases, each of the top four most common causes of death (pneumonia, diarrhea, 

septicemia, starvation) had a secondary diagnosis of one of the other top four PCODs. 

Only two of the published studies on kid mortality and one large study on lamb mortality 

noted the presence of concurrent disease processes at the time of death23,30,68,71. Of 

these, none identified any specific SCODs, and only noted that concurrent disease may 

be present or have an impact on kid mortality. Of those, one study that reported debility, 

following a prior coccidial infection, may have increased susceptibility to developing 

pneumonia68. The other noted that deaths may have more than one underlying cause 

and it was difficult for their study to determine which may be the primary one without a 

standard approach and ancillary diagnostics23.  The most common secondary diagnosis 

here was pneumonia, followed by septicemia, starvation, and diarrhea/enteritis 

(Appendix 5). No distinct repeatable pattern of PCOD with SCOD was observed. 

However, the most common PCODs reported (pneumonia, diarrhea/enteritis, 

septicemia or starvation) also tended to be the most common SCODs reported. For 

instance, kids with a PCOD of pneumonia had diarrhea/enteritis, septicemia or 

starvation as a SCOD in no particular frequency. For kids with PCOD of diarrhea, 
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similar SCODs were observed (septicemia, starvation or pneumonia). This pattern held 

for the less common PCODs, such as disbudding injury and mesenteric torsion. Those 

less common PCODs with a SCOD diagnosed tended to have a concurrent disease 

process from one of the four most common PCODs. Therefore, while no particular 

pattern of combined PCOD with SCOD was observed, the presence of a SCOD may 

contribute to an increased risk of mortality. By debilitating the kid, a concurrent disease 

process may make a kid more likely to succumb to their primary disease process.  

4.1 Development of a postmortem protocol for use on farm 

During an initial part of this study, a protocol for performing postmortem 

examinations (section 2.2 Postmortem technique) was created, modelled after a 

scheme developed for lambs48. It was subsequently fine-tuned to identify additional 

significant lesions. The protocol was then used over the full term of the study to ensure 

that each postmortem was performed in a consistent way and that each system (such 

as respiratory, gastrointestinal, musculoskeletal) was examined for every animal 

submitted. One goal of this study was to create an annotated protocol that veterinarians 

could use to perform their own postmortems on farm. Photographs were taken during 

the postmortem examinations to highlight each step of the process. These were then 

combined into a step by step pictorial guide (see Appendix 1). A standardized and 

consistent postmortem process allowed determination of the primary cause of death in 

the majority of circumstances. This technique also highlighted the individual organs or 

tissues that could be selected for further ancillary diagnostic testing if required. 
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4.2 Mortality rate 

This study determined the mortality rate in kids in Ontario dairy goat farms. 

Producers considered kid mortality to be an important limit to production, yet there was 

no data available on mortality rate. A review of pre-weaning lamb mortality found a 

mortality rate ranging from 10-30 % in Canada overall370–372 and an average mortality of 

15.4 % out of 4,148 Ontario lambs that were part of the Sheep Flock Improvement 

Program-GenOvis369. Sheep production in Ontario is mainly for meat production where 

lambs are raised by their dams, whereas goat production is mainly for dairy products 

and kids are routinely removed at birth, and reared on artificial milk systems. Such 

different management practices make direct comparison with sheep production 

problematic. 

For the kids received from the 27 Ontario dairy goat farms as part of the 

postmortem portion of this study, there was an overall study mortality rate of 9.0 % (95 

% confidence interval 8.4-9.6), with individual farm mortality rates varying from 1.1-29.4 

%. This marked variation in mortality rate at a farm level suggests that kid mortality was 

important on many farms. Fourteen of the 27 farms had a mortality rate below the 

overall rate (see Table 2, Section 3.2 Mortality rates for Ontario dairy goat kids), and 21 

had a mortality rate below the lamb mortality rate369. Kid mortality was not as high on 

many farms as thought to be the case, and was in line with the producer reported 

mortality rate of <10 % from a previous survey performed in Ontario11. The wide 

variation in mortality rate between farms suggests producer practices (i.e. possible 
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colostrum use, feeding systems, housing) and farm management strategies have a 

marked impact on those farms with higher than average kid mortality. As such, farm 

level variables would require further study, since specific practices or management 

styles may be more beneficial in limiting kid mortality. 

The largest group of kids received in this postmortem study were from the pre-

weaning age group. The reason for a greater death rate in kids of this age is not known. 

Immunity status may be important as kids in this age group would see waning passive 

immunity56,72,178 and this, combined with on farm practices such as organizing kid 

groups, milk management, and managing the transition to solid feeds, may all have an 

impact on the mortality rate in this age group.  

In summary, an attempt was made through the selection of farms of varying sizes 

(as described in section 2. Materials and Methods), to be representative of all dairy goat 

farms in Ontario, so these results could be extrapolated to the industry as a whole. This 

suggests that in Ontario, the mortality rate of dairy goat kids is approximately 9 % and 

the majority of deaths would be in the PWK age group. 

4.3 Defining age groups 

There is no standard definition for age groups after birth in animals, unlike that 

published for humans373,374. All kids in this study had recorded dates of birth and dates 

of death, allowing an accurate age to be calculated. Any kid without a recorded date of 

birth was excluded from the study (16 kids were excluded; Section 3.1 Kid population 
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demographics). The age groups used in this study (perinatal, neonatal, pre-weaning 

and postweaning) were based upon major life stages (birth and weaning) and on 

causes of death. While many causes of death were seen at every age, some were 

specific to an age group. This grouping assists in communication with producers, 

assists in determining a differential diagnosis, and directs advice on farm management.  

The definition of what constitutes perinatal mortality and neonatal mortality varies 

in the literature. Terms such as ‘newly born’, or ‘kid’ were used for any age of kid from 

birth, up to and including 1 year of age14,17,18,21,66. The term neonatal was used for 

animals from 0-5 days of age56, 0-14 days24 or within the first 28 days of life36,63. Similar 

variety in the use of the term perinatal was found, wherein perinatal referred to the first 

6 days of life91, before/during birth or within the first 7 days of life22,48,51, and up to the 

first 28 days of life36. Weaning varied by study and presumably the farm system studied, 

ranging from 6-7 weeks 72, 3 months 76, 4 months 20, or 5-6 months 74. As well, great 

variety was seen in the use of the term ‘kid’, including birth to 210 days 17, up to 1 

year19,21, or even 1.5 years of age 23. Some studies of mortality of kids avoided using 

age group terminology at all, relying instead on vague terms, leaving age ranges 

undefined or not recognizing any age groups at all26,54,378,66,71–73,75,375–377. 

The World Health Organization terminology for humans defines the perinatal 

period as being 154 days gestation to 7 days post birth374. Kid or lamb studies, for the 

most part, observe this definition, although there are exceptions (i.e. up to 28 days 

following birth)36. In this study, the first 7 days of life was divided into perinatal and 

neonatal, with the first 48 hours being the perinatal period when a kid adapts to the 
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world following parturition. Within this period those with signs of dystocia / birth trauma 

and the small, premature kids were seemingly more likely to die than to die by other 

causes. Once past this 48-hour period, other causes of death (often infectious ones), 

appeared in much higher numbers (i.e. septicemia, starvation etc.) compared to 

dystocia, birth trauma, and prematurity.  

The neonatal period for humans is defined as 0-28 days373 and follows the 

perinatal period, although there is overlap. In published lamb and kid studies, ‘perinatal’ 

and ‘neonatal’ were often used interchangeably36,57,72, or were applied more broadly up 

to and including the pre-weaning period24,36. This study defined the neonatal period to 

be from 49 hr to 7 days. For those kids that survived the first 48 hours following birth 

(perinatal), there was an increase in deaths due to infectious diseases or starvation. 

This period reflects the combined effects of gestation, birth and initial exposure to 

infectious agents. The neonatal period, as defined in this study, saw PCODs related to 

gestational or birth issues and so was classified differently than those mortalities that 

occurred after 7 days of age.  

For the purposes of this study, the pre-weaning period was the period between the 

NK period and when kids were weaned. The age of weaning defined as 56 days, the 

mean value for herds in this study. This age group (PWK) presented the greatest 

number of deaths from a variety of causes, reflecting their greater exposure to both 

infectious and non-infectious antecedents. 
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The upper age limit of the study was set at 4 months (120 days) as this was the 

age when all farms in the study had likely marketed all male kids. This was done in 

order to maintain the sex ratio in an attempt to avoid a bias, as after this time the data 

would imply or suggest an effect of sex on mortality due to the predominance of females 

only. However, different farms market their male kids at different times, and so it is 

recognized that the male to female ratio is likely skewed to some degree in all age 

groups. As the 4 month cut off approached, more bucks had gone to market. 

Consequently, for the submitting farms, there was a higher proportion of females left on 

farm. While in most groups a larger number of females were submitted relative to 

males, this does not necessarily mean that females died more frequently, just that they 

were submitted more often (which may be due to the proportion of sexes on farm).  

4.4 The primary causes of death 

The majority of the reported PCODs, both overall and by age group, had 

underlying infectious causes. Starvation was a major category of non-infectious cause 

of death both overall (herd prevalence of 13.7 %) and in all age groups. It occurred 

commonly in the neonatal and preweaning periods.  

The subsequent discussion is presented in descending order of frequency of 

PCOD diagnosis as determined in this study. 
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4.4.1 Respiratory disease 

Pneumonia was the most prevalent cause of death overall, in all kids involved in 

this study, across all age groups (294 cases, study-level prevalence 36 %) and was the 

most prevalent cause of death in both the preweaning (PWK-192 [39.1 %] Table 7) and 

weaned kid (K-66 [54.6 %] Table 8) age groups. Even in cases where pneumonia was 

not diagnosed as a primary cause of death, some degree of lung disease was 

observed. This was similar to what was reported in many other studies, wherein 

pneumonia was recognized as an important infectious cause of kid mortality13,21–

23,69,71,72,77,105, and was the most common cause of death in some13,21,72. Many of these 

studies had pneumonia as a presumptive cause of death, or the diagnosis was obtained 

by farmer surveys only. In this study, only 2 of the 27 farms involved in this study did not 

have pneumonia identified as a PCOD. One of these farms had only one kid submitted 

(PCOD was starvation) and the other had 3 kids submitted (2 with a PCOD of 

septicemia and 1 PCOD that was open), so the lack of pneumonia cases on these 

farms could be an anomaly (possibly due to the sampling size or a result of on farm 

management). A larger sample from each of these 2 farms is required to be certain that 

pneumonia is not as prevalent in these farms as it was in the others.   

Pneumonia as a PCOD was a common finding in this study regardless of farm 

size. This suggests some common underlying factor, independent of differing 

management systems. Underlying factors recognized in some of the goat and lamb 

studies examined13,22,23,37,69,71,72,74 included on farm management, lack of preventative 

medicine (vaccinations), stocking densities, poor ventilation, and occasionally cold, wet, 
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weather. Investigation into potential farm level factors will be pursued as part of the 

epidemiological portion of the larger project that this study is a part of.  

That respiratory disease is a common PCOD in dairy goat kids from the majority 

of farms suggests goats are either susceptible to a particular common pathogen or are 

predisposed to developing pneumonia in general. Although M. haemolytica type II was 

the most prevalent (Table 10), the next most common bacterium isolated was present in 

a relatively similar number of cases (E. coli). The majority of the cases with M. 

haemolytica type II isolated, had other bacterial species cultured concurrently; as noted 

in Section 3.5.1.1, only 2 cases had this isolated as a sole pathogen. No one particular 

pathogen was recovered from all the pneumonias examined, or in particularly high 

numbers from any of them. Thus, no single pathogen was identified as the cause of 

pneumonia in this study.  

This study is the first to systematically examine lung tissue from pneumonia 

cases diagnosed grossly to correlate causes with lesions. Bacterial infection of the lung 

was the most common cause of pneumonia. Sixty-six cases out of 68 cases of 

pneumonia had what was considered a pathogenic bacteria isolated (Table 10, 

Appendix 4 Table 13 and Appendix 5 Table 30). Only some of the published kid and 

lamb studies had bacterial culture. Of animals to die from pneumonia whether it was 

aerobic and/or anaerobic culture was not specified and M. haemolytica and P. multocida 

were the bacterial species most commonly indicated. Most often these were assumed to 

be the cause of the pneumonia71, and only in 1 kid study were these two species 

actually cultured from bronchopneumonias observed105. These findings were similar in 
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the lamb studies, wherein M. haemolytica, with or without P. multocida34,54 or 

Pasteurella spp.59 were recovered from lungs with grossly apparent lesions. However, in 

these lamb studies the lung lesions observed were never characterized beyond being 

described as consistent with “bronchopneumonia”, if characterized at all34,54. 

In this study, the patterns of pneumonia were separated based on gross 

appearance to attempt to discern if there was a relationship between gross appearance, 

histological appearance, and the pathogens present. No single pathogen was reliably or 

repeatedly found in any pattern of pneumonia, including fibrinous bronchopneumonia, 

fibrinous pleuropneumonia, and interstitial, bronchointerstitial, and embolic pneumonia 

(Figures 3-5, 7 and 11 in Section 3.5.1.3 Pneumonia: histopathology).  Multiple 

pathogens were usually recovered concurrently and only 10 (14.7 %) had a single 

agent, 8 of which (11.8 %) were one of the top 5 bacterial pathogens recovered from 

lung tissue where the PCOD was pneumonia (Table 10, Section 3.5.1.1 Pneumonia: 

results of bacterial culture, Appendix 4 Table 13, and Appendix 5 Table 30). Special 

care was taken to avoid cross contamination of samples, so that culture results should 

be representative of the microbe present in that individual. The gross and histological 

appearances of cases of pneumonia from which M. haemolytica type II was cultured 

included primarily bronchopneumonia (+/- abscesses), followed by fibrinous 

bronchopneumonia (+/- abscesses), and 1 each of fibrinous pleuropneumonia, 

interstitial pneumonia, embolic pneumonia, or no lesions at all.  

Of the only 3 cases with a pure culture of M. haemolytica type II, each had a 

different pattern of pneumonia grossly (one each of interstitial, bronchopneumonia and 
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fibrinous bronchopneumonia). In result, the significance of M. haemolytica type II 

remains uncertain. It may be a commensal of the respiratory tract, and/or an 

opportunistic pathogen. Also complicating interpretation was the presence of multiple 

bacteria with a variety of gross and histological presentations of pneumonia. There was 

no clear association between the presence of any one bacterial species and the gross 

or histological lesions observed. As such, any pneumonia (bacterial, including 

Mycoplasma species, with or without a viral component) could simply be classified as 

Caprine Respiratory Disease Syndrome (CapRDS), similar to Bovine Respiratory 

Disease Complex (BRDC), a term for acute undifferentiated respiratory disease in 

cattle379. There is one published kid study with possible bacterial causes of pneumonia 

described105. A comparison between this study and the bacterial species/prevalence 

previously reported could not be drawn because of the limited results of that study. In 

result, other than determining the presence of pneumonia on gross postmortem 

examination, further description/subdivision based on gross appearance is not 

beneficial. 

Mycoplasma species of significance (M. ovipneumoniae) were recovered from a 

proportion of the pneumonia cases to receive ancillary testing (n = 28, 41.2 %).  Of all 

pneumonia cases receiving ancillary diagnostic testing to culture a Mycoplasma 

species, M. arginini (37, 54.4 %) was cultured most often, with fewer positive results for 

M. ovipneumoniae (28 cases). In all cases, when results of ancillary testing were 

compared with the gross and histological appearance of the pneumonia noted, there 

was no identified relationship. Mycoplasma spp. were only rarely identified in any of the 
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other kid studies reviewed78,120,134,380,381, and not at all in the lamb studies. Of the 

studies involving investigation of Mycoplasma pneumonia in goats/goat kids, the 

majority were focused on reporting seroprevalence of Mycoplasma capricolum and M. 

mycoides66,381, or were reporting an outbreak of Mycoplasma disease (M. mycoides 

capri134).  

M. ovipneumoniae is recognized as capable of causing respiratory disease in 

small ruminants382, but only one study reported the lesions of Mycoplasma infection. 

That study was an experimental infection of goats less than one year old with 

Mycoplasma arginini and M. ovipneumoniae, to determine the pneumonic lesion 

observed380. This experimental study reported that the goats infected with M. arginini 

did not show any respiratory clinical signs and only mild lesions were observed (slight 

congestion/edema and increased neutrophils in alveolar septa). In the experimental 

cases (intratracheal inoculation of M. ovipneumoniae), there were few to no gross 

lesions in the lungs immediately following intratracheal inoculation. However, later in the 

experiment, in the inoculated animals, interstitial pneumonia increased in 

prominence133,383. The bronchopneumonia lesions attributed to M. ovipneumoniae 

resembled somewhat the lesions observed here, including congestion, edema, 

adhesion of the lung to the body wall at postmortem and neutrophilic 

bronchopneumonia with some expansion of the interstitium by neutrophils 

histologically380. A limitation of this comparison is that the controlled exposure study had 

Mycoplasma as the sole pathogen, and no other bacterial species were 

observed/investigated.  
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Mycoplasma bovis was identified in 1 kid in this study. M. bovis has occasionally 

been identified in goat lung tissue at postmortem, however no associated lesions were 

reported133. Isolation of this species is expected, as bovine milk is often used as a milk 

replacer in young goats. Contamination of the mouth, oropharynx and remainder of the 

respiratory tract would be expected133. In conclusion, though multiple Mycoplasma 

species were observed in this study, only M. ovipneumoniae was considered significant 

and no single gross or histological pattern was associated with the presence of this 

bacteria. 

The results of ancillary testing in this study must be interpreted with caution. 

There are many reasons for a causative bacterium to not be identified.  Previous 

antibiotic therapy or even prolonged freezing of a tissue sample complicates 

interpretation of bacterial culture, or potentially results in a lack of culture results384,385. 

Failure in this study to culture bacteria was treated as failure of growth, rather than a 

truly negative culture, as previous treatment was unknown and storage time of each 

individual varied. In order to ascribe any importance to the presence of a pathogen, 

integration of all results (postmortem, histopathology, and ancillary testing) with the 

history, is required.  

This study lacks the data to correlate clinical findings and treatment history with 

postmortem results, which means that the results of pathogen testing may not be 

representative of the underlying process or cause. The length of illness prior to death 

was also not available. Antibiotic therapy administered before death could impact the 

results of bacterial culture, as the initial pathogenic bacteria responsible for the lesion 
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may no longer be present.  This would result in a lack of agreement between the lesion 

and the presence or absence of an agent (i.e. histopathological evidence of a 

suppurative process with no bacterial or Mycoplasma species recovered)386. Secondly, 

postmortem bacterial contamination is possible, including postmortem bacterial 

overgrowth and spread/colonization of deeper tissues384,386, as a result of a prolonged 

postmortem interval. Thus, by the time of postmortem examination, the inciting microbe, 

be it viral or bacterial, may no longer be present in the tissue and thereby not detected 

by viral PCR, or cultured from the tissue submitted. A future, targeted study of the effect 

of treatment prior to death, or potentially including the treatment history of all animals 

would provide additional insights.  

Only two cases were positive for the presence of a virus (bovine parainfluenza 

virus-3), and in both cases, multiple bacterial (and Mycoplasma) species were also 

identified. This could suggest that either viruses are not an important infection in goat 

kids or the tests did not detect caprine specific viruses. Species-specific PCR for 

caprine pathogens was not available. Polymerase chain reaction for bovine viruses is 

the standard recommended viral panel for caprine respiratory disease workup at the 

Animal Health Laboratory, University of Guelph. As viruses have conserved features, or 

may infect more than one species, goats may be infected with bovine respiratory 

syncytial virus (BRSV).  The possibility of BRSV infection in goats, as well as cross 

reactivity of tests for BRSV with caprine respiratory syncytial virus (RSV) strains, is 

recognized in multiple papers387–391. Some studies found that BRSV specific antibody 

was detected in goat387,391,392 and sheep sera389, and others noted that BRSV and 
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caprine RSV are so closely related that they are likely antigenically related, or are 

potentially the same virus. Differentiating between the two infections (BRSV and caprine 

RSV) may be difficult serologically387,388,391,392. There is very little information published 

on caprine specific respiratory viruses. Whether a species specific PCR would alter the 

findings here is unknown392. Further studies comparing the results of PCR on goats, 

using primers for various species-specific viruses (i.e. BRSV vs caprine RSV), may help 

clear up this uncertainty. 

In summary, respiratory disease was the most common primary cause of death 

in dairy goat kids in the vast majority of the 27 farms examined. Our preliminary 

investigation into the possible underlying pathogens that may be responsible for 

respiratory disease in dairy goat kids did not identify any single pathogen that was 

dominant. A combination of multiple pathogens was found in many of the cases 

examined, further supporting the idea that a combination of factors may be responsible 

for CapRDS in dairy goat kids. From a producers perspective, diagnosing pneumonia, 

or CapRDS on gross postmortem examination, indicates further investigation with 

microbiological and molecular ancillary diagnostic testing is warranted. The gross 

appearance is not predictive of the pathogens involved. Further investigation into 

underlying pathogens of CapRDS and/or management factors that may be responsible 

for an increased susceptibility to disease (i.e. colostrum management) is warranted.   
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4.4.2 Diarrhea and enteritis 

Diarrhea/enteritis was the second most prevalent primary cause of death across 

all age groups (study-level prevalence 20.4 %), and was the second most prevalent 

cause of death in both the PWK and K age groups (pneumonia being the most 

prevalent). Twenty four of the 27 farms involved in this study had cases with diarrhea or 

enteritis as a PCOD; no ancillary testing was performed on cases from one farm. Three 

farms had no cases of diarrhea. Only two of the published kid studies noted diarrhea or 

enteritis as possibly of relative importance, but not the most important PCOD in their 

study populations22,23. Of these, only one reported any histological lesions (enteritis not 

otherwise specified and villus atrophy)22. No other diagnostic testing was performed, 

and the cause of the diarrhea/enteritis was unknown/not reported. In the one study that 

included histology results, the cause was considered to be rotavirus based on what was 

known to cause lesions of villus atrophy in the region under study, but the virus itself 

was not identified. 

In this study, a specific agent recognized as an infectious cause of diarrhea and 

or enteritis was identified in 34 of 56 cases sampled. Dividing the goat kids with diarrhea 

and or enteritis (intestinal hyperemia or hemorrhage with or without diarrhea) was done 

during postmortem examination, to try to correlate gross lesions with histology and 

microbe. No obvious correlation was found; those few with gross lesions other than 

diarrhea that received ancillary diagnostic testing only isolated normal intestinal 

inhabitants such as C. perfringens type A or E. coli, or isolated nothing. As well, 
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histopathological lesions were largely absent from all cases (as discussed in the 

following paragraphs and section 3.5.3.4 Diarrhea: histopathology).  

The bacteria most commonly cultured from the gastrointestinal tracts of 56 cases 

of diarrhea only and diarrhea with enteritis was E. coli (86 %) and C. perfringens (68 %). 

Only one of the E. coli cultured had the fimbrial genes for fimbriae F4/k88, but none had 

the toxin genes for enterotoxigenic E. coli (all ETEC negative). Only isolates that are 

positive for both the toxin and the fimbrial genes are called Enterotoxigenic E. coli by 

the diagnostic laboratory used in this study (Animal Health Laboratory, University of 

Guelph). The sole E. coli isolate was not considered pathogenic, as it was positive for 

the F4/K88 fimbrial genes but negative for the toxin genes, and there were no 

observable histological lesions supportive of ETEC. Overall, E. coli are presumed to be 

normal intestinal inhabitants and not the underlying cause of gastrointestinal disease.  

Clostridium perfringens, another normal inhabitant of the gastrointestinal tract, 

was frequently recovered but only 8 (21 %) were genotypically type D, which is a known 

cause of disease. All except 1 of the 8 cases that cultured C. perfringens type D had 

another pathogen (parasitic or viral) present concurrently. Of these, only 2 concurrently 

had C. perfringens type D, Rotavirus A, and the presence of Eimeria spp. In result, the 

presence of multiple pathogens means that it is uncertain if the gross lesions observed 

in these cases are due to one particular pathogen or the combination of pathogens. The 

majority of the C. perfringens (27 cases, or 71 %) were type A, which is also commonly 

cultured from the gastrointestinal tracts of healthy animals and is thereby considered a 

normal intestinal inhabitant. Beta2 toxin was isolated from multiple cases in this study, 
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most often with C. perfringens type A (CPA), however the literature on the importance of 

this toxin remains unclear. There are some reports that beta2 toxin, generally found with 

C. perfringens type A, but also recognized as being carried by C. perfringens type D, 

has been identified in cases of enteritis in multiple species88,225,226,393. The presence of 

the beta2 toxin genes does not mean that the toxin was produced in these cases. The 

molecular Koch’s postulates regarding beta2 toxin causing enteritis in goats have not 

been fulfilled and C. perfringens strains with beta2 toxin genes have also been isolated 

from healthy animals225,231,394 . In result, the significance of beta2 toxin in 

diarrhea/enteritis cases is unclear. In the absence of any significant histological lesions 

in this study, and without having identified the toxin, the presence of C. perfringens type 

A with beta2 toxin can only, at best, be considered a potential cause of disease. 

Rotavirus A was identified in 21 of 56 diarrhea cases in this study (Appendix 4, 

Table 19, Appendix 5, Table 30). Of these 21 cases, one was concurrently positive for 

another enteric virus (bovine coronavirus), 4 were concurrently infected with C. 

perfringens type D and 5 had a concurrent Eimeria spp. infection. The presence of 

concurrent infection with multiple pathogens complicates interpretation of the gross 

findings, as the relative contributions of each pathogen is impossible to determine. 

Rotavirus A was the most commonly identified virus (21 cases); it is the most commonly 

recognized viral serotype in kids with diarrhea in Canada215. Histological correlates for 

viral diarrhea (blunting of villi, villus atrophy) were not found; poor preservation of the 

intestinal samples from freezing and thawing is partially responsible. All except 2 cases 

to test positive were within the PWK and K age groups, an age where disease would not 
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be expected due to the development of immunity. Further investigation of Rotavirus A in 

older kids especially, is therefore warranted. 

Protozoal diarrhea/enteritis (cryptosporidia-10 and coccidia-8, Appendix 4, Table 

20, Appendix 5, Table 30) was less common than viral diarrhea/enteritis (n = 18, 38 %). 

In the kid and lamb studies reviewed, coccidiosis was occasionally identified as a cause 

of diarrhea resulting in death of kids13,23,71,74, but not reported as causing death in 

lambs30,31,51,54,56,59,32,33,35–37,48–50. Sucrose wet mount (a semi-quantitative test), the test 

of choice for Cryptosporidium species, was used here in all cases of diarrhea/enteritis 

submitted. On postmortem examination, only small amounts of fecal material (<5g 

required for fecal flotation) were present in the gastrointestinal tracts of the diarrheic 

kids, so this may have limited identification. All but one case of presumed 

cryptosporidial diarrhea (a NK) was in the PWK age group. Coccidial oocysts were, 

however, routinely captured on sucrose wet. Three cases had gross evidence of 

coccidiosis with one where diarrhea was a PCOD. However, no evidence of infection 

with Eimeria spp or cryptosporidial species was observed histologically in the 

diarrhea/enteritis cases in this study.  

Coccidia oocysts are often present in the feces of healthy animals. The low 

numbers of oocysts recovered in these cases questions their actual contribution to the 

development of diarrhea observed here. Correlation of these protozoa with diarrhea was 

not possible as autolysis and freeze thaw artefact meant that little to no epithelium 

remained in many of the cases. The artefactual loss of the mucosa due to autolysis 

means that subtle lesions would not be identified. Protozoal diarrhea is considered to be 
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an important clinical cause of diarrhea in kids, and is frequently treated; it is possible 

that the kids submitted had already received treatment for these parasites, or had 

generated an immune response and cleared the infection. It is also possible that the 

causal agent for these diarrhea cases was no longer present to be detected. Correlation 

with the history of disease on farm, or any treatments pursued prior to death, would be 

required to attempt to determine if treatment affected the results. 

There was significant autolysis and freeze-thaw artefact present in all cases 

assessed histologically. As a result, other than ascertaining the presence of certain 

pathogens in association with diarrhea in these kids, determining the relative 

contribution of each pathogen to the diarrhea overall was not possible. Future studies 

should be designed to allow proper investigation into the underlying causes of diarrhea 

in kids, especially in utilizing histological investigation of freshly fixed tissues of 

untreated animals to elucidate the relative impacts of each of the potential underlying 

causes here. 

4.4.3 Multisystemic disease - septicemia 

Septicemia was the third most common PCOD with a prevalence of 17.5 % in 

kids overall (Table 4). By age group, it was one of the more common PCODs for 

perinatal (PK) and neonatal (NK) age groups (second most common PCOD), and was 

also common in the older kid age groups (third most common PCOD for PWK and K 

age groups). Cases had fibrin on or petechial hemorrhages in multiple organs (brain 

included), suggesting a systemic inflammatory process. In these, as with the results of 
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bacterial culture in the pneumonia cases, a wide variety of bacterial species were 

recovered. Only 3 of the kid studies published noted septicemia as a possible cause of 

death, and of those, only low numbers were reported, either as single cases71,72, <3 % 

of cases overall 22, or were reports of the farmer’s perceived cause of death in low 

numbers, <5 % of cases13 . Of these reports, only one listed a potential bacterial 

species involved, E. coli 13. Where septicemia was recorded as a cause of death in the 

lamb studies reviewed,  E. coli was most frequently reported as a major cause of 

septicemia 34,54,57. Other bacteria, Streptococcus faecalis-1.4 % in one study54 and S. 

aureus-12 % with C. perfringens-7 %, Clostridium septicum-6 %, M. haemolytica-4 %, 

and Corynebacterium spp-4 %34, were the next most commonly reported species listed 

as a cause. 

This study improved on published kid and lamb studies by reporting more 

potential causes of septicemia in dairy goat kids in Ontario. In this study, E. coli was the 

most common cause, followed by S. aureus and E. faecium. While the most common 

bacteria to culture from the tissues submitted varied slightly between the lung and the 

liver, E. coli was the most prevalent bacterium in both. The third and fourth most 

common bacteria in the lung was S. aureus (Table 23, Appendix 4) and the second and 

third most common in the liver was E. faecium (Table 22, Appendix 4). While septicemia 

was recognized as a cause of death in some of the published kid and lamb studies 

reviewed, further ancillary testing was lacking and the bacteria responsible was often 

not identified22,71,72,74. When culture results were published, a variety of bacteria were 

identified from septicemic animals in other studies90,241,242,395,396. E. coli is most 
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commonly reported in septicemia in young ruminants43,54,56,71, and is the only bacterium 

reported in the goat kid studies13. In these reports, though not determined, failure of 

passive transfer, poor hygiene in housing and overcrowding were all raised as possible 

reasons why colibacillosis and septicemia was seen13,54,57,71.  

The most consistent histopathological change in septicemia cases was an 

interstitial reaction in the lungs (Figure 13), with hypercellularity of the interalveolar 

septa due to hypertrophy of endothelial cells, increased numbers of macrophages, and 

occasionally neutrophils. In severe cases, fibrin was present within the alveolar 

lumen103. The second most consistent change was focal necrosis and foci of neutrophils 

in the liver, indicating embolic spread of bacteria. The histological lesions correlated 

poorly with culture results, as in some cases, no bacteria were isolated from tissues with 

both gross and histological lesions. The combination of gross and histopathological 

lesions was thus considered to be more important when ascribing the cause of death in 

these cases.  
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There was variation in the species of bacteria cultured from cases of septicemia. 

Of the 20 cases, lesions were present in both the liver and the lung. In only 8 cases 

were one or more bacterial species isolated from each organ. The rest either cultured 

one bacterial species only from one tissue submitted (liver or lung), or the culture was 

negative (9 cases). In lamb studies focused on neonatal infections37, varying degrees of 

postmortem change, combined with multiple bacterial species isolated from a single 

case, made it difficult to assess the importance of the various individual microbes. 

Overgrowth of a bacterial species after death means some of the bacterial species 

isolated may be contaminants. Interpretation of the results of bacterial culture in this 

study is limited to reporting the presence of the species recovered and any causal 

relationship is tentative at best. The observed lesions are supportive of septicemia as 

the PCOD. Unknown antibiotic treatment prior to death, prolonged postmortem period 

Figure 13: Photomicrograph of a lung lesion categorized as an interstitial reaction of sepsis. 
There is hypercellularity of the interalveolar septa by increased numbers of macrophages and 
neutrophils, as well as proteinaceous fluid or strands of fibrin within alveoli. 
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and bacterial contamination, freezing and thawing of the body prior to postmortem 

examination, and time of postmortem relative to the timeline of the disease process, 

may all have an impact on results of bacterial culture. Bacteria were cultured in one 

case, where death was from trauma and no bacterial disease was suspected. In a 

second case septicemia was the PCOD but there were no histological lesions. In both of 

these cases, the traditional interpretation of bacterial contamination was applied. The 

tissues (liver and lung or lung only) cultured E. coli, Lactobacillus curvatus and 

Morganella morganii.  E. coli, and Morganella morganii are commonly found in 

mammalian gastrointestinal tracts397 and L. curvatus is commonly found in dairy 

products398. Many of the bacterial species recovered from cases of septicemia are 

commensal species (primarily in the gastrointestinal tract). Some underlying factor must 

predispose goat kids to septicemia. The predisposing factors/causes are unproved, 

however many of these kids here were removed from their dams at birth, so may have 

failure of passive transfer, rendering them susceptible to sepsis16,56,72,98,99,335. Further 

investigation of sources of bacterial contamination, such as milk replacers or milk 

feeding equipment, is warranted.  

4.4.4 Multisystemic disease - starvation 

The category “starvation” was used when there was a lack of body fat or 

metabolized body fat and an empty gastrointestinal tract. The development of a scoring 

system, assessing the perirenal and pericardial adipose tissue (Appendix 2) helped 

standardize the assessment of body condition of each case in this study, and helped to 

clearly define those cases that had a PCOD of starvation. The usual definition of 
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starvation is “a severe deficiency in caloric intake below that needed to sustain life”, or 

“to perish from lack of food”399. In contrast, emaciation is “very thin and feeble, 

especially from lack of nutrition and illness”400. The lack of other signs of illness 

supported the definition of starvation used here. Starvation is the term used for the 

same gross findings in lambs30,48.  

The number of cases defined as starvation was a surprisingly high PCOD, 

especially as these are intensively farmed dairy goats. In other studies, starvation was a 

possible COD in low numbers only (0.2 % of kid crop in the USDA survey of goat and 

kid death and loss in the United States26), or was only identified in those studies 

examining causes of kid mortality in extensive/ grazing systems2,22,25,71,74.  Starvation 

was only observed as one of the main causes in 3 studies2,22,25, and where the affected 

age groups were reported, was most common in the younger (NK) age group22 . This 

same pattern of differing rates of death due to starvation, between intensive and 

extensively farmed goats, appeared in lamb studies. Starvation was a low percentage in 

intensively farmed lambs; one report had 6 % of 270 lambs die from starvation57. In 

extensively farmed lamb systems, starvation was responsible for 12.4 % of 791 lamb 

deaths36, and exposure to extreme heat or cold was responsible for 46.4 % of 4417 

lambs 30. 

In general, starvation could be caused by a lack of food intake, a failure to 

metabolise or digest food, or excessive energy loss (such as chilling). Twenty-seven of 

the 112 kids with starvation had concurrent lung lesions, which may have contributed to 

a difficulty obtaining food. In these cases, it was the starvation that was most 
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pronounced and thereby considered the PCOD, (the lung lesions affecting < 40 % of the 

lung). A failure of adequate food intake is possible as kids are housed in groups and fed 

from a bucket or automatic feeder. Any inability to obtain food could be due to inability 

to compete or nurse for a sufficient time and could result in a lack of sufficient food 

intake. Exposure to cold, though not enough to be PCOD, could contribute to a negative 

energy balance. This could not be assessed here as no farm level data/information on 

the management of goat kids was available for this portion of the overall study.  In lamb 

studies, excessive loss of energy could be from excessive cold or typically, wet cold 

conditions increasing the metabolic demand of thermogenesis40,51,401. 

Starvation was a secondary disease process here, identified in 64 cases (24.2 % 

of the 264 animals with a diagnosed SCOD). In these cases, though there was a 

marked reduction in, or absence of fat, the other lesions present were determined to be 

severe enough to be the cause of death. This starvation could be because of anorexia 

from illness (emaciation) or could be a predisposing condition.  

Starvation in the NK age group appears to be an under recognized cause of kid 

mortality. Kids in the NK period are more susceptible to hypothermia, as they have less 

ability to thermoregulate. Brown fat is an important source of heat and energy for young 

animals in this period, as they have high metabolic rates and are not capable of 

shivering for thermogenesis402,403. Kids born with reduced fat reserves due to a lack of 

maternal intake in late gestation are particularly prone to starvation, especially if they 

are additionally unable to feed or have exposure to cold. Low birth weights are 

recognized as contributing to kid mortality in one of the kid studies reviewed23 and in 
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many published lamb studies30,36,51,356,401. In these studies it is often recognized that 

having a low birthweight was frequently linked to weaker perinates/neonates, and that 

animals with those characteristics (less than the average weight of 3.3 – 4 kg) often 

died within the first two weeks after birth23,30,36,356,401. Other than recognizing that a low 

birth weight is associated with an increased risk of death (potentially due to starvation or 

mismothering), the possible underlying cause of premature birth or low birth weights in 

dairy goats beyond inadequate nutrition of the dam or large litter size, is not reported. 

Older kids are also susceptible if they do not have adequate adipose tissue stores. Fat 

stores provide a greater buffer for periods when insufficient food intake or greater use of 

energy is possible51,356,401. Further study into the predisposing factors of starvation at a 

farm level is warranted. 

4.4.5 Coxiella burnetii and Chlamydia abortus testing 

Finding Coxiella burnetii in perinatal and neonatal kids is important from a 

production and public health point of view. Evidence of infection, as determined by PCR 

(performed on lung tissue), was found in 22 of 36 kids tested. The proportion of Coxiella 

positive kids would be even higher if late term abortion or stillborn kids were included in 

this study. The number of live born kids testing positive for Coxiella burnetii was 

surprising, as Coxiella burnetii was not mentioned in any of the kid or lamb mortality 

studies2,13,25,26,29,31,33–36,48,51,14,54,57,58,69–75,17,76–78,105,18,19,21–24. Early in this study an 

unusual lung pattern was observed in some of the ‘small weak kids’ (those <3 kg, 

frequently < 1.5 kg). These ‘small weak kids’ had a checkerboard-like or mosaic pattern 

of collapsed, dark red, atelectatic lung, of the type seen in aspiration of amniotic 
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contents.  The combination of lung lesions and small body size suggested either 

prematurity and/or fetal growth retardation, and in utero stress. Lung tissue from many 

of these kids was PCR positive for Coxiella burnetii. Largely atelectasis and aspiration 

of keratin squames were apparent histologically and no lesions of pneumonia were 

found in association with an observable infectious organism. No organisms were 

identified in the tissues examined histologically. A further search for the presence of this 

organism involved testing at least one kid per farm, that had a small size and weight, 

minimal fat stores, and that were within the neonatal age range or younger (<7 days). A 

total of 36 kids received further testing by PCR for C. burnetiid, and from this subset, 8 

(both positive and negative for C. burnetii) were submitted for PCR for Chlamydia 

abortus and none were positive. While some cases tested positive for the presence of 

C. burnetii, the cycle threshold (Ct values) was greater than 21 which is below the AHL 

cut point of Ct 40 for reporting positive cases. The copy numbers were all less than the 

AHL reports as qualifying results for PCR on tissue in an abortion case (5.0 E+07). 

These results, combined with the lack of gross or histopathological lesions, suggests 

that C. burnetii was present, but was not likely to be a primary cause of death404. 

Personal protective equipment (PPE) and biosecurity was routinely used and 

performed during this study after the initial finding of infection with C. burnetii. Finding 

the microbe indicates placental infection. The small size of kids may be from placental 

insufficiency, and aspiration of amniotic contents is ascribed to intrauterine stress. This 

organism is a common cause of abortion, and may be shed during normal kidding, 

perpetuating the presence of this bacterium in herds122,405–408. Infection with this 
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bacteria is known to result in weak born neonates406–408. The prevalence of this 

bacterium has important public health implications, as shedding of this bacterium (the 

causative agent of Q fever in people) during parturition means that human infection is 

possible406,407. Assisting in kidding is a recognized factor in human disease122,405–407,409–

412, and the use of PPE is recommended for those involved in kidding. Herd infection 

suggests contamination of milk may be occurring in these dairy goats.  

The role of C. burnetii infection in PK and NK age groups warrants further study 

to determine its overall impact on kid fitness, human health and overall production.  

4.4.6 Other CODs observed in this study 

There were many diseases that were considered sporadic and in numbers too 

low to affect overall production. Congenital abnormalities, dystocia, and trauma were 

reported in low numbers in other kid studies14,23,30,32,36,51,57,69,71, though never as the 

most common PCODs. They and several others are potential causes in any goat herd.  

This study provides a first report of important potential causes of death in Ontario 

dairy goat kids. Surprisingly, disbudding injury, mesenteric torsion, and abomasal 

disease were not reported as a possible COD in any of the other kid or lamb studies. 

Though these CODS were seen in low numbers, recognizing them as possible PCODs 

is important.  Of these factors, disbudding injury could potentially be addressed on farm 

through training of staff to avoid extensive thermal damage, or avoiding the use of 

thermal disbudding in general. 
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Some common CODs in the other kid and lamb studies were not seen in this 

study. Most were related to the extensive farming systems and include white muscle 

disease as a result of vitamin E/selenium deficient pasture, predation14,22,25,26,30,32,33,71,72, 

mismothering51,70,77, heat or cold stress17,25,30,51,75, peste de petits ruminants, and 

Ehrlichia ruminatium infection2,25,76(exotic to Canada), excess parasitism, “hepatic 

conditions”, or unknown infections that were otherwise unspecified2,13,19,22,24.  

4.5 Limitations of this study 

As the farms examined in this duty were selected to be representative of all dairy 

goat farms in Ontario, we believe that the mortality rate observed in this study could be 

extrapolated to the larger population of Ontario dairy goat farms. Due to the distances 

between farms and the times of collection, not all kids to die on every participating farm 

during this time period, were assessed as part of this study. The number of those kids 

lost to the study is not known but is believed to be relatively small, and from a low 

number of farms. As such, we recognise that the mortality rate observed on some farms 

may be artefactually lower as a result of these missed collections and this would have 

an effect on the overall mortality rate.  That said, the wide variation in mortality rate 

between farms suggests that both producer and on-farm management practices may 

have an increased impact on farms with higher than average kid mortality. These farm 

level variables were not assessed in this study and therefore, their potential impact on 

kid mortality could not be determined. This is a recommended area of further study, and 

will be addressed in the epidemiological half of this overall project. 
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The high death rate in the PWK age group was surprising and an underlying cause 

remains unknown. A possible reason for increased deaths due to infectious disease in 

this age group may be waning passive transfer, however this study did not investigate 

the status of immunity in Ontario dairy goat kids. Assessment of immunity, including 

colostrum/milk management, potential success or failure of passive transfer, birth 

weight association with death and practices managing the transition to solid feeds, was 

not examined in this portion of the overall study and warrants further investigation. 

Another area that was not fully investigated in this study was the relationship of 

sex to kid mortality. The upper age cut off of 4 months was selected, as it was the age 

by which all farms no longer had any male kids. The age when males were removed 

varied from farm to farm. In result, the sex ratio observed in this study reflects the 

economic use of the animal (dairy goats). Most producers bred their own replacements 

which by necessity means more females than males were present for the duration of the 

study. This increased proportion of females relative to males for the duration of the 

study explains why female mortality was greater than male mortality, especially in the 

older age groups (PWK and K). As this portion of the overall study did not examine any 

of the on-farm management practices, or how groups were managed (i.e. were males 

kept separate from female kids), their differences in management is unknown. There 

may be additional unknown sex-based factors impacting kid mortality. Investigation of 

on farm management practices and their relationship to mortality warrants further study. 

That said, we recognise that this skewed distribution of females relative to males mirrors 
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the industry as a whole and the results should still be representative of dairy goat farms 

in Ontario. 

While SCODs were identified in this study (primarily based on gross diagnosis), 

whether or not there is a common pathogen responsible for the concurrent disease 

processes (i.e. diarrhea and sepsis) remains unknown. While a small number of cases 

with SCODs received ancillary diagnostic testing (Tables 31-33), the selection of cases 

for ancillary diagnostic testing was focused on the PCOD and no attempt to 

proportionally represent SCODs for ancillary testing was made. As well, the cases with 

SCODs that received ancillary testing, were tested based on the PCOD (i.e. a 

pneumonia case with a SCOD of septicemia cultured lung only). Therefore, the results 

of the ancillary testing in these cases do not definitively represent the secondary 

process. Further and more extensive diagnostic testing would be required to determine 

if these processes are truly linked or if they are two distinct but concurrent disease 

processes. 

Another limitation of this study is that the results of ancillary diagnostic testing 

need to be interpreted with caution. For this study, no on farm treatment information 

was available and the management of the bodies in the postmortem period varied from 

farm to farm, and from season to season. Both previous antibiotic therapy and 

prolonged freezing of a body may affect the results of bacterial culture. As such, while 

allowing for the identification of certain agents/pathogens in association with disease, 

causality was not definitive. Further targeted study on the effects of treatment prior to 
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death, the relationship of management factors to the presence of disease, and presence 

of microbes in healthy populations are all areas of recommended future study. 

With respect to the ancillary tests used, species specific PCR for caprine pathogens 

were not available. All ancillary diagnostic tests utilized in this study were recommended 

for disease investigation in caprine species and were validated and performed by an 

accredited diagnostic laboratory (Animal Health Laboratory, University of Guelph, 

AAVLD full accreditation, all species and Standards Council of Canada to ISO/IEC 

17025). The viruses investigated (BRSV, BPIV-3, BoHV-1, rotavirus A, B and 

coronavirus), though bovine, have been identified in, and the tests validated for, caprine 

species. In the case of BRSV, cross reactivity of the test with caprine RSV is also 

recognized.  Rotavirus C was not tested for in this study, as the PCR test available was 

not validated for use in small ruminants and was not included or recommended by the 

AHL. Neither is it recommended to field veterinarians for the work up of 

diarrhea/enteritis in Ontario. One potential limitation of this study is that species specific 

PCR for caprine viruses (caprine RSV in particular) was not possible. Though no 

histological lesions supportive of viral infection were observed in either lung or intestinal 

tissues examined, it remains possible that caprine specific respiratory viruses were 

missed by molecular testing in this study. Future studies utilizing caprine virus specific 

primers may be warranted. 

Another limitation of the study is the lack of genotyping/testing for toxin presence 

of the bacteria observed in the diarrhea cases. Genotyping suggests that the associated 

toxin may be expressed, but it is the presence of the toxin itself that is considered 
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diagnostic162,231. While some of the C. perfringens were type D genetically, the presence 

of the toxin itself in the tissue (the cause of disease) was not confirmed. In result, while 

bacterial culture for C. perfringens with type D genes were suggestive of 

enterotoxaemia, presence of the toxin itself would be required for definitive diagnosis. 

Further complicating the investigation of diarrhea/enteritis in goat kids was the poor 

preservation of the intestine examined. Due to the significant autolysis and freeze-thaw 

artefact, subtle lesions could not be identified. Future studies would benefit from 

investigation of the underlying causes of diarrhea in kids, using histological investigation 

of freshly fixed tissues to determine the relative impacts of each of the potential 

underlying causes identified in this study. 

4.6 Recommendations for future studies 

This study provided an overview of the mortality rate and the causes of mortality in 

dairy goat kids in Ontario. As an initial study, this project successfully provided an 

estimated mortality rate for 27 farms of various sizes that were selected to represent 

Ontario dairy goat farms. This study also identified causes of mortality for goat kids in 

four important age groups (PK, NK, PWK, K) of kids less than 4 months of age. While 

successful at providing an overview of causes of mortality in goat kids in Ontario, 

lessons learned from this study will benefit future studies.  

An overview of pathogens that may potentially cause death of dairy goat kids were 

also provided through this research, and the majority of the PCODs in this study were 

infectious. Testing coverage would have benefited statistically from collecting samples 
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from all kids. Distances and associated logistics meant our cases were frozen prior to 

postmortem. A future study may benefit from the postmortem of freshly dead kids, to 

better target specific diseases whose pathogenesis are more easily/accurately 

assessed and identified in fresh tissues (i.e. gastrointestinal disease and 

histopathological assessment or bacterial culture of tissue).  

As this research provides a general overview of mortality in a large number of kids, 

a more focused examination on the major causes of mortality could subsequently be 

done. In particular, as the overall most prevalent cause of death in this study, 

respiratory disease and the nature of its presence in each age group, is an obvious area 

for further study. Management factors responsible for the development of respiratory 

disease (CapRDS) in kids could be identified and changed to lessen the impact on kid 

mortality. 

Future investigations into why infectious diseases causing death are so prevalent 

in dairy goat kids is warranted. Many of these diseases/disease patterns were repeated 

across farms, suggesting common underlying causes predisposing development of 

disease. As these kids were all raised in intensive dairy goat systems, success or failure 

of passive transfer may impact disease prevalence, as it is recognized to do in many 

other species 16,56,72,98,99,335. Since many dairy goat farms use bovine-sourced colostrum 

replacement product, one unknown factor in this study is the prevalent use and 

effectiveness of this product, and its association with the prevalence of specific 

diseases. Measuring immunoglobulin levels shortly after birth and then after 

administration of colostrum may determine the relative success of passive transfer for a 
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variety of colostrum products. Treatment groups could include those receiving fresh 

colostrum from the dam and each of the various products used as replacer colostrum 

products for goats, all of which warrant targeted investigation. Timing of its 

administration and amounts administered are possible control factors to consider. 

Comparing the immunoglobulin levels for living and dead kids may also help identify the 

relative importance of passive transfer in the development of disease in goat kids. 

Differences in management practice may also play a role and could be 

investigated further. As infectious disease was an important cause of mortality, 

comparison of disease rates across different feed and watering systems, different 

housing/ventilation, or living environments (e.g. assessing the environmental burden of 

different pathogens such as litter contamination with bacteria or parasites) may be 

warranted. The comparison of disease rates and the underlying pathogens present in 

disease across different systems or management practices may help identify the 

relative contribution of systems of management to the development of disease.  

This study demonstrates that some infectious agents seen in other ruminants 

(calves and lambs) are seen in goat kids in Ontario, but there are significant differences 

in prevalence of those diseases. The applicability of this research to the dairy goat 

industries in other geographic locations is uncertain and would require further study.  

This study lays the groundwork for future study into causes of dairy goat mortality and 

highlights those areas.  In particular, farm to farm comparisons would help determine 

the underlying factors operating in disease and identify those management strategies 

that could result in reduced mortality in Ontario dairy goat kids.  
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4.7 Summary 

The hypotheses and objectives for this study were largely addressed. Published 

lamb postmortem techniques were modified and applied to determine the cause of 

death in dairy goat kids. This study found that the majority of deaths occurred in the pre-

weaning period, and the most common PCODs were infectious, especially pneumonia, 

diarrhea, and septicemia. Breed did not appear to have an impact on kid success, 

however the population was largely comprised of only 2 breeds, so this may not be 

representative. Unfortunately, due to incomplete record keeping on farm, an 

assessment of the relationship of birth weight and death weight to kid survival could not 

be drawn. Further studies comparing kid-level risk factors including birth weights, 

management practices, and colostrum administration would further identify on farm 

variables that may impact kid mortality. 

While specific diseases such as pneumonia, diarrhea/enteritis, and septicemia 

were identified as common PCODs, the underlying causes of these diseases would 

benefit from future study. While pathogens were identified, the specifics of causality is 

not definitive. Further experimental studies may help determine the relationship 

between the pathogen and the disease process observed. As well, many of the bacterial 

species recovered in this study were recognized commensal species. Further study of 

both healthy and diseased populations of dairy goat kids may further illuminate the 

relationship between potential pathogens and disease. 
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This study has helped to identify the most common PCODs observed in dairy goat 

kids in Ontario by using a postmortem protocol that could easily be performed by clinical 

veterinarians on farm. Through use of this protocol, the success rate in determining the 

cause of death on gross postmortem by using this protocol was high, with the PCOD 

determined in 98.4 % of kids examined. Continued use of this protocol by clinical 

veterinarians would improve both the accuracy and the diagnostic success rate of on 

farm postmortem examinations. Comparing results of these postmortems to the farm 

practices used, could possibly lead to a better understanding of farm management 

factors that could be implicated in kid mortality.  
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APPENDICES  
Appendix 1: Pictorial guide to dairy goat kid necropsy examination 

 

 

 

 

  

   

Figure 14: Start with the kid 
lying on its left side (left 
lateral recumbency). 

Figure 15: The first cut is 
made along the underside of 
the body under the right 
forelimb into the axilla. 
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Figure 16: The incision is 
extended up towards the 
chin, along the midline of the 
underside of the neck. 

Figure 17: A cut is made into 
the right hip, to allow the leg 
to lie open and flat. This helps 
with visualization of the body. 



 

 

216 

 

 
 
 

 

 

 

 

 
 
 
 

 
 
 

 
 
 
 
 
 

 
 
 
 
 

Figure 18: The skin incision 
under the forelimb is 
continued towards the hip, 
along the midline of the 
underside of the body. 

Figure 19: At this point the 
skin is reflected back, to 
allow visualization of the 
muscles of the chest and 
abdomen. 
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Figure 20: The muscles of 
the back are now visible. A 
cut can be made, into the 
muscle (point of knife) to 
look for changes in colour 
(white) or texture (firm/dry) 
that may suggest white 
muscle disease. 

Figure 21: The abdomen is 
opened by a cut through the 
abdominal along the back of 
the ribs and continued 
upwards towards the back. 
This creates a flap of the 
body wall. The abdominal 
organs are now visible. 
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Figure 22: A cut is made into 
the umbilicus to check for the 
presence of an abscess. 

Figure 23: The diaphragm is 
cut, observing for negative 
pressure, and the incision is 
then extended cranially along 
the side of the sternum to 
open the chest. 
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Figure 24: The chest wall is 
gripped from the cut edge 
and pressed upwards to 
dislocate or crack the ribs 
so that the thorax body wall 
can lie flat and open. The 
lungs and heart are now 
visible. 

Figure 25: Check the inside 
of the ribs to look for any 
fractures. At the knife point 
is a boney callus indicating 
the presence of a now 
healed rib fracture. 
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Figure 26: Before 
continuing, check the joints 
spaces for any 
exudate/inflammation by 
cutting into the space 
between the bones of the 
knee. 

Figure 27: A healthy joint 
should be smooth, with a 
small amount of joint fluid. 
The joint surfaces should be 
bluish white and glistening. 
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Figure 29: To start 
removing the lung and the 
heart (the pluck), cut in the 
space where the sides of 
the lower jaw meet. 

Figure 28: It is a good idea 
to check more than one 
joint. The stifle joints are 
another good place to look. 
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Figure 30: This cut will allow you 
to split the jaw open and see the 
edges of the tongue where they 
meet the bone of the jaw. 

Figure 31: Cut alongside the 
edges of the tongue where it 
meets the bone of the jaw in order 
to start removing the pluck. 
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Figure 32: continue to 
remove the pluck by flexing 
the tongue (with trachea and 
esophagus attached) away 
from the body and cutting 
away the attachments to the 
rest of the body. 

Figure 33: Continue pulling 
the tongue with trachea and 
esophagus downwards. Cut 
through the vessels 
attaching the heart to the 
body wall. 
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Figure 34: Examine the heart 
to assess the presence of fat 
around the heart. For a 
pictorial guide on how to 
score the amount of fat 
present see Appendix 2. 

Figure 35: The pluck is now 
removed and both sides of 
the lungs can be assessed. 
Make several parallel cuts 
into the lung tissue to look 
for changes in colour or the 
presence of abscesses. 
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Figure 36: With the pluck 
removed, start the dissection 
of the heart by cutting off the 
bottom third of the heart. 

Figure 37: Examine the 
removed apex of the heart. 
Look at the wall thickness 
(should be approximately 2-
3:1 from left to right free wall). 
The interventricular septum 
should be intact.  
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Figure 38: Returning to the 
abdomen, press the liver and 
intestines downward to assess 
the kidneys. The presence of 
fat around the kidney can be 
scored as it was in the heart 
(see Appendix 2). Following 
this, in order to remove the 
intestines, cut the attachments 
of the intestines, stomach and 
liver to the middle of the body. 

Figure 39: With the organs 
removed from the abdominal 
cavity, the internal remnants 
of the umbilicus and the right 
kidney can be assessed. 
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Figure 40: The remnants of 
the umbilicus (umbilical 
arteries) should be smooth 
with no obvious swellings. If a 
lump is present, it may be a 
sign of infection or an 
abscess. 

Figure 41: With the stomach, 
liver, spleen and intestines 
removed, they can be 
assessed for any 
abnormalities. The spleen 
(not visible in this picture as 
it is on the left side of the 
stomachs), and the liver may 
be removed for assessment. 
The stomachs should be 
opened to check for the 
presence of milk or food. The 
intestines may also be 
opened to check for the 
presence of digested food 
and the consistency of the 
content (soft in the small 
intestines and fecal balls in 
the large intestine 
approaching the anus). 
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Figure 42: With the abdominal 
organs removed, the liver can 
be examined. As with the 
lungs, make multiple parallel 
cuts into the tissue to look for 
any evidence of infection. The 
same may be done with the 
spleen. 

Figure 43: The liver, spleen 
and pluck (from left to right) 
removed for assessment and 
tissue sampling if required. 
Samples taken for histology 
should include the margins 
of the lesion and the 
surrounding normal tissue. 
Pieces should be no thicker 
than 1cm cubed and the 
formalin ratio of the 
submitted tissue 10:1. 
Samples taken for 
bacteriology may be larger 
but should be placed into a 
sealed submission bag and 
submitted chilled or frozen if 
there will be a delay in 
testing. 
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Figure 44: Final steps involve 
assessment of the brain. The 
head may be removed by 
cutting between the first 
vertebra and the base of the 
skull (arrow). 

Figure 45: To access the brain, 
the skull may be chipped away 
from the back. For this study, the 
heads of kids without any 
evidence of disbudding were 
sawn in half lengthwise using a 
bandsaw. Once sectioned, the 
brain would be removed and 
assessed for any exudates or 
areas of discoloration. 
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Appendix 2: Pictorial guide to perirenal and pericardial adipose stores and scoring 

 

 

  

 

  

  

 

 

  

   

 

 

 

 

Figure 17: Visible perirenal adipose tissue 
covering >15 <50 % of the capsular surface 
(score 2). 

Figure 46: No visible perirenal adipose 
stores (score 0). 

Figure 48: Visible perirenal adipose tissue 
covering >15 %, <50 % of the capsular 
surface (score 2). 

Figure 49: Perirenal adipose tissue covering 
50 % or > of the capsular surface (score 3). 

Figure 47: A small amount of partially 
metabolized adipose tissue, covering <15 % 
of the capsular surface (score 1). 
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Figure 19: No visible pericardial adipose 
tissue (pericardium is stained red with 
blood) (score 0). 

Figure 20: A small amount (<15 % of the 
pericardial surface) of pericardial 
adipose tissue is visible. Little to no 
adipose tissue is visible in the coronary 
sulcus (arrow) (score 1). 

Figure 21: Adipose tissue is visible 
covering >15 and <50 % of the 
pericardial surface. Some adipose 
tissue is visible in the coronary sulcus 
(arrow) (score 2). 

Figure 50: No visible pericardial adipose 
tissue (pericardium is stained red with 
blood) (score 0). 

Figure 51: A small amount (<15 % of the 
pericardial surface) of pericardial 
adipose tissue is visible. Little to no 
adipose tissue is visible in the coronary 
sulcus (arrow) (score 1). 

Figure 52: Adipose tissue is visible 
covering >15 and <50 % of the 
pericardial surface. Some adipose 
tissue is visible in the coronary sulcus 
(arrow) (score 2). 

Figure 53: Adipose tissue is present 
covering 50 % or > of the pericardial 
surface. Adipose tissue is visible in the 
coronary sulcus (arrow), (score 3). 
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Appendix 3: Example of the data collection sheet used during postmortem examination. 

Kid Data 
(number/breed) 
 
 

         

Horn/disbud 
 

         

eponychia 
 

         

umbilicus 
 

         

Diarrhea stain 
/grade 
/dehydration 

 
 

        

Lymphatic fill/ fed 
(what) 

         

Adipose tissue 
 

         

Trauma 
 

         

Pneumonia 
 

         

Pneum: 
distribution% 
 

         

          
Notes           

COD 
 

 
 
 
 

        

Testing 
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Appendix 4: Results of ancillary diagnostic testing 

Table 11: The number of cases with pneumonia diagnosed as the primary cause of death from 27 
Ontario dairy goat farms over a 12-month period that received ancillary diagnostic testing 
(bacterial culture, mycoplasma culture and viral PCR) as listed by farm. 

Farm ID (N = 27) Number of animals 
tested 

ON01 3 

ON02 2 

ON10 3 

ON11 6 

ON12 3 

ON13 3 

ON14 2 

ON15 1 

ON16 2 

ON19 4 

ON22 0 

ON23 1 

ON31 4 

ON38 2 
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Farm ID (N = 27) Number of animals 
tested 

ON40 4 

ON46 1 

ON56 0 

ON78 1 

ON82 4 

ON95 2 

ON96 2 

ON98 3 

ON100 4 

ON101 1 

ON102 1 

ON103 6 

ON104 3 

Total Cases 67 
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Table 12: The number of cases with pneumonia diagnosed as the primary cause of death from 27 
Ontario dairy goat farms over a 12-month period that received histopathological evaluation, listed 
by farm. 

Farm ID (N = 27) Number of animals 
tested 

ON01 1 

ON02 1 

ON10 2 

ON11 6 

ON12 1 

ON13 3 

ON14 2 

ON15 1 

ON16 2 

ON19 2 

ON22 0 

ON23 1 

ON31 3 

ON38 1 
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Farm ID (N = 27) Number of animals 
tested 

ON40 4 

ON46 1 

ON56 0 

ON78 1 

ON82 4 

ON95 2 

ON96 2 

ON98 3 

ON100 4 

ON101 1 

ON102 1 

ON103 6 

ON104 1 

Total number  56 
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Table 13: The results of bacterial culture of lung tissue submitted from 67 cases with pneumonia 
diagnosed as the primary cause of death. The cases were received from 27 Ontario dairy goat 
farms over a 12-month period. 

Bacterial species Count Percentage 
(%) 

Sole agent 
cultured count 

and (%) 

Number of concurrent pathogens 
recovered (including Mycoplasma 

spp.) given as a range with (%) 

Acinetobacter lwoffi 1 1.5 % 0 2 (2.9 %) 

Bibersteinia trehalosi 8 11.9 % 1 (1.5 %) 2-4 (2.9-5.9 %) 

Corynebacterium 
pseudotuberculosis 

1 1.5 % 0 2 (2.9 %) 

Escherichia coli 17 25.4 % 1 (1.5 %) 1-5 (1.5-7.3 %) 

Enterococcus hirae 1 1.5 % 0 3 (4.4 %) 

Helcococcus ovis 1 1.5 % 1 (1.5 %) 1 (1.5 %) 

Mannheimia haemolytica 2 3.0 % 0 1-2 (1.5-2.9 %) 

Mannheimia haemolytica 
type 2 

25 37.3 % 2 (2.9 %) 1-5 (1.5-7.3 %) 

Mannheimia ruminalis 1 1.5 % 0 2 (2.9 %) 

Pasteurella multocida 10 14.9 % 0 1-4 (1.5-5.9 %) 

Staphylococcus aureus 3 4.5 % 0 1-3 (1.5-4.4 %) 

Staphylococcus 
equorum 

2 3.0 % 0 2-4 (2.9-5.9 %) 
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Bacterial species Count Percentage 
(%) 

Sole agent 
cultured count 

and (%) 

Number of concurrent pathogens 
recovered (including Mycoplasma 

spp.) given as a range with (%) 

Streptococcus 
gallolyticus 

6 9.0 % 1 (1.5 %) 1-3 (1.5-4.4 %) 

Streptococcus ovis 1 1.5 % 0 1 (1.5 %) 

Trueperella pyogenes 12 17.9 % 3 (4.4 %) 2-5 (2.9-7.3 %) 

 

Table 14: The results of viral PCR for bovine herpesvirus 1, bovine parainfluenza virus 3 and 
bovine respiratory syncytial virus from lung tissue submitted for the 67 cases with pneumonia 
diagnosed as the primary cause of death. The cases were received from 27 Ontario dairy goat 
farms over a 12-month period. 
 

Virus tested for Count Percentage of positive results 

Bovine Herpesvirus 1 0 0 

Bovine Parainfluenza 3 2 3 % 

Bovine respiratory syncytial virus 0 0 

 

Table 15: The results of mycoplasma culture of lung tissue submitted from 68 cases with 
pneumonia diagnosed as a primary cause of death. The cases were received from 27 Ontario dairy 
goat farms over a 12-month period. 

Mycoplasma species Count Percentage of positive results 

Mycoplasma arginini 37 54.4  % 

Mycoplasma ovipneumoniae 28 41.2 % 
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Mycoplasma species Count Percentage of positive results 

Ureaplasma spp. 0 0 

Mycoplasma bovis 1 1 % 

 

 

Table 16: The number of cases that received PCR testing for Coxiella burnetii and Chlamydia 
abortus, from 27 Ontario dairy goat farms over a 12-month period that received ancillary 
diagnostic testing as listed by farm. Results of testing are included with percentage of positives 
listed in brackets). 

Farm ID           
(N = 27) 

Number of 
animals tested 
for C. burnetii 

Positive results 
with (%) 

Inconclusive 
results 

Number of 
animals tested 
for C. abortus 

Positive 
results with 

(%) 

ON01 2 1 (2.8 %) 0 1 0 

ON02 1 0 0 1 0 

ON10 4 4 (11,1 %) 0 0 0 

ON11 1 1 (2.8 %) 0 0 0 

ON12 3 3 (8.3 %) 0 0 0 

ON13 2 0 0 1 0 

ON14 1 0 0 0 0 

ON15 0 0 0 0 0 

ON16 0 0 0 0 0 
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Farm ID           
(N = 27) 

Number of 
animals tested 
for C. burnetii 

Positive results 
with (%) 

Inconclusive 
results 

Number of 
animals tested 
for C. abortus 

Positive 
results with 

(%) 

ON19 2 1 (2.8 %) 0 2 0 

ON22 0 0 0 0 0 

ON23 1 1 (2.8 %) 0 0 0 

ON31 0 0 0 0 0 

ON38 0 0 0 0 0 

ON40 2 0 0 1 0 

ON46 3 3 (8.3 %) 0 0 0 

ON56 0 0 0 0 0 

ON78 0 0 0 0 0 

ON82 1 1 (2.8 %) 0 0 0 

ON95 2 1 (2.8 %) 0 0 0 

ON96 1 1 (2.8 %) 0 0 0 

ON98 5 4 (11.1 %) 0 1 0 

ON100 2 1 (2.8 %) 1 (2.8 %) 1 0 

ON101 0 0 0 0 0 

ON102 0 0 0 0 0 
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Farm ID           
(N = 27) 

Number of 
animals tested 
for C. burnetii 

Positive results 
with (%) 

Inconclusive 
results 

Number of 
animals tested 
for C. abortus 

Positive 
results with 

(%) 

ON103 1 0 0 0 0 

ON104 2 0 1 (2.8 %) 1 0 

Total Cases 36 22 (61.1 %) 2 (5.6 %) 8 0 

 

 

 

Table 17: The number of cases with diarrhea or enteritis diagnosed as the primary cause of death 
of diarrhea or enteritis, from 27 Ontario dairy goat farms over a 12-month period that received 
ancillary diagnostic testing (bacterial culture, viral PCR and sucrose wet mount), as listed by farm. 
Results of bacterial culture are included with the percent positive reported in brackets. 

Farm ID        
(N = 27) 

Number of 
animals 
tested 

Number of 
animals 
tested- 

histopath 

Clostridium 
bifermentans 

with (%) 

Clostridium 
perfringens 

with (%) 

Escherichia 
coli (all ETEC 
negative) with  

(%) 

 

Salmonella 
(Salmonella 

enterica 
Mbandaka 

var 14) with 
(%) 

ON01 3 1 0 2 (3.6 %) 3 (5.4 %) 0 

ON02 0 0 0 0 0 0 

ON10 3 2 0 2 (3.6 %) 0 0 

ON11 1 1 0 1 (1.8 %) 1 (1.8 %) 0 

ON12 2 2 0 1 (1.8 %) 2 (3.6 %) 0 

ON13 1 1 0 1 (1.8 %) 1 (1.8 %) 0 
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Farm ID 
(N=27) 

Number of 
animals 
tested 

Number of 
animals 
tested- 

histopath 

Clostridium 
bifermentis 

with (%) 

Clostridium 
perfringens 

with (%) 

Escherichia 
coli (all ETEC 
negative) with 

(%) 

 

Salmonella 
(Salmonella 

enterica 
Mbandaka 

var 14) with 
(%) 

ON14 2 2 0 1 (1.8 %) 2 (3.6 %) 0 

ON15 4 4 0 3 (5.4 %) 4 (7.1 %) 1 (1.8 %) 

ON16 1 1 0 1 (1.8 %) 0 0 

ON19 1 1 0 0 1 (1.8 %) 0 

ON22 0 0 0 0 0 0 

ON23 0 0 0 0 0 0 

ON31 5 4 0 4 (7.1 %) 5 (8.9 %) 0 

ON38 3 2 0 1 (1.8 %) 2 (3.6 %) 0 

ON40 1 1 0 0 1 (1.8 %) 0 

ON46 0 0 0 0 0 0 

ON56 0 0 0 0 0 0 

ON78 2 2 0 2 (3.6 %) 2 (3.6 %) 0 

ON82 1 1 0 1 (1.8 %) 1 (1.8 %) 0 

ON95 4 4 0 2 (3.6 %) 4 (7.1 %) 0 
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Farm ID 
(N=27) 

Number of 
animals 
tested 

Number of 
animals 
tested- 

histopath 

Clostridium 
bifermentis 

with (%) 

Clostridium 
perfringens 

with (%) 

Escherichia 
coli (all ETEC 
negative) with 

(%) 

 

Salmonella 
(Salmonella 

enterica 
Mbandaka 

var 14) with 
(%) 

ON96 3 3 0 2 (3.6 %) 3 (5.4 %) 0 

ON98 4 4 0 4 (7.1 %) 4 (7.1 %) 0 

ON100 1 1 0 1 (1.8 %) 1 (1.8 %) 0 

ON101 5 4 0 4 (7.1 %) 5 (8.9 %) 0 

ON102 2 2 0 0 1 (1.8 %) 0 

ON103 5 4 1 (1.8 %) 3 (5.4 %) 3 (5.4 %) 0 

ON104 2 1 0 2 (3.6 %) 2 (3.6 %) 0 

Total 
Number 

56 48 1 (1.8 %) 38 (6.79 %) 48 (85.7 %) 1 (1.8 %) 
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Table 18: The results of Clostridium perfringens genotyping with culture growth type (pure, mixed, 
or unspecified)  for 39 cases from 27 Ontario dairy goat farms over a 12-month period that had 
diarrhea or enteritis diagnosed as the primary cause of death of diarrhea or enteritis. These cases 
cultured Clostridium perfringens from pooled samples of ileum and spiral colon. 

Clostridium 
perfringens genotype 

N = 38 

Count Pure culture Mixed culture Percentage 

A 11 11 0 28.9 % 

A with beta2 toxin 
gene 

15 13 2 39.5 % 

D 5 3 2 13.2 % 

D with beta2 toxin 
gene 

4 3 1 10.5 % 

NA (not typed) 3 0 0 7.9 % 

Total 38 30 5 100 % 

 
Table 19: The number of cases with diarrhea and or enteritis diagnosed as the primary cause of 
death that were positive for a virus (rotavirus A, B or coronavirus) upon viral PCR testing of 
pooled ileum and spiral colon. Results of viral PCR are included with the percent positive reported 
in brackets. The samples were taken from 56 cases of diarrhea or enteritis from 27 Ontario dairy 
goat farms over a 12-month period. 

Farm ID          
(N =2 7) 

Number of 
animals 
tested 

Number of 
animals tested- 

histopath 

Rotavirus A 
with (%) 

Rotavirus B 
with (%) 

Coronavirus 
with (%) 

ON01 3 1 0 0 0 

ON02 0 0 0 0 0 

ON10 3 2 2 (3.6 %) 0 0 
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Farm ID         
(N = 27) 

Number of 
animals 
tested 

Number of 
animals tested- 

histopath 

Rotavirus A 
with (%) 

Rotavirus B 
with (%) 

Coronavirus 
with (%) 

ON11 1 1 1 (1.8 %) 0 0 

ON12 2 2 0 0 0 

ON13 1 1 0 0 0 

ON14 2 2 0 0 0 

ON15 4 4 0 0 0 

ON16 1 1 1 (1.8 %) 0 0 

ON19 1 1 1 (1.8 %) 0 1 (1.8 %) 

ON22 0 0 0 0 0 

ON23 0 0 0 0 0 

ON31 5 4 2 (3.6 %) 0 0 

ON38 3 2 3 (5.4 %) 0 0 

ON40 1 1 0 0 0 

ON46 0 0 0 0 0 

ON56 0 0 0 0 0 

ON78 2 2 0 0 0 

ON82 1 1 0 0 0 
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Farm ID         
(N = 27) 

Number of 
animals 
tested 

Number of 
animals tested- 

histopath 

Rotavirus A 
with (%) 

Rotavirus B 
with (%) 

Coronavirus 
with (%) 

ON95 4 4 3 (5.4 %) 0 0 

ON96 3 3 1 (1.8 %) 0 0 

ON98 4 4 0 0 0 

ON100 1 1 0 0 0 

ON101 5 4 3 (5.4 %) 0 0 

ON102 2 2 1 (1.8 %) 0 0 

ON103 5 4 3 (5.4 %) 0 0 

ON104 2 1 0 0 0 

Total Number 56 48 21 (37.5) 0 1 (1.8 %) 

 

Table 20: The number of cases with diarrhea or enteritis diagnosed as the primary cause of death 
from 27 Ontario dairy goat farms over a 12-month period that returned positive results for 
coccidial or cryptosporidial species from sucrose wet mount testing on pooled samples of ileum 
and spiral colon. Results are included with the percent positive reported in brackets. 

Farm ID        
(N = 27) 

Number of 
animals 
tested 

Number of 
animals tested- 

histopath 

Coccidia (Eimeria, species 
otherwise not identified) 

with (%) 

Cryptosporidium spp. 
with (%) 

ON01 3 1 0 0 

ON02 0 0 0 0 
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Farm ID        
(N = 27) 

Number of 
animals 
tested 

Number of 
animals tested- 

histopath 

Coccidia (Eimeria, species 
otherwise not identified) 

with (%) 

Cryptosporidium spp. 
with (%) 

ON10 3 2 0 0 

ON11 1 1 0 0 

ON12 2 2 0 2 (3.6 %) 

ON13 1 1 0 0 

ON14 2 2 0 2 (3.6 %) 

ON15 4 4 0 0 

ON16 1 1 1 (1.8 %) 0 

ON19 1 1 0 0 

ON22 0 0 0 0 

ON23 0 0 0 0 

ON31 5 4 0 2 (3.6 %) 

ON38 3 2 0 0 

ON40 1 1 0 0 

ON46 0 0 0 0 

ON56 0 0 0 0 

ON78 2 2 1 (1.8 %) 1 (1.8 %) 
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Farm ID        
(N = 27) 

Number of 
animals 
tested 

Number of 
animals tested- 

histopath 

Coccidia (Eimeria, species 
otherwise not identified) 

with (%) 

Cryptosporidium spp. 
with (%) 

ON82 1 1 0 0 

ON95 4 4 1 (1.8 %) 0 

ON96 3 3 1 (1.8 %) 0 

ON98 4 4 0 1 (1.8 %) 

ON100 1 1 0 0 

ON101 5 4 2 (3.6 %) 0 

ON102 2 2 2 (3.6 %) 0 

ON103 5 4 2 (3.6 %) 0 

ON104 2 1 0 0 

Total Number 56 48 10 (17.9 %) 8 (14.3 %) 

 

 

 

 

 

 

 



 

 

249 

 

Table 21: The number of cases with septicemia diagnosed as a primary cause of death, from 27 
Ontario dairy goat farms over a 12-month period that received ancillary diagnostic testing 
(bacterial culture of liver and lung) and histopathology, as listed by farm. 

Farm ID (N = 27) Number of animals tested Number of animals tested- histopath 

ON01 6 2 

ON02 5 4 

ON10 4 2 

ON11 1 1 

ON12 4 2 

ON13 2 1 

ON14 1 1 

ON15 1 1 

ON16 0 0 

ON19 3 1 

ON22 0 0 

ON23 0 0 

ON31 2 2 

ON38 2 1 

ON40 1 1 
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Farm ID (N = 27) Number of animals tested Number of animals tested- histopath 

ON46 1 1 

ON56 0 0 

ON78 3 2 

ON82 2 2 

ON95 3 3 

ON96 1 1 

ON98 5 4 

ON100 1 1 

ON101 1 1 

ON102 2 2 

ON103 4 4 

ON104 2 1 

Total Number 57 41 
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Table 22: The results of bacterial culture of liver submitted from 57 cases with septicemia 
diagnosed as the primary cause of death, from 27 Ontario dairy goat farms over a 12-month 
period.  

Bacterial species Count Percentage 

Aerococcus viridans 1 2 % 

Bacillus licheniformis 1 2 % 

Bibersteinia trehalosi 3 5 % 

Corynebacterium amycolatum 1 2 % 

Corynebacterium xerosis 1 2 % 

Enterococcus avium 1 2 % 

Enterococcus durans 1 2 % 

Enterococcus faecalis 7 12 % 

Enterococcus hirae 2 4 % 

Escherichia coli 12 21 % 

Klebsiella oxytoca 2 4 % 

Lactobacillus curvatus 1 2 % 

Lactobacillus johnsonii 2 4 % 

Lactobacillus lactis 1 2 % 

Listeria monocytogenes 1 2 % 
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Bacterial species Count Percentage 

Mannheimia haemolytica type 1 1 2 % 

Pantoea agglomerans 2 4 % 

Pasteurella multocida 1 2 % 

Staphylococcus aureus 7 12 % 

Staphylococcus equorum 4 7 % 

Staphylococcus gallinarum 2 4 % 

Streptococcus spp 1 2 % 

Streptococcus dysgalactiae 1 2 % 

Streptococcus gallolyticus 3 5 % 

Trueperella pyogenes 5 9 % 

Vagococcus spp. 1 2 % 

 

 

Table 23: The results of bacterial culture of lung submitted from 57 cases with septicemia 
diagnosed as a primary cause of death, from 27 Ontario dairy goat farms over a 12-month period. 

Bacterial species Count Percentage 

Aerococcus viridans 1 2 % 

Bacillus licheniformis 1 2 % 
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Bacterial species Count Percentage 

Bibersteinia trehalosi 5 9 % 

Corynebacterium spp. 1 2 % 

Enterococcus avium 1 2 % 

Enterococcus durans 1 2 % 

Enterococcus faecium 4 7 % 

Enterococcus gallinarum 2 4 % 

Enterococcus hirae 1 2 % 

Escherichia coli 14 25 % 

Klebsiella oxytoca 1 2 % 

Lactobacillus curvatus 3 5 % 

Lactobacillus johnsonii 1 2 % 

Lactobacillus lactis 1 2 % 

Listeria monocytogenes 2 4 % 

Mannheimia haemolytica 4 7 % 

Morganella morganii 1 2 % 

Pantoea agglomerans 2 4 % 



 

 

254 

 

Bacterial species Count Percentage 

Staphylococcus aureus 5 9 % 

Staphylococcus cohnii 1 2 % 

Staphylococcus equorum 1 2 % 

Staphylococcus lentus 3 5 % 

Streptococcus spp 1 2 % 

Streptococcus enterococcus 1 2 % 

Streptococcus gallolyticus 3 5 % 

Streptococcus lutetiensis 1 2 % 

Trueperella pyogenes 3 5 % 

Vagococcus fluvialis 1 2 % 

 

Appendix 5: Secondary causes of death (SCOD) 

Table 24: The number of cases with diarrhea or enteritis diagnosed as the primary causes of 
death, from 27 Ontario dairy goat farms over a 12-month period that had a secondary cause of 
death recorded, as reported by age group. 

PCOD/SCOD co-
diagnoses 

Perinatal kids 
(0 – 48 hr) 

Neonatal kids 
(49 hr - 7 days) 

Pre-weaning 
kids (8 - 56 

days) 

Weaned kids 
(57 days - 4 m) 

Total kids 

Diarrhea/Pneumonia 0 1 17 7 25 
Diarrhea/Septicemia 3 6 15 2 26 
Diarrhea/Starvation 1 3 15 1 20 
Diarrhea/PSW 1 0 1 0 2 
Diarrhea/abomasal 
issues 

0 0 1 0 1 

Total kids 5 10 49 10 74 
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Table 25: The number of cases with pneumonia diagnosed as the primary causes of death, from 
27 Ontario dairy goat farms over a 12-month period that had a secondary cause of death recorded, 
as reported by age group. 

PCOD/SCOD co-
diagnoses 

Perinatal kids 
(0 – 48 hr) 

Neonatal kids 
(49 hr - 7 

days) 

Pre-weaning 
kids (8 - 56 

days) 

Weaned kids 
(57 days-  4 

m) 

Total kids 

Pneumonia/Diarrhea 1 2 10 1 14 
Pneumonia/Septicemia 1 1 10 5 17 
Pneumonia/Starvation 1 2 16 2 21 
Pneumonia/PSW 2 0 2 0 4 
Pneumonia/abomasal 
issues 

0 0 1 0 1 

Total kids 5 5 39 8 57 

 
Table 26: The number of cases that had septicemia diagnosed as the primary cause of death, from 
27 Ontario dairy goat farms over a 12-month period that had a secondary cause of death recorded, 
as reported by age. 

PCOD/SCOD co-
diagnoses 

Perinatal kids 
(0 – 48 hr) 

Neonatal kids 
(49 hr - 7 

days) 

Pre-weaning 
kids (8 - 56 

days) 

Weaned kids 
(57 days - 4 

m) 

Total kids 

Septicemia/Diarrhea 0 2 5 4 11 
Septicemia/Pneumonia 2 2 18 1 23 
Septicemia/Starvation 2 5 10 1 18 
Septicemia/PSW 0 2 0 0 2 
Total kids 4 11 33 6 54 

 

Table 27: The number of cases with starvation diagnosed as the primary cause of death from 27 
Ontario dairy goat farms over a 12-month period that had a secondary cause of death recorded, as 
reported by age. 

PCOD/SCOD co-
diagnoses 

Perinatal kids 
(0 – 48 hr) 

Neonatal kids 
(49 hr - 7 

days) 

Pre-weaning 
kids (8 - 56 

days) 

Weaned kids 
(57 days – 4 

m) 

Total kids 

Starvation/Diarrhea 0 1 3 0 4 
Starvation/Pneumonia 1 0 8 1 10 
Starvation/Septicemia 2 11 10 1 24 
Starvation/PSW 2 1 1 0 4 
Starvation/dystocia 0 0 1 0 1 
Total kids 5 13 23 2 43 
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Table 28: The number of cases with premature, small and weak (PSW) diagnosed as the primary 
cause of death from 27 Ontario dairy goat farms over a 12-month period that had a secondary 
cause of death recorded, as reported by age. 

PCOD/SCOD co-
diagnoses 

Perinatal kids 
(0 – 48 hr) 

Neonatal kids 
(49 hr - 7 days) 

Pre-weaning 
kids (8 - 56 

days) 

Weaned kids 
(57 days – 4 

m) 

Total kids 

PSW/Diarrhea 0 0 0 0 0 
PSW/Pneumonia 1 1 1 0 3 
PSW/Starvation 0 2 0 0 2 
PSW/Septicemia 0 1 1 0 2 
PSW/dystocia 1 0 0 0 1 
Total kids 2 4 2 0 8 

 

Table 29: The number of miscellaneous primary causes of death, from 27 Ontario dairy goat farms 
over a 12-month period that had a secondary cause of death recorded, as reported by age. 

PCOD/SCOD  
co-diagnoses 

Perinatal 
kids (0 – 48 

hr) 

Neonatal 
kids (49 hr - 

7 days) 

Pre-weaning 
kids (8 - 56 

days) 

Weaned 
kids (57 

days – 4 m) 

Total kids 

Abomasal disease/ 
Diarrhea 

0 0 1 0 1 

Abomasal disease/ 
Pneumonia 

0 0 1 0 1 

Abomasal disease/ 
Septicemia 

0 2 0 0 2 

Abomasal disease/ 
Starvation 

1 0 0 0 1 

Congenital 
anomaly/Pneumonia 

0 0 0 1 1 

Congenital 
anomaly/Diarrhea 

1 0 0 0 1 

Congenital 
anomaly/Starvation 

0 1 0 0 1 

Disbudding 
injury/Diarrhea 

0 0 1 0 1 

Disbudding 
injury/Septicemia 

0 0 2 0 2 

Dystocia/Blood loss 1 0 0 0 1 

Dystocia/Starvation 1 0 0 0 1 

Dystocia/PSW 2 0 0 0 2 

Encephalitis/Pneumonia 0 0 0 1 1 
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PCOD/SCOD 
co-diagnoses 

Perinatal 
kids (0 - 48 

hr) 

Neonatal 
kids (49 hr - 

7 days) 

Pre-weaning 
kids (8 - 56 

days) 

Weaned 
kids (57 

days – 4 m) 

Total kids 

Spiral colon 
impaction/septicemia 

0 0 0 1 1 

Polyserositis/Septicemia 0 0 1 0 1 

Torsion/Pneumonia 1 0 1 0 2 

Torsion/Septicemia 0 0 1 0 1 

Trauma/Diarrhea 0 1 1 0 2 

Trauma/Pneumonia 1 0 0 0 1 

Total kids 8 4 9 3 24 

 

Table 30: Table of all ancillary results per category of primary cause of death (PCOD- Pneumonia, 
Septicemia, Diarrhea/enteritis, Trauma and Open as to cause of death) to receive ancillary 
diagnostic testing. Counts of individual positive results are provided with n per submission group 
included. Results for PCOD of pneumonia are reported by tissue submitted (liver and lung). 

Agent PCOD 
Pneumonia 

n = 67 

PCOD 
Septicemia 

(Liver 
culture) 
n = 57 

PCOD 
Septicemia 

(Lung 
culture) 
n = 57 

PCOD 
Diarrhea/ 
enteritis 
n = 56 

PCOD 
Trauma 
(control) 

n = 1 

PCOD 
Open 
n = 2 

Count of 
Total 

Positive 
Results 
n = 183 

Bacterial 
Culture 

       

Acinetobacter 
lwoffi 

1 0 0 0 0 0 1 

Aerococcus 
viridans 

0 1 1 0 0 0 2 

Bacillus 
licheniformis 

0 1 1 0 0 0 2 

Bibersteinia 
trehalosi 

8 3 5 0 0 0 16 

Clostridium 
bifermentis 

0 0 0 1 0 0 1 

Clostridium 
perfringens 
type A 

0 0 0 11 0 0 11 

Clostridium 
perfringens 
type A with 
beta2 toxin 
gene 

0 0 0 15 0 0 15 
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Agent PCOD 
Pneumonia 

n = 67 

PCOD 
Septicemia 

(Liver 
culture) 
n = 57 

PCOD 
Septicemia 

(Lung 
culture) 
n = 57 

PCOD 
Diarrhea/en

teritis 
n = 56 

PCOD 
Trauma 
(control) 

n = 1 

PCOD 
Open 
n = 2 

Count of 
Total 

Positive 
Results 
n = 183 

Clostridium 
perfringens 
type D 

0 0 0 5 0 0 5 

Clostridium 
perfringens 
type D with 
beta2 toxin 
gene 

0 0 0 3 1 0 4 

Clostridium 
perfringens 
(untyped) 

0 0 0 3 0 0 3 

Corynebacteri
um 
amycolatum 

0 1 0 0 0 0 1 

Corynebacteri
um 
pseudotuberc
ulosis 

1 0 0 0 0 0 1 

Corynebacteri
um xerosis 

0 1 0 0 0 0 1 

Corynebacteri
um spp. 

0 0 1 0 0 0 1 

Enterococcus 
avium 

0 1 1 0 0 0 2 

Enterococcus 
durans 

0 1 1 0 0 0 2 

Enterococcus 
faecalis 

0 7 0 0 0 0 7 

Enterococcus 
faecium 

0 0 4 0 0 0 4 

Enterococcus 
gallinarum 

0 0 2 0 0 0 2 

Enterococcus 
hirae 

1 2 1 0 0 0 4 

Escherichia 
coli 

16 12 14 47 1 1 91 

Helcococcus 
ovis 

1 0 0 0 0 0 1 

Klebsiella 
oxytoca 

0 2 1 0 0 0 3 

Lactobacillus 
curvatus 

0 0 3 0 0 0 3 

Lactobacillus 
johnsonii 

0 2 1 0 0 0 3 
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Agent PCOD 
Pneumonia 

n = 67 

PCOD 
Septicemia 

(Liver 
culture) 
n = 57 

PCOD 
Septicemia 

(Lung 
culture) 
n = 57 

PCOD 
Diarrhea/en

teritis 
n = 56 

PCOD 
Trauma 
(control) 

n = 1 

PCOD 
Open 
n = 2 

Count of 
Total 

Positive 
Results 
n = 183 

Lactobacillus 
lactis 

0 1 1 0 0 0 2 

Listeria 
monocytogen
es 

0 1 2 0 0 0 3 

Mannheimia 
haemolytica 

1 0 3 0 0 1 5 

Mannheimia 
haemolytica 
type 2 

24 0 0 0 1 1 26 

Mannheimia 
ruminalis 

1 0 0 0 0 0 1 

Morganella 
morganii 

0 0 1 0 0 0 1 

Mycoplasma 
arginini 

35 0 0 0 1 1 37 

Mycoplasma 
bovis 

1 0 0 0 0 0 1 

Mycoplasma 
ovipneumonia
e 

27 0 0 0 1 0 28 

Pantoea 
agglomerans 

0 2 2 0 0 0 4 

Pasteurella 
multocida 

10 1 0 0 0 0 11 

Salmonella 
enterica 
Mbandaka var 
14 

0 0 0 1 0 0 1 

Staphylococc
us aureus 

3 17 5 0 0 0 25 

Staphylococc
us cohnii 

0 0 1 0 0 0 1 

Streptococcus 
dysgalactiae 

0 1 0 0 0 0 1 

Staphylococc
us equorum 

2 4 1 0 0 0 7 

Staphylococc
us lentus 

0 0 3 0 0 0 3 

Streptococcus 
enterococcus 

0 0 1 0 0 0 1 

Streptococcus 
galinarum 

0 0 0 0 0 0 0 

Streptococcus 
gallolyticus 

6 3 3 0 0 0 12 
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Agent PCOD 
Pneumonia 

n = 67 

PCOD 
Septicemia 

(Liver 
culture) 
n = 57 

PCOD 
Septicemia 

(Lung 
culture) 
n = 57 

PCOD 
Diarrhea/en

teritis 
n = 56 

PCOD 
Trauma 
(control) 

n = 1 

PCOD 
Open 
n = 2 

Count of 
Total 

Positive 
Results 
n = 183 

Streptococcus 
lutetiensis 

0 0 1 0 0 0 1 

Streptococcus 
ovis 

1 0 0 0 0 0 1 

Streptococcus 
spp. 

0 1 1 0 0 0 2 

Trueperella 
pyogenes 

12 5 3 0 0 0 20 

Vagococcus 
fluvialis 

0 0 1 0 0 0 1 

Vagococcus 
spp. 

0 1 0 0 0 0 1 

Bacterial 
PCR 

       

Chlamydia 
abortus 

0 0 0 0 0 0 0 

Coxiella 
burnetii 

6 5 0 0 1 0 12 

Viral PCR        
Bovine 
Herpesvirus 1 

0 0 0 0 0 0 0 

Bovine 
Parainfluenza 
3 

2 0 0 0 0 0 2 

Bovine 
respiratory 
syncytial virus 

0 0 0 0 0 0 0 

Coronavirus 0 0 0 1 0 0 1 
Rotavirus A 0 0 0 21 0 0 21 
Rotavirus B 0 0 0 0 0 0 0 
Sucrose Wet 
Mount 

       

Eimeria spp. 0 0 0 10 0 0 10 
Cryptosporidiu
m spp. 

0 0 0 8 0 0 8 
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Table 31:The results of bacterial culture, mycoplasma culture and virus isolation for lung 
submitted from cases with a primary cause of death of pneumonia (PCOD), that also had a 
secondary cause of death (SCOD) identified at postmortem exam (n = 21). The positive results are 
listed as counts by SCOD. A small number of cases with a PCOD of pneumonia also received 
testing for Coxiella burnetii (n = 15) and Chlamydia abortus (n = 5), with positive results are listed 
as counts. 

Agent Abomasitis 
n = 1 

Diarrhea/enteritis 
n = 7 

Premature, 
small, 
weak 
n = 4 

Septicemia 
n = 4 

Starvation 
n = 5 

Count of 
Total 

Positive 
Results 
n = 21 

Bacterial Culture       

Acinetobacter 
lwoffi 

0 0 0 0 0 0 

Bibersteinia 
trehalosi 

0 0 0 0 0 0 

Corynebacterium 
pseudotuberculosis 

0 0 0 0 0 0 

Escherichia coli 0 2 0 3 1 6 

Enterococcus hirae 0 0 0 1 0 1 

Helcococcus ovis 0 0 0 0 0 0 

Mannheimia 
haemolytica 

0 0 0 0 0 0 

Mannheimia 
haemolytica type 2 

0 2 1 2 3 8 

Mannheimia 
ruminalis 

0 0 0 0 0 0 

Mycoplasma 
arginini 

0 0 2 3 2 7 

Mycoplasma bovis 0 0 0 0 0 0 

Mycoplasma 
ovipneumoniae 

0 0 0 2 3 5 

Pasteurella 
multocida 

0 1 0 0 2 3 

Staphylococcus 
aureus 

0 1 0 1 0 2 

Staphylococcus 
equorum 

0 0 0 1 0 1 

Streptococcus 
gallolyticus 

0 1 0 0 0 1 

Streptococcus ovis 0 1 0 0 0 1 

Trueperella 
pyogenes 

0 1 1 1 1 4 

Bacterial PCR       

Chlamydia abortus 0 0 0 0 0 0 

Coxiella burnetti 0 0 1 0 0 1 
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Agent Abomasitis 
n = 1 

Diarrhea/enteritis 
n = 7 

Premature, 
small, 
weak 
n = 4 

Septicemia 
n = 4 

Starvation 
n = 5 

Count of 
Total 

Positive 
Results 
n = 21 

Viral PCR       

Bovine 
Herpesvirus 1 

0 0 0 0 0 0 

Bovine 
Parainfluenza 3 

0 0 0 0 0 0 

Bovine respiratory 
syncytial virus 

0 0 0 0 0 0 

 

 

 

Table 32: The results of bacterial culture, virus isolation and sucrose wet mount for ileum and 
spiral colon submitted from cases with a primary cause of death of diarrhea/enteritis, that also 
had a secondary cause of death (SCOD) identified at postmortem exam (n = 24). The results of 
ancillary diagnostic testing are listed as counts by SCOD. 

Agent Pneumonia 
n = 8 

Premature, Small, 
Weak 
n = 1 

Septicemia 
n = 8 

Starvation 
n = 7 

Count of 
Total 

Positive 
Results 
n = 24 

Bacterial Culture      

Clostridium 
bifermentis 

1 0 0 0 0 

Clostridium 
perfringens type A 

3 0 5 2 10 

Clostridium 
perfringens type A 
with beta2 toxin gene 

1 0 1 3 5 

Clostridium 
perfringens type D 

1 0 0 0 1 

Clostridium 
perfringens type D 
with beta2 toxin gene 

0 0 0 1 1 

Clostridium 
perfringens (untyped) 

1 0 1 0 2 

Escherichia coli 6 1 7 7 21 

Salmonella enterica 
Mbandaka var 14 

0 0 0 0 0 

Viral PCR      
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Agent Pneumonia 
n = 8 

Premature, Small, 
Weak 
n = 1 

Septicemia 
n = 8 

Starvation 
n = 7 

Count of 
Total 

Positive 
Results 
n = 24 

Coronavirus 0 0 0 0 0 

Rotavirus A 4 0 2 0 6 

Rotavirus B 0 0 0 0 0 

Sucrose Wet Mount      

Eimeria spp. 0 0 0 1 1 

Cryptosporidium spp. 2 1 1 3 7 

 
Table 33: The results of bacterial culture for liver and lung submitted from cases with a primary 
cause of death of septicemia, that also had a secondary cause of death (SCOD) identified at 
postmortem exam (n = 24). The positive results of bacterial culture are listed as counts by SCOD. 

Agent Diarrhea/enteritis 
n = 5 

Pneumonia 
n = 8 

Premature, 
Small, Weak 

n = 4 

Starvation 
n = 7 

Count of 
Total 

Positive 
Results 
n = 24 

Aerococcus viridans - Liver 0 0 0 0 0 

Aerococcus viridans - Lung 0 0 0 0 0 

Bacillus licheniformis - Liver 0 0 0 0 0 

Bacillus licheniformis - Lung 1 0 0 0 1 

Bibersteinia trehalosi - Liver 1 2 0 0 3 

Bibersteinia trehalosi - Lung 1 2 1 0 4 

Corynebacterium 
amycolatum - Liver 

0 0 0 0 0 

Corynebacterium xerosis - 
Liver 

0 0 0 0 0 

Corynebacterium spp. - 
Lung 

0 0 0 0 0 

Enterococcus avium - Liver 0 0 0 0 0 

Enterococcus avium - Lung 1 0 0 0 1 

Enterococcus durans - Liver 0 0 0 1 1 

Enterococcus durans - Lung 0 0 0 1 1 

Enterococcus faecalis - Liver 1 0 0 3 4 

Enterococcus faecium - 
Lung 

2 0 0 2 4 

Enterococcus gallinarum - 
Lung 

0 0 0 1 1 

Enterococcus hirae - Liver 1 0 0 1 2 

Enterococcus hirae - Lung 0 0 0 0 0 
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Agent Diarrhea/enteritis 
n = 5 

Pneumonia 
n = 8 

Premature, 
Small, Weak 

n = 4 

Starvation 
n = 7 

Count of 
Total 

Positive 
Results 
n = 24 

Escherichia coli - Liver 1 0 2 2 5 

Escherichia coli - Lung 2 1 2 2 7 

Klebsiella oxytoca - Liver 0 0 0 1 1 

Klebsiella oxytoca - Lung 0 0 0 1 1 

Lactobacillus curvatus - 
Liver 

0 0 0 0 0 

Lactobacillus curvatus - 
Lung 

2 0 0 0 2 

Lactobacillus johnsonii - 
Liver 

0 0 0 1 1 

Lactobacillus johnsonii - 
Lung 

0 0 0 0 0 

Lactobacillus lactis - Liver 1 0 0 0 1 

Lactobacillus lactis - Lung 1 0 0 0 1 

Listeria monocytogenes - 
Liver 

0 1 0 0 1 

Listeria monocytogenes - 
Lung 

0 1 0 1 2 

Mannheimia haemolytica 
type 1 - Liver 

0 0 0 0 0 

Mannheimia haemolytica - 
Lung 

1 0 1 0 2 

Morganella morganii - Lung 0 0 0 0 0 

Pantoea agglomerans - 
Liver 

0 0 0 2 2 

Pantoea agglomerans - 
Lung 

1 0 0 1 2 

Pasteurella multocida - Liver 0 0 0 0 0 

Staphylococcus aureus - 
Liver 

0 3 0 1 4 

Staphylococcus aureus - 
Lung 

0 1 0 1 2 

Staphylococcus cohnii - 
Lung 

0 0 0 1 1 

Staphylococcus equorum - 
Liver 

2 0 0 0 2 

Staphylococcus equorum - 
Lung 

0 0 0 0 0 

Staphylococcus gallinarum - 
Liver 

0 1 0 0 1 



 

 

265 

 

Agent Diarrhea/enteritis 
n = 5 

Pneumonia 
n = 8 

Premature, 
Small, Weak 

n = 4 

Starvation 
n = 7 

Count of 
Total 

Positive 
Results 
n = 24 

Staphylococcus lentus - 
Lung 

1 0 0 1 2 

Streptococcus spp. - Liver 0 0 1 0 1 

Streptococcus spp. - Lung 0 0 0 0 0 

Streptococcus dysgalactiae - 
Liver 

0 0 1 0 1 

Streptococcus enterococcus 
- Lung 

0 0 0 1 1 

Streptococcus gallolyticus- 
Liver 

0 0 0 0 0 

Streptococcus gallolyticus - 
Lung 

0 1 0 0 1 

Streptococcus lutetiensis - 
Lung 

0 0 0 0 0 

Trueperella pyogenes - Liver 0 2 0 0 2 

Trueperella pyogenes - Lung 0 0 0 0 0 

Vagococcus fluvialis - Lung 0 0 0 0 0 

Vagococcus spp. - Liver 0 0 2 0 2 

 

 


