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Usefulness of certain clinical observations and blood chemistry values (BHBA, glucose, 

ions and blood gases) for predicting clinical outcomes when treating dairy goats with 

pregnancy toxemia 

 

Júlia Silveira  

 

Abstract 

Pregnancy toxemia (PT) is a disease characterized by a high case fatality rate (75% in this 

study). Clinical signs and blood chemistry values from 32 cases of PT in goats are described 

and summarized. Polypnea, swollen limbs, anorexia and absence of ruminal motility, sternal 

recumbency but ability to rise upon stimulation, neurological signs and drooped ears were the 

most consistently observed clinical manifestations. A decision concerning whether or not to 

and/or how to attempt to treat a PT goat should be based on clinical signs and blood 

parameters. The clinical signs most indicative of a poor prognosis are anorexia and 

recumbency; among the blood parameters it is potassium (K
+
) and those indicative of a 

metabolic acidosis, namely pH, pCO2, bicarbonate (HCO3
-
), base excess (BE), as there was a 

statistically significant difference between the goats that died and the goats that survived. 

Beta-hydroxybutyric acid (BHBA) values were not significantly different between the goats 

that died and the goats that survived. In conclusion, the clinical observations and the blood 

parameters described are likely to be used as prognostic indexes for dairy goats with PT. It 

should also be remembered that the prevention is of crucial importance in large flocks.  

 

Keywords: Pregnancy toxemia, dairy goats, prognostic indexes, clinical signs, blood 

chemistry values.  
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Utilização de sinais clínicos e de certos parâmetros sanguíneos (BHBA, glucose, iões e 

gases sanguíneos) como prognóstico de cabras com toxémia de gestação 

 

Júlia Silveira 

 

Resumo 

A toxémia de gestação (TG) é uma doença caracterizada por taxas de mortalidade elevadas 

(75% neste estudo). Os sinais clínicos e os valores sanguíneos dos 32 casos de TG em cabras 

são descritos. Polipneia, membros inchados, anorexia e ausência de motilidade ruminal, 

decúbito esternal mas com capacidade de levantar após estimulação, sinais neurológicos e 

orelhas caídas foram os sinais clínicos mais frequentemente observados. Uma decisão sobre 

quando ou não e/ou como tentar tratar uma cabra com TG deve ser baseada nos sinais clínicos 

e nos valores sanguíneos. Os sinais clínicos indicativos de mau prognóstico são anorexia e 

decúbito; em relação aos parâmetros sanguíneos, o potássio (K
+
) e os indicativos de acidose 

metabólica, como o pH, a pCO2, o bicarbonato (HCO3
-
) e o Excesso de Base (EB), dada a 

existência de uma diferença significativa nestes parâmetros entre o grupo de animais que 

morreu e o grupo que sobreviveu. Não foi observada uma diferença estatisticamente 

significativa nos valores do BHBA entre os dois grupos. Em conclusão, os sinais clínicos e os 

parâmetros sanguíneos descritos anteriormente podem ser usados como indicadores de 

prognóstico para cabras de leite com TG. Deve ainda ser relembrado o papel crucial da 

prevenção em grandes rebanhos. 

 

 

Palavras-chave: Toxémia de gestação, cabras de leite, indicadores de prognóstico, sinais 

clínicos, parâmetros sanguíneos.  
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1 INTRODUCTION 

Pregnancy toxemia (PT) of farm animal species was traditionally included in a long list of 

other metabolic diseases; a classification as a management/ nutrition/ economic-related 

metabolic disease is more appropriate and descriptive. Understanding the importance of 

nutrition, economic, and management factors in the progression of the disease is extremely 

important if practitioners and producers desire to develop practical flock-based prevention 

programs (Rook, 2000). Many prevention strategies require accurate observations of the 

animals and a high degree of attention to detail, but can be adopted with relatively low cost – 

they have cost-effectiveness (Rowe, 2014).  

Some farms have, however, developed prevention programs, adopted management strategies, 

addressed nutritional issues by asking help to specialists in animal nutrition, implemented 

observational strategies, and they still have high prevalence of PT. 

Farmers look for veterinarians‟ advice concerning strategies to prevent the disease and for 

possible solutions/courses of action when dealing with PT goats. Treatment options have been 

fully discussed by several authors‟ work for decades. Clinical signs, physiopathology and 

diagnosis have also been studied and described by several authors.  

Being said that, the main objective of this study was to establish a prognostic algorithm for 

dairy goats with PT based on the blood values of pH, beta-hydroxybutyric acid (BHBA), 

glucose, ions (K
+
, Na

+
, Cl

-
), blood gases and clinical signs.  

When a clinician is faced with a sick pregnant goat in the last days of gestation, evidencing 

clinical signs of PT, a decision needs to be taken concerning what to do with the animal. First 

of all, it is necessary to perform a clinical examination. It would also be helpful to obtain a 

urine sample and, if possible, a blood sample and check for the parameters indicated above. 

As only very early cases of PT respond well to treatments, the clinician has to decide between 

(not mutually exclusive): 

a) Medical treatment; 

b) Induction of kidding; 

c) Cesarean section; 

d) Euthanasia. 

The presence of certain clinical signs plus the information given by the urine test and the 

blood parameters will help the clinician in the decision that needs to be taken when faced with 

a PT goat. 
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2 BIBLIOGRAPHIC REVIEW 

Pregnancy toxemia (PT) is a production disease of polytocous sheep and goats (Wastney, 

Wolff & Bickerstaffe, 1983; Marteniuk & Herdt, 1988; Stelletta, Gianesella & Morgante, 

2008; Moallem, Rozov, Gootwine & Honig, 2011). It occurs in late gestation following 

inappropriate nutrition and stress (Wastney et al., 1983; Marteniuk & Herdt, 1988). 

Pregnancy toxemia typically occurs during the final trimester of gestation in ewes and does 

(Marteniuk & Herdt, 1988; Bulgin, 2005; Pugh & Baird, 2012); Radostits, Gay, Hinchcliff, 

and Constable (2007) and Smith and Sherman (2009) considered specifically the critical 

period for the occurrence of PT to be the last four to six weeks of pregnancy, whereas 

Sargison (2007) considered the final six weeks and Bergman (1993) only the final four. 

According to Rowe (2014), protein and energy demands due to fetal growth and development 

increase exponentially during the last month of gestation. Between 65% and 80% of fetal 

growth occurs during this period of time for Andrews (1997), Rook (2000) and Pugh and 

Baird (2012). The energy requirements for pregnant ewes and does vary slightly among the 

authors. For Kronfeld (1972), there is an increase to 50% above the maintenance level in the 

last month of gestation; for Haskell and Antilla (2001), this increase is 50% to 100% greater 

in the third trimester of pregnancy and for Rook (2000) and Bauman and Currie (1980), there 

is a 65% to 75% increase in energy requirements compared to a nonpregnant animal of the 

same weight. Besides, the energy requirements for ewes and does carrying twins or triplets 

are greatly increased mostly during the final two months of gestation – 180% more energy for 

ewes carrying twins and 200% to 250% for those carrying triplets (Pugh & Baird, 2012). The 

total weight of the gravid uterus containing triplets and quadruplets at parturition can be 27% 

and 33%, respectively, of the ewe‟s bodyweight at mating (Sargison, Scott, Penny, Pirie & 

Kelly, 1994, citing Robinson et al., 19741). 

For Radostits et al. (2007), the precipitating cause is exactly the energy demand of the 

conceptus (fetus and fetal membranes) in the latter part of pregnancy. Bergman (1993) and 

Brozos, Mavrogianni and Fthenakis (2011) considered that the decreased intake of nutrients, 

usually in association with increased requirements of the animals, contributes to development 

of the pathologic condition. Sargison et al. (1994) considered that PT in ewes results from a 

failure of dietary energy and energy from gluconeogenesis to meet the increasing fetal glucose 

demands in the last weeks of pregnancy.  

In sheep, this disease is also called “twin lamb disease” because ewes with two or more 

fetuses are thought to be at higher risk of developing it. In goats, twins would be the “norm”, 

                                                           
1 Robinson, J.J, McDonald, I., Fraser, C. & Crofts, R.M.J. (1977). Studies on reproduction in prolific ewes. 1. Growth of the products of 

conception. Journal of Agricultural Science, 88, 539-552. 
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and the risk of PT is more commonly associated with pregnancies of three or more kids in 

otherwise healthy goats (Rowe, 2014).  

The terms “lambing or kidding sickness”, “lambing or kidding paralysis”, and “lambing or 

kidding ketosis” are also commonly used to describe the condition in sheep and goats (Rook, 

2000; Schoenian, 2009). Rowe (2014) stated that the term “pregnancy ketosis” can also be 

used to describe this condition in goats, as the result is a ketoacidotic condition. 

According to Smith (1996), does seem to be more resistant to PT than ewes and Brozos et al. 

(2011) suggested that the disease occurs more frequently in ewes than in does; consequently, 

the number of studies in ewes is higher than in does.  

Doré, Dubuc, Bélanger and Buczinski (2015) found a mortality proportion associated with PT 

during the period of their study of 72% of all cases. The mortality rate was 38.9% in the group 

at high risk of PT (defined as “pooling goats with moderate and strong suspicion of PT”). 

Duehlmeier, Fluegge, Schwert and Ganter (2013) stated that even if treated intensively, 40% 

of the affected ewes die. According to Rook (2000), sheep and goat mortality rates from PT 

often exceed 80% in untreated animals; in Lima, Pascoal, Stilwell and Hjerpe‟s study (2012a), 

the case fatality rate was 86% even though kidding was induced or a cesarean section was 

performed and medical treatments administered. 

Pregnancy toxemia can occur due to several causes related to feed management such as 

inappropriate nutrition, food deprivation periods and changes in feed types, and general 

management procedures such as crutching and shearing. Thus it is crucial to identify the 

problem in order to control outbreaks and take adequate preventive measures (Radostits et al., 

2007). 

Primary PT is the most common manifestation in ewes and results in most flocks from a 

combination of a fall in the plane of nutrition during the latter half of pregnancy, often 

coupled with a short period of food deprivation in conjunction with a management procedure 

that causes stress to the late pregnant animals such as crutching, shearing, change of 

environment, or drenching (Radostits et al., 2007; Scott, 2007). 

In goats, primary PT can be related to a change in feed type and the feeding of moldy feed or 

feed contaminated with manure, which can also lead to decreased intake. Competition for 

inadequate trough space can also be important. Goats exhibit greater dominant/submissive 

characteristics than sheep and this can result in lower food intake in submissive goats 

(Radostits et al., 2007).  

Fat ewe/doe PT occurs without a stress induction in animals that are very well fed and are in 

an overfat condition in late pregnancy (Radostits et al., 2007). It is the most common 

manifestation of PT in dairy does in intensive systems. During this stage, particularly in 
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obese/overconditioned females, the abdominal space is filled with large omental fat stores and 

an ever-expanding uterus. Because of the lack of rumen space, these females have difficulty 

consuming enough feedstuff to satisfy the energy requirements (Sargison, 2007; Schoenian, 

2009; Pugh & Baird, 2012; Rowe, 2014), which increases their susceptibility to develop PT. 

According to Smith and Sherman (2009), the goat can be overfed until its massive internal fat 

stores plus the full uterus occupy so much of the abdominal cavity that dry matter intake is 

severely curtailed at a time when increased energy consumption is required; this description 

perfectly matches the image a clinician has when performing a necropsy in a overconditioned 

goat suspected of PT.  

Leptin, a hormone produced by adipose cells, may also contribute to a reduction in feed intake 

by decreasing the obese animal‟s appetite (Smith & Sherman, 2009).  

Body condition (BC) - degree of fleshing or fat/muscle reserves - is an important indicator of 

small ruminant‟s nutritional status and of the ability to withstand increased energy demands 

(Rowe, 2014). According to Smith and Sherman (2009), a system based on palpation and 

visual assessment of the animals has been developed specifically for dairy goats but is 

appropriate for all goat breeds. In this system, the body condition score (BCS) is an average 

of lumbar and sternal scores, each of which is divided into 0.25-point divisions, from 0 

(corresponding to an extreme emaciation of the animal) to 5 (corresponding to an 

accumulation of large amounts of fat). Different authors have different recommendations for 

BCS in small ruminants. For Rowe (2014), ideally does should dry-off and freshen with a 

BCS of 3.5 to 4.0. For Rook (2000), pregnant ewes and does maintained at a 2.5 to 3 BCS – 

until about 6 weeks prior to parturition – are in good condition to respond to appropriate 

energy-dense late gestation rations. Smith and Sherman (2009), citing Hervieu and Morand-

Fehr (1999)2,stated that the lumbar score for Alpines and Saanens in France averages 2.5 to 

2.75 at dry off, 2 to 2.25 at parturition, and 2.25 to 2.5 before the breeding season. The 

average sternal scores for the same time periods are 3 to 3.25, 2.5 to 2.75, and 2.75 to 3, 

respectively. The combined score should not drop by more than 0.5 points during the dry 

period. Under French intensive dairy goat conditions, the BCS should be more than 2.25 and 

less than 3.5 at dry-off, and more than 2.75 and less than 3.5 at parturition (Smith & Sherman, 

2009). Does with excessive body fat (4.5 or greater) have increased risk of hepatic lipidosis 

(fatty liver disease) as well as the reduced potential ruminal capacity (limiting feed intake) 

from accumulation of omental fat (Rowe, 2014). 

                                                           
2 Hervieu, J. & Morand-Fehr, P. (1999). Comment noter l‟état corporel des chèvres. La Chèvre, 231, 26–32.  
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Fat ewe/doe PT occur especially if diets are based on high water content feeds such as silage 

or root crops in the critical period for the development of the disease. Traditionally, a lack of 

exercise is also believed to predispose to this type of PT (Radostits et al., 2007). 

Fat ewe PT is a common problem for (1) small farm flocks, (2) beginning producers that are 

not aware of the animal‟s needs, and (3) systems where high-energy forages are fed ad libitum 

during early pregnancy (Rook, 2000). 

Starvation PT (thin ewe/doe PT) occurs in ewes and does with low fat stores (2.5 or below). 

These animals are at increased risk of clinical ketosis due to insufficient energy reserves to 

meet the late gestational mismatch between energy demands and dry matter intake (Rowe, 

2014). Although its relatively uncommonness, this is a concern in certain parts of the world, 

where late gestation occurs during the winter months, when less pasture is available and 

poorer-quality feedstuffs are offered, particularly in extensive management systems (Pugh & 

Baird, 2012). These lower BCS may reflect increased fat and protein catabolism which yield 

endogenous glucose precursors such as glycerol from fat depots and glucogenic amino acids 

from protein (Scott, Sargison, Penny, Pirie & Kelly, 1995). 

Secondary PT usually occurs as a sporadic disease (Radostits et al., 2007) in association with 

anorexia caused by other diseases (foot rot, ovine progressive pneumonia, caprine arthritis 

and encephalitis) (Pugh & Baird, 2012). Heavy worm infestation, e.g. with Haemonchus 

contortus, would add a similar drain on glucose and increase the chances of development of 

the disease (Radostits et al., 2007). According to Scott (2007), parasitism in sheep, in 

particular liver fluke infestation, causing depletion of body reserves may be an important 

factor leading to PT, although such chronic conditions most commonly result in chronic 

intrauterine growth retardation with consequent reduced energy demands of a small fetus(es). 

According to Radostits et al. (2007), stress-induced PT is the least common cause of the 

disease in ewes. Any sudden stresses like feed or weather changes (mostly severe weather, 

including cold, snow, heavy rainfall), predator attacks, hauling, close shepherding or housing 

of late-pregnant sheep of breeds not used to being housed, and transport in late-pregnancy can 

cause disease (Clarkson, 2000; Radostits et al., 2007; Roger, 2009) 

Pugh and Baird (2012) stated that whatever the initiating cause, a period of anorexia and lack 

of sufficient energy intake result in a negative energy balance (NEB). 

2.1 Physiopathology 

According to Henze, Bickhardt, Fuhrmann and Sallmann (1998), the high demand for energy 

in small ruminants pregnant with multiple fetuses towards the end of the pregnancy and 
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hormonal dysregulation of fat and carbohydrate metabolism have been considered as the most 

important pathogenetic factors leading to clinical ketosis. 

For Smith and Sherman (2009), goats are at risk of developing the metabolic condition termed 

“ketosis” at two stages: at the end of gestation (i.e. PT) and during early lactation (i.e. 

lactational ketosis). PT is typically more common than lactational ketosis, and occurs 

predominantly in “improved” breeds with high prolificacy (Smith & Sherman, 2009). 

Radostits et al. (2007) also affirmed that either in ewes or does, this disease is primarily seen 

in animals raised in intensive farming systems because the breeds used in these management 

systems are more likely to have a higher fecundity. In goats, it is not a disease expected to 

occur in native breeds carrying a single kid under extensive management conditions (Smith & 

Sherman, 2009). 

For Bergman (1993), ketosis and an associated hypoglycemia in ruminants occur most 

frequently in high-producing dairy cows (ketonemia) and in pregnant ewes and does 

(pregnancy toxemia). In all pregnant and lactating animals, in fact, there is a continuous 

withdrawal of metabolites, especially glucose and amino acids, by the fetuses and by the 

mammary gland. Fetal metabolism is more independently controlled and less susceptible than 

the mammary gland to changes in the maternal hormonal and metabolic environment. One of 

the differences between the disease in cattle and the disease in small ruminants is that the 

disease in cattle responds rapidly to treatment and is self-limiting but the disease in sheep and 

goats is highly fatal (Radostits et al., 2007). 

Ketosis of cattle and small ruminants are not identical diseases, as specified before, but they 

have at least three features in common: (1) a NEB due to high production or inadequate food 

consumption to meet the needs of the animal, (2) hypoglycemia and glycogen depletion and 

(3) an increased fat metabolism (Bergman, 1993; Barakat, Al-Bhanasawi, Elazhari & Bakhiet, 

2007).  

According to Marteniuk and Herdt (1988), PT appears to be related to the glucose demands of 

the fetal-placental unit. Glucose comprises 50 to 70% of total substrates oxidized by the fetus 

with 20 to 25% contributed by lactate, presumably derived from placental anaerobic 

glycolysis of maternal glucose; amino acids provide the remaining major metabolic fuel to the 

fetus (Bauman & Currie, 1980). Glucose is extracted from the maternal blood in proportion to 

the size of the uterus and conceptus (Marteniuk & Herdt, 1988), which helps to explain why 

ewes and does carrying multiple fetuses are more susceptible to develop the disease.  

During pregnancy, fetuses have a large glucose demand, as mentioned before, that needs to be 

met at the expense of the dam (Walters, 2010; Hefnawy, Shousha & Youssef, 2011). The 

fetal-placental uptake usually accounts for about 30 to 40 per cent of the maternal glucose 
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supply for Prior and Christenson (1978)3 cited by Marteniuk and Herdt (1988), and one-third 

for Hay, Sparks, Wilkening, Battaglia and Meschia (1983) in a study that didn‟t include twin 

gestations in ewes (where the uptake of maternal glucose by pregnant uterus is likely to be 

greater). The proportion appears to remain constant over various maternal glucose production 

rates (Hay et al., 1983). In fact, fetal metabolism seems to be characterized by an adaptation 

to a chronic state of hypoglycemia with impressive flexibility to redirect the use of nutrients 

to sustain the necessary high metabolic rate (Bauman & Currie, 1980). By the infusion of 

isotopically labeled glucose it has been calculated that normal sheep synthesize about 100g of 

glucose per day, but during late pregnancy this basal rate goes up to about 180g/day 

(Bergman, 1993).  

It is clear that if the fetal demand and the mother supply become unbalanced, which may 

occur easily if an inappropriate nutrition is given to the dam, females suffer from NEB- the 

rate of synthesis is too low to meet the needs, so hypoglycemia develops, and the animal 

becomes ketotic (Bergman, 1993). Under normal circumstances – if adequate feed is available 

and sudden stresses are avoided – maternal adjustments are adequate (Bergman, 1993) and 

glucose production by pregnant ewes is usually enough to meet the requirements of pregnancy 

(Marteniuk & Herdt, 1988). 

As the fetal-placental (and mammary gland) is (are) not subjected to insulin 

influence/regulation, a major mechanism by which the body regulates fuel partitioning and 

allocation, late-term gestation (and lactation) place exceptional stress on body‟s mechanisms 

of adaptation to NEB (Marteniuk & Herdt, 1988; Herdt, 2000). The utilization rate of glucose 

by the conceptus is large in relation to the glucose demands of the maternal organism and 

persists at a relatively high level even under conditions of maternal hypoglycemia (Hay et al., 

1983). 

In ruminants, a blood glucose concentration of 30-60 mg/dL is required for normal 

physiological processes. Below this amount, ketosis and clinical signs become evident 

(Bergman, 1993). 

All ruminants absorb very little dietary carbohydrate as glucose, since the carbohydrates are 

fermented in the rumen and glucose demands are met by gluconeogenesis, also called 

synthesis of glucose from nonhexose sources (Bergman, 1993; Clarkson, 2000; Herdt, 2000). 

In simple-stomached animals dietary carbohydrates such as starch and sucrose are sources of 

glucose. In roughage-fed ruminants, however, dietary carbohydrates, including cellulose, are 

fermented in the rumen to volatile fatty acids (VFA) (Bergman, 1993). The ruminant‟s 

                                                           
3 Prior, R.L & Christenson, R.K. (1978). Insulin and glucose effects on glucose metabolism in pregnant and nonpregnant ewes. J. Anim Sci, 

46, 201-210. 
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metabolism differs from that of the monogastric animals because of this evolutionary 

modification of the ruminant‟s stomach, which allows them to digest poorer feed sources, e.g. 

cellulose (Adewuyi, Gruys & van Eerdenburg, 2005). Acetic, propionic, and butyric acids are 

the most important VFA, but propionic acid is the only one that can be used for 

gluconeogenesis and it is the major source of glucose and glycogen in the ruminant (Bergman, 

1993; Herdt, 2000; McDonald et al., 2011). No fatty acids, including long-chain fatty acids 

from body adipose tissue, are able to support gluconeogenesis (Herdt, 2000). For Clarenburg 

(1992), propionate is produced in the rumen mainly from starch. Most of the gluconeogenesis 

occurs in the liver. There is a considerable variation in the estimates of the amount of glucose 

produced from propionate (Clarenburg, 1992; McDonald et al., 2011). The percentage of the 

total glucose formed from propionate varies with the diet. For Bergman (1993), it varies from 

a maximum of about 70 percent under heavy grain feeding to none at all during starvation. 

Clarenburg (1992) affirmed that propionate is the precursor of approximately 30-55% of 

glucose produced.  

For Clarenburg (1992) and Bergman (1993), the major precursors for gluconeogenesis are 

propionate, as mentioned before, and amino acids. According to Bergman (1993), amino acids 

account for a range of about 20 percent of the glucose synthesis in feeding ruminants to about 

50 percent during complete starvation. In periods of NEB, skeletal muscle proteins are 

mobilized to support gluconeogenesis, as muscle is the major protein reservoir in the body 

(Herdt, 2000). Clarenburg (1992) stated that estimates of the gluconeogenic potential of 

protein have varied widely between researchers and have ranged from as little as 1-2% of 

glucose produced from amino acids to as much as 70%. Both authors concluded that the 

contribution of amino acids to gluconeogenesis is dependent on the physiological state of the 

animal. Most amino acids are gluconeogenic, with lysine and leucine being exceptions 

(Clarenburg, 1992). However, according to Bergman (1993), alanine and glutamine are the 

main amino acids involved and account for over one-half of all amino acid glucogenicity. 

Aspartic acid is also highly glucogenic, but its blood concentration is too low to be 

significant. Alanine is absorbed in unusually large amounts from dietary sources and both 

alanine and glutamine are continuously formed from other amino acids in the muscles and 

then released to the blood and removed by the liver for glucose synthesis (Bergman, 1993).  

Less important glucose precursors are lactate and glycerol, substances that can be absorbed in 

appreciable amounts on grain and silage diets (Clarenburg, 1992), because little is produced 

during normal digestion (Bergman, 1993). During starvation, however, glycerol from 

mobilized body fat largely replaces propionate as an important glucogenic compound 

(Bergman, 1993; McDonald et al., 2011). 
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Lemosquet et al. (2002) suggested that the reduction of feed intake that occurs in a ketotic 

state clearly reduces the availability of important gluconeogenic substrates (e.g. propionic 

acid and amino acids). In fact, the supply of glucose precursors and the ability of the organs 

that synthesize glucose – liver, which produces about 85 per cent of the glucose in ruminants, 

and the kidneys that produce nearly all of the remainder – can be limiting factors for the 

animal‟s overall productivity and even for its survival (Bergman, 1993). 

When the supply of glucose precursors is high, glucose production can exceed metabolic 

demands, and excess glucose is stored in the liver as glycogen. During periods of high 

glucose demand, the liver can mobilize glucose from glycogen to support body needs (Herdt, 

2000).  

For Bergman (1993), the body‟s reserve of glucose and glycogen is limited, and in terms of 

calories it can sustain the animal for only a few hours. Herdt (2000) suggested that as the 

amount of glycogen stored in the liver is relatively small compared to the metabolic demands 

of the animal, glycogen reserves do not have a large effect on adaptation to NEB. Adipose 

tissue, on the other hand, serves as a vast storage depot for calories (Bergman, 1993, Herdt, 

2000). The major functions of adipose tissue can be summarized as follows: (1) synthesis of 

triglycerides, (2) storage of triglycerides, and (3) release of long-chain free fatty acids (FFA) 

or non-esterified fatty acids (NEFA) and glycerol into the blood. The quantity of NEFA in 

plasma is small but its turnover is extremely rapid, being of the order of two to three minutes 

(Bergman, 1993).  

Adipose tissue consists of triglyceride-filled cells known as adipocytes. Triglycerides are 

molecules consisting of three long-chain fatty acids esterified to a glycerol molecule. 

Breakdown of triglycerides consists of cleavage of the ester bond, resulting in the release of 

NEFA and glycerol. This process is known as lipolysis. The establishment or reestablishment 

of the ester bond results in synthesis or re-synthesis of triglycerides, process known as 

lipogenesis. Within adipocytes, both lipolysis and lipogenesis are continually occurring, 

creating a constant cycling of fatty acids from triglycerides to NEFA and back again. While 

present as NEFA, fatty acids are available for transport out of the cell and into the blood for 

use as energy by other tissues. The rate of NEFA release is regulated by the relative rates of 

lipogenesis and lipolysis; so, increased NEFA release can result from an increase in lipolysis 

or a decrease in lipogenesis (Herdt, 2000). Both of these processes are subject to a nervous 

and endocrine control (Clarenburg, 1992). 

During starvation, and especially during hypoglycemia, there is a decreased rate of glucose 

utilization which results in a decreased synthesis of triglycerides (Bergman, 1993). This 

decreased synthesis of triglycerides can be explained by glucose being the major precursor of 
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adipose glycerol. Glucose‟s presence increases glycerol availability and favors lipogenesis. 

As blood glucose concentrations diminish during NEB, NEFA mobilization from adipose 

tissue is stimulated because of the lack of a source of glycerol (Herdt, 2000). If hypoglycemia 

occurs, the first response is a reduced secretion of insulin, increased glucagon, and stimulation 

of the hypothalamus to increase the secretion of epinephrine. These mechanisms will increase 

glycogenolysis in the liver and also cause a mobilization of glycerol and NEFA from adipose 

tissue. Amino acid release from muscle is also stimulated, and thus additional glucose 

precursors become available for gluconeogenesis (Bergman, 1993). In addition, the pituitary 

gland increases its output of growth hormone (STH, somatotropic hormone) and 

adrenocorticotropic hormone (ACTH), trough cortisol, which increase the rate of mobilization 

of NEFA and glycerol from adipose tissues (Bergman, 1993; Moallem et al., 2011). 

Within the liver, NEFA can suffer: (1) complete oxidation to CO2; (2) partial oxidation to 

ketones; (3) reesterification to triglycerides. The major metabolic control point determining 

the conversion of NEFA to ketone bodies appears to be their transport into mitochondria, a 

step necessary for the production of ketone bodies. Being said that, NEFA that do not enter 

the mitochondria for oxidation or conversion to ketone bodies are reesterified to form 

triglycerides that need to be incorporated in very-low density lipoproteins to be removed from 

the liver. The lipoproteins are the major carriers of triglycerides in blood (Herdt, 2000). 

Ruminants are not efficient in transporting lipoproteins out of the liver and back to the 

adipose stores, which causes the overwhelming of liver‟s ability to handle this massive 

buildup, resulting in a fatty liver (Pugh & Baird, 2012). According to Bauchart, Gruffat and 

Durand (1996), there is a little very low density lipoprotein (VLDL) output in ruminant 

animals which explain the ruminant‟s liver low capacity to secrete VLDL efficiently. 

A representation of the adipose mobilization during NEB is present in Figure 1.  

 

 

Figure 1 – Adipose mobilization during NEB (adapted from Drackley, 1999). 

Glucose and NEFA availabilities play a large and interrelated role in influencing hepatic 

metabolism and systemic metabolism. To understand the relationship between glucose and 
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NEFA in the liver, it is important to remember that metabolic reactions within hepatocytes are 

separated into cytosolic and mitochondrial events. The Krebs cycle and ketogenesis occur 

only within the mitochondria. During periods of adequate glucose availability, glucose entry 

into the Krebs cycle is uninhibited, resulting in more glucose than needed for energy 

generation. Energy surplus results in a slowing of the Krebs cycle activity, resulting in 

intramitochondrial accumulation of intermediates, including citrate, the first intermediate in 

the cycle. Excess citrate is transported out of the mitochondria, where it is converted to 

malonyl coA, the first dedicated metabolite in fatty acid synthesis. Malonyl CoA specifically 

inhibits the activity of the enzyme carnitine palmityl transferase I (CPT I). This enzyme is 

necessary for the transport of NEFA into the mitochondria for ketone body synthesis. 

Consequently, NEFA transport into the mitochondria is reduced. This leads to reduced 

ketogenesis and increased esterification of NEFA, to form triglycerides (Herdt, 2000).  

In NEB, the supply of glucose and glucose precursors is limited and little glucose flows into 

the Krebs cycle, resulting in little or no citrate leaving the mitochondria for malonyl coA 

production. Low malonyl coA concentrations result in activation of CPT I, inducing rapid 

transport of NEFA into the mitochondria. Mitochondrial metabolism of NEFA stimulates the 

production of both glucose and ketone bodies (Herdt, 2000). 

A theory as how the complete oxidation of NEFA to CO2 is reduced involves oxaloacetate 

deficiency. Oxaloacetate plays a dual role in gluconeogenesis and the production of CO2 in 

the Krebs cycle. Oxaloacetate is needed to combine with acetyl-CoA for CO2 production and 

is involved in the metabolism of all glucose precursors except glycerol. Thus if oxaloacetate 

becomes deficient, a shift in the liver NEFA metabolism to that of ketogenesis (partial 

oxidation of NEFA to ketones) and fat formation (reesterification of NEFA to triglycerides) 

occurs. There are several hypotheses for hepatic oxaloacetate deficiency, but the most likely is 

that of precursor shortage - propionate, amino acids or lactate (Bergman, 1993).  

The first sequence of reactions in ketone body formation involves the activation of fatty acids, 

the transport of acyl-coA from the cytosol into the mitochondria, and the oxidative cleaveage 

of long chain acyl-CoA to acetyl-CoA in the process of β-oxidation. The conversion of acetyl-

coA to ketone bodies requires three more stages: condensation of two molecules of acetyl-

coA to form acetoacetyl-CoA, deacylation of acetoacetyl-CoA, and reduction of some of the 

resulting acetoacetate to hydroxybutyrate. Acetate can also be decarboxylated to acetone (Ac). 

This last ketone body –Ac- is not further metabolized but excreted through the kidneys and 

lungs, where it accounts for the characteristic sweet smell on the breath of ketotic animals 

(Clarenburg, 1992). 



13 

As mentioned before, all of those processes are subjected to nervous and endocrine regulation 

with a series of substances being involved. The roles of insulin, glucagon, epinephrine, STH, 

and ACTH were stated before but a further explanation is necessary. Insulin is the key 

metabolic hormone because both of its role in glucose and carbohydrate metabolism and its 

important effects on lipid metabolism. It increases glucose use by muscle tissue and decreases 

hepatic gluconeogenesis, resulting in declining blood glucose concentrations (Herdt, 2000). 

Debras et al. (1989) also suggested that insulin was effectively able to regulate hepatic 

glucose production at physiological plasma level in goats. When blood concentrations of 

glucose and propionic acid fall, as in NEB, so does the blood concentration of insulin. In 

adipose tissue, insulin stimulates lipogenesis and inhibits lipolysis, resulting in marked 

suppression of NEFA mobilization. In the liver, insulin results in reduced activity of CPT I, 

reducing NEFA transport into mitochondria and suppressing ketogenesis. Furthermore, 

insulin enhances the esterification of NEFA, resulting in increased triglyceride synthesis 

(Herdt, 2000). The liporegulatory circuit of insulin secretion is illustrated in Figure 2. 

 

Figure 2 – Feedback mechanisms in insulin-mediated control of adipose mobilization (Herdt, 2000). 

Glucagon is the primary counter-regulatory hormone to insulin. Its hepatic effect is to 

stimulate gluconeogenesis. In addition, it promotes activation of CPT I, stimulating NEFA 

entry into the mitochondria for ketone body synthesis. Epinephrine and norepinephrine are 

potent stimulator of lipolysis, resulting in marked release of NEFA into circulation. STH 

reduces lipogenesis, favoring NEFA mobilization. Its secretion is stimulated by hypoglycemia 

(Herdt, 2000).  

In eating non-pregnant and non-lactating ruminants, plasma concentrations of ketone bodies 

acetoacetic acid (AcAc) and BHBA are four to five times higher than in fed non-ruminants, 

indicating the greater metabolic importance for ruminant species of these ketone bodies. In 

normal fed ruminants, ketone bodies are released at about similar rates by the rumen 

epithelium (acetate and butyrate) during the absorption process and by the liver (from NEFA 
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and AcAc). In sheep during late gestation and early lactation, the rate of hepatic ketone body 

production usually increases four to five times (Harmeyer & Schlumbohm, 2006). During 

hypoglycemia and in fat mobilization, the ketone concentration will rise, usually above 0.5-

0.6 mmol/L (Bergman, 1993). Under conditions of an insufficient energy supply (starvation, 

etc.), alimentary ketogenesis decreases and the rate of hepatic ketogenesis from NEFA 

disproportionately increases (Kronfeld, 1972; Harmeyer & Schlumbohm, 2006). The liver 

becomes the main and eventually almost the sole ketogenic organ (Harmeyer & Schlumbohm, 

2006). 

During hyperketonemia, ketone bodies are readily oxidized serving as fuels for energy 

production, as described before (Harmeyer & Schlumbohm, 2006). Many peripheral tissues, 

like heart, skeletal muscle, kidney, non-fetal uterine tissues and the lactating mammary gland 

can gain large amounts of energy from oxidation of ketone bodies (Harmeyer & 

Schlumbohm, 2006). The ruminant‟s brain and the ruminant‟s fetus are not able to utilize 

ketone bodies (Bergman, 19714 cited by Harmeyer & Schlumbohm, 2006). 

Harmeyer and Schlumbohm‟s work (2006) showed that ewes carrying two lambs had 

significantly higher BHBA concentrations in late gestation and during early lactation than in 

the dry period. This was not the case for ewes bearing only one lamb, which allows inferring 

that the regulatory and metabolic stress in late gestating ewes bearing twins is 

disproportionately high. Moallem et al. (2011) affirmed that as the number of fetuses 

increases, the metabolic demands of the gravid uterus increase and thereby affect the profile 

of maternal plasma metabolites. These authors noticed that, e.g., plasma concentrations of 

BHBA and NEFA were, respectively, 3.7 and 2.1 times higher in ewes carrying four fetuses 

than in ewes carrying one fetus. 

The capability of the late gestating ewe in utilizing ketone bodies decreases, which appeared 

surprising since the late gestating ewe undoubtedly relies to a greater extent on ketone bodies 

to satisfy the energy needs than sheep during the early dry period. Theoretically, several 

hormonal and metabolic factors could be blamed for such an effect. Insulin and the influence 

of hypoinsulinemia is one possible candidate (Harmeyer& Schlumbohm, 2006). Henze et al. 

(1998), Harmeyer and Schlumbohm (2006) and Moallem et al. (2011) noticed that plasma 

insulin concentration in pregnant ewes is very low, in particular in twin-bearing ewes. 

Moallem‟s et al. (2011) work showed that plasma insulin concentrations were 5.1 times lower 

in ewes carrying four fetuses than in ewes carrying one fetus. The same authors also found 

that insulin concentrations during the week before lambing were extremely low. For 

Harmeyer and Schlumbohm (2006), low insulin concentration in blood reduces peripheral 

                                                           
4 Bergman, E.N. (1971). Hyperketonemia-ketogenesis and ketone body metabolism. J. Dairy Sci,54, 936-948. 
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utilization of ketone bodies, besides stimulating hepatic ketogenesis (as mentioned before). 

Another possible factor is the effect of hyperketonemia per se. It depresses hepatic 

ketogenesis and limits the metabolic clearance rate of ketone bodies. Additional studies will 

be required to further examine the underlying mechanisms involved in this reduction 

(Harmeyer & Schlumbohm, 2006). 

A reduced elimination rate of BHBA during late gestation in association with a high rate of 

hepatic ketogenesis will promote hyperketonemia and may facilitate development of PT. 

Hyperketonemia exerts several adverse metabolic effects, all probably directed at facilitating 

development of pregnancy ketosis. It aggravates hypoglycemia by inhibiting hepatic glucose 

production and increases NEB by inhibiting uptake and utilization of glucose by peripheral 

tissues. These effects on glucose metabolism occur, whilst sensitivity of the peripheral tissues 

to insulin is decreased and the demand of glucose by the feto-placental unit is markedly 

increased. The energy needs of peripheral tissues and the feto-placental unit may no longer be 

met, thus leading to an increased rate of lipolysis and a further increase in the rate of hepatic 

ketone body production (Harmeyer & Schlumbohm, 2006). Harmeyer and Schlumbohm 

(2006) believe that hyperketonemia not only represents a secondary disease sign but rather 

acts in a multifunctional way in promoting development of PT, for the reasons discussed 

above. Elevated concentrations of BHBA further suppress endogenous glucose production 

and exaggerate the development of ketosis and the negative feedback of hyperketonemia on 

glucose production can result in a vicious cycle (Radostits et al., 2007). The reduced ability of 

the late gestating multiparous female to utilize ketone bodies, as described before, seems to 

play a key role in the pathogenesis of this disorder, according to Harmeyer and Schlumbohm 

(2006). 

2.2 Clinical signs 

In the initial stages, affected animals separate themselves from the flock (Marteniuk & Herdt, 

1988; Scott et al., 1995; Henze et al., 1998; Clarkson, 2000; Bulgin, 2005; Stelletta et al., 

2008). The early signs are subtle and probably originate from decreased glucose utilization by 

the doe‟s brain (Smith & Sherman, 2009). In the initial stage, there is a decrease in appetite 

(Marteniuk & Herdt, 1988; Henze et al., 1998; Smith & Sherman, 2009; Brozos et al., 2011) 

but rumen motility is usually normal (Marteniuk & Herdt, 1988) and physical examination 

reveals a normal temperature, pulse, and respiratory rate (Marteniuk & Herdt, 1988). The goat 

may be slow to get up or may lie off in a corner and there is often a noticeable subcutaneous 

edema of the lower limbs (Smith & Sherman, 2009; Walters, 2010; Ajuda, Vieira & Stilwell, 
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2012; Lima et al., 2012a; Doré et al., 2015). A goat with swollen limbs can be seen in Figure 

3. 

 

Figure 3 – Comparison between a goat with swollen limbs (left) and a goat without swollen limbs (right). 

Animals at this stage of the disease often go undetected, unless the producer is a good 

observer or has already been sensitized to the existence of the disease by previously affected 

animals (Marteniuk & Herdt, 1988; Edmondson & Pugh, 2009) or by the veterinarian. The 

animal may refuse to eat, particularly concentrates, but may eat grass or hay, at least initially 

(Clarkson, 2000). 

As the disease progresses through its clinical course, animals become more depressed 

(Marteniuk & Herdt, 1988) and have difficulty raising themselves (Scott et al., 1995), or, 

eventually, are unable to rise (Marteniuk & Herdt, 1988). Teeth grinding and generalized 

weakness progress to more apparent neurologic abnormalities (blindness, loss of menace 

response, head pressing, star gazing, nystagmus, ataxia, tremors), then to coma in latter stages 

(Smith & Sherman, 2009; Walters, 2010). A goat showing star gazing can be observed in 

Figure 4. 

 

Figure 4 – Goat enrolled in the study showing star gazing. 

Matthews (1999) state that the nervous signs occur occasionally in goats and Wastney et al. 

(1983) says that an association between the neurological signs and the variations in blood 

chemistry has not been possible to establish. Lima et al. (2012a) state that the clinical signs 

most consistently found when a clinician performs a physical examination in a goat suspected 
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of PT are anorexia, ruminal atony, polypnea, drooped ears (Figure 5), a preference for 

recumbency with reluctance to stand or walk, subcutaneous edema of the limbs (Figure 3), 

inability to stand or walk, and neurological signs. 

 

Figure 5 – Goat enrolled in the study showing drooped ears. 

As metabolic acidosis develops, the animal may breathe more rapidly and in the terminal 

stages of PT, the doe becomes recumbent (Smith & Sherman, 2009). Fetal death occurs 

commonly and is followed by transient recovery of the ewe/doe but the toxemia caused by the 

decomposing fetus soon causes a relapse (Radostits et al., 2007; Sargison, 2008) and hasten 

the demise of the animal (Smith & Sherman, 2009). The improvement if the fetuses die is 

usually followed by even more profound depression, according to Andrews (1997) and 

eventually death, according to Bulgin (2005). Pulse and respiratory rates increase as 

endotoxic shock develops (Smith & Sherman, 2009). 

The ewes become recumbent after a day or two and show depression and complete disinterest 

in food or external stimuli (stuporous), leading to coma and death after a few days (Clarkson, 

2000; Sargison, 2008). According to Sargison (2007), untreated cases which progress to a 

state of recumbency are invariably fatal. For Bulgin (2005) and for Radostits et al. (2007), the 

clinical course is shorter in fat ewes with PT. According to Smith and Sherman (2009), the 

course of untreated disease in does varies from 12 hours to one week and in Lima‟s et al. 

study (2012a), 58% of the goats died within 24 hours and only one was still alive after 72 

hours (the study enrolled a total of 22 does). 

Goats with PT that do not die tend to have dystocias and higher kid mortality; they do not 

come to milk well and they are at high risk of developing lactational ketosis (Stelletta et al., 

2008; Smith & Sherman, 2009). It has been suggested that, at least in dairy cows, excessive 

fat deposition in the liver leads to a diminished hepatic macrophage function, which can 

increase the susceptibility of developing diseases like metritis and mastitis (Peek & Divers, 

2008). 
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It is also possible to use the clinical signs that the animals show as indicators of the prognosis. 

The clinical signs that have been mostly associated with a poor prognosis by several authors 

are recumbency, drooped ears and neurologic signs (Rook, 2000; Radostits et al., 2007; Smith 

& Sherman, 2009; Lima et al., 2012a; Pugh & Baird, 2012). 

2.3 Clinical pathology 

According to Marteniuk and Herdt (1988), Barakat et al. (2007) and Radostits et al. (2007), 

hyperketonemia, ketonuria and hypoglycemia are the most consistent findings in small 

ruminant PT. Elevated NEFA plasma concentrations also represents a typical feature of PT 

(Harmeyer & Schlumbohm, 2006). 

As said before, there are three major ketone bodies produced in the course of this disease: 

BHBA, AcAc, and Ac. BHBA is the most stable ketone in blood and represents 

approximately 85% of the total ketones in sheep with PT. With the advent of hand-held 

meters for testing human blood for BHBA and glucose, precise BHBA testing on farm has 

become possible. The test strips are inexpensive and the results obtained rapidly. Before, test 

strips and pills containing nitroprusside (Rothera Reagent) which turn purple in the presence 

of AcAc had to be used, but react minimally with Ac and BHBA; some food animal 

practitioners can detect an odor of ketones on the breath of ketotic animals and it was used 

before as a diagnostic aid (Guard, 1995; Smith & Sherman, 2009). It is because both AcAc 

and BHBA are strong acids that their accumulation in blood constitutes a form of acidosis, 

called ketoacidosis, as it was mentioned before (Clarenburg, 1992). 

Blood potassium and magnesium concentrations are normally reduced (Marteniuk & Herdt, 

1988; Edmondson & Pugh, 2009; Hefnawy et al., 2011). Lima et al. (2012a) observed that 

blood potassium values were below the reference range in all PT does in their study group 

(mean ± SD 2.7 ± 0.4 mmol/L).  

Blood sodium concentration can be significantly lower (Hefnawy et al., 2011) or it can be 

slightly reduced as Lima et al. (2012a) observed in their study where 17 out of 22 PT does 

had blood sodium values that were just slightly below the reference range (mean ± SD 138 ± 

4 mmol/L). According to Sargison (2007), prolonged urinary excretion of ketone bodies in 

ewes results in the loss of sodium and potassium ions, lowering the plasma alkali reserve. 

Several animals also show low blood carbon dioxide contents - partial pressure of carbon 

dioxide (pCO2) - pH, bicarbonate and BE, indicating a severe metabolic acidosis (Marteniuk 

& Herdt, 1988; Radostits et al., 2007; Lima et al., 2012a; Pugh & Baird, 2012).  

Lima et al. (2012a) observed that blood bicarbonate values were well below the reference 

range in all but one doe in the PT group (mean ± SD 9.7 ± 4.6 mmol/L) and that BE values 
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were far below the reference range in all PT does (mean ± SD -20 ± 7.4 mmol/L). Holm 

(1958)5 cited by Kronfeld (1972) reported a mean ± SD bicarbonate of 14 ± 1 mEq/L in 26 

affected ewes. The acidosis leads to hyperventilation and exacerbates the central nervous 

depression (Kronfeld, 1972; Sargison, 2007).  

As blood ketone levels rise and glucose falls, clinical signs manifest (Andrews, 1997). The 

onset of clinical signs is not related to minimum blood glucose or maximum ketone levels, 

however (Radostits et al., 2007). Henze et al. (1998) didn‟t find a difference in the degree of 

clinical signs nor in the survival rate between ewes with extreme hypoglycemia (around 20 

mg/dL) and those with normo or hyperglycemia.  

For Scott and Woodman (1993), this condition is confirmed biochemically by a marked 

increase in the blood concentration of BHBA and a corresponding decrease in blood glucose 

concentration. Both Scott‟s et al. work (1995) and Henze‟s et al. work (1998) confirmed a 

significant negative correlation between the blood BHBA concentration and the blood glucose 

concentration. Glucose values of 20-40 mg/dL of blood are common (Marteniuk & Herdt, 

1988). Unfortunately, BHBA reference values have not been established for goats, but values 

established for sheep can be used by default. Thus, BHBA values less than 1 mmol/L can be 

considered normal, values of 1.5 to 3 mmol/L can be considered indicative of severe 

undernutrition, and animals with PT often show a BHBA concentration greater than 3 mmol/L 

(Smith & Sherman, 2009).  

According to Radostits et al. (2007), hypoglycemia can be used as a diagnostic aid in the early 

stages of the disease but is of limited value later in the course of the disease as by the time 

that ewes become recumbent, blood glucose levels may be normal or grossly elevated. Henze 

et al. (1998) found that even on day one after the onset of clinical signs only 40% of the ewes 

were hypoglycemic, 40% were normoglycemic and 20% were hyperglycemic, resulting in a 

high variance of blood glucose values since the onset of clinical signs. Prolonged 

hypoglycemia leads to hyperactivity of the adrenal glands, with increased cortisol secretion, 

antagonism of the action of insulin and effective inhibition of glucose utilization (Sargison, 

2007). Cerebrospinal fluid (CSF) and plasma glucose concentrations of spontaneous PT cases, 

determined within 24 hours of the onset of clinical signs, were significantly lower compared 

to inappetent ewes and healthy ewes at a similar stage of gestation (Scott et al., 1995). 

The variable blood glucose concentrations may be related to the duration of clinical signs and 

the death of the fetuses (Kronfeld, 1972; Bulgin, 2005; Lima, Pascoal & Stilwell, 2012b) 

which appears to result in enhanced gluconeogenesis (Wastney et al., 1983), due to the 

suppressing effect of the fetus on hepatic gluconeogenesis (Radostits et al., 2007). 

                                                           
5 Holm, L.W. (1958). Cornell Vet, 48, 348. 
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The hyperglycemia indicates a frank loss of glucose homeostasis. Other contributing factors 

could include an inhibition of peripheral glucose utilization caused by high levels of 

circulating cortisol and an excessive rate of glucose production caused by the 

hyperglucagonemia after renal failure. A further common factor is the reduced uptake of 

glucose by the pregnant uterus, but the deletion of a site of utilization should not, by itself, 

cause both a loss of glucose homeostasis and a higher glucose production rate by hepatocytes 

(Wastney et al., 1983). 

Calcium blood concentrations may also be reduced (Marteniuk & Herdt, 1988; Hefnawy et 

al., 2011), although total calcium concentrations are usually above 6 mg per dL, which does 

not happen in primary hypocalcaemia, which is one of the differential diagnoses of PT 

(Marteniuk & Herdt, 1988). For Sargison (2007), about 20% of ewes with PT are also mildly 

hypocalcemic with serum calcium concentrations below 1.9 mmol/L. This is possibly 

associated with poor hydroxylation of vitamin D in ewes with severe hepatic fatty damage. 

Other laboratory tests are not commonly performed in field cases of PT (Smith & Sherman, 

2009). Nevertheless, elevated blood urea nitrogen (BUN) can indicate an higher than normal 

protein catabolism (Andrews, 1982), or in conjunction with creatinine concentrations, that are 

commonly above 2.25 mg per dL (Marteniuk & Herdt, 1988), may indicate a severe renal 

failure (Wastney et al., 1983).  

Blood cortisol levels are raised as a result of reduced hepatic metabolism as well as the 

hypoglycemia (there is a response of the adrenal glands to the low concentration of glucose in 

blood) and continuing stress levels (Andrews, 1997; Cal-Pereyra et al., 2015). For Ford 

(1990)6 cited by Radostits et al. (2007), elevation of plasma cortisol occurs in PT animals and 

concentrations above 10 mg/dL are indicative of the disease, but both PT and clinical 

hypocalcemia can cause sufficient stress to promote such an elevation. Cortisol-induced 

changes in the hemogram (neutrophilia, lymphopenia, eosinopenia) and evidence of 

dehydration (elevated hematocrit and total protein) can be expected (Smith & Sherman, 

2009). A nonspecific but marked neutrophilia may be found in some affected animals and is 

particularly dramatic in does (Smith, 1996). 

Other metabolic abnormalities may include hypophosphatemia, hypocholesterolemia, and 

increased activities of lactate dehydrogenase and alkaline phosphatase (Smith, 1996; 

Andrews, 1997; Rook, 2000). 

It should be remembered that even pregnant ewes in the last weeks of gestation that are not 

suffering from PT have a fatty liver, and the pathology of diseased ewes is an extreme form of 

                                                           
6 Ford, E.J.R. (1990). Br. Vet.J., 146, 539. 
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the normal situation. This fatty infiltration explains the abnormal liver function tests that are 

seen in the disease (Clarkson, 2000). 

2.4 Diagnosis 

According to Hefnawy et al. (2011), the diagnosis of PT in goats is based on the stage of 

gestation and physical signs. Marteniuk and Herdt (1988) also suggested the previous two, the 

presence of ketone bodies in urine, and the feeding and management history of the flock.  

For Clarkson (2000), a positive urine test for ketones is highly suggestive, while a negative 

test rules out PT. 

In Scott‟s et al. study (1995), the diagnosis was based on clinical findings and supported by a 

plasma BHBA concentration higher than 3 mmol/L. For the same authors, while clinical 

findings of depression, inappetence, central blindness in sheep are suggestive of PT, these 

clinical signs are not pathognomonic, which was the reason they also considered the BHBA 

concentration to establish the diagnosis.  

The BHBA levels that are considered as diagnostic value vary according to different authors. 

According to Lindsay and Pethick (1983)7cited by Cantley et al. (1991), affected animals are 

defined as those showing clinical signs and serum BHBA levels in excess of 2 mmol/L; most 

authors (Marteniuk & Herdt, 1988; Scott et al., 1995; Clarkson, 2000; Sargison, 2007; Smith 

& Sherman, 2009), however, specified a BHBA concentration greater than 3 mmol/L. Pugh 

and Baird (2012) suggested that blood concentrations of BHBA greater than 7 mmol/L are 

consistent with PT. 

2.5 Prognosis 

Some blood parameters have been used in sheep with PT as possible prognostic indexes such 

as fructosamine (Cantley, Ford & Heath, 1991), alkaline phosphatase (Sargison et al., 1994) 

and BHBA above 3 mmol/L (Scott & Woodman, 1993). Lima et al. (2012a), in a study with 

22 goats, showed the importance of blood pH as a laboratory-based prognostic indicator. In 

that authors‟ work, when the blood pH of the dam dropped below 7.12, the case fatality rate 

was 100%. Fructosamine is a stable ketoamine compound which is formed when glucose 

reacts non-enzymatically with protein amino groups. Its concentration in plasma or serum 

depends on the protein concentration, the average plasma glucose concentration and the rate 

of its turnover (Cantley et al., 1991). If protein concentrations are nearly constant, then the 

concentration of fructosamine is related to the plasma glucose concentration average over the 

                                                           
7 Lindsay, D.B. & Pethick, D.W. (1983). Dynamic biochemistry of animal production. Ed. P.M. Riis.Amsterdam:Elsevier. p 455. 
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preceding three to four weeks (Armbruster, 19878 cited by Cantley et al., 1991). Cantley‟s 

work (1991) showed that the clinically affected ewes had markedly lower serum fructosamine 

concentrations than the normal ewes, suggesting a persistent hypoglycemia. For Sargison 

(2007), serum fructosamine, however, does not take into account an individual ewe‟s ability 

to respond to hypoglycemia. In Sargison‟s et al. study (1994), ewes with elevated plasma 

alkaline phosphatase concentrations were slower to recover than ewes with normal plasma 

alkaline phosphatase concentrations. There was, however, no significant difference in the 

degree of fatty infiltration of the liver, as estimated from plasma alkaline phosphatase 

concentrations, between ewes which recovered and ewes which did not (Sargison et al., 

1994). Scott et al. (1995) suggested that the elevated serum BHBA concentrations may 

indicate that ewes experience severe undernutrition and, by implication, low plasma and CSF 

glucose concentrations for up to seven to ten days before clinical signs of PT are observed.  

It is also possible to use some clinical signs that the animals show as indicators of the 

prognosis, as mentioned before. 

2.6 Necropsy findings 

The gross post-mortem findings of PT are non-specific. Carcases are usually dehydrated 

(Sargison, 2007; Smith & Sherman, 2009), and animals are normally either very thin or very 

fat (Marteniuk & Herdt, 1988). The uterus usually contains one very large fetus, twins, or 

triplets (Marteniuk & Herdt, 1988; Andrews, 1997; Sargison, 2007; Smith & Sherman, 2009), 

but must commonly twins or a greater number of fetuses (Radostits et al., 2007). In Figure 6, 

it is possible to observe fetuses present in a uterus of a dairy goat suspected of PT that was 

enrolled in the study. If prepartum fetal death has occurred, the fetuses may be in varying 

stages of decomposition (Marteniuk & Herdt, 1988; Radostits et al., 2007; Smith & Sherman, 

2009). 

 

Figure 6 – Fetuses present in a uterus of a dairy goat suspected of PT. 

                                                           
8 Armbruster, D.A. (1987). Clinical Chemistry, 33, 2153. 
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Livers are fatty and characteristically enlarged, light yellow in color, friable, and greasy 

(Marteniuk & Herdt, 1988; Clarkson, 2000; Hindson & Winter, 2002; Radostits et al., 2007; 

Sargison, 2007; Smith & Sherman, 2009). For Andrews (1997), the liver color can vary from 

pale pink to bright orange-yellow and, in some cases, it will float in water. Bulgin (2005) also 

suggested the floatability of the liver in water. A picture of a liver of a PT goat of the study is 

in Figure 7. 

 

Figure 7 – Enlarged and pale liver in a dairy goat. 

Scott and Woodman (1993), Radostits et al. (2007), and Stelletta et al. (2008) state that there 

is fatty infiltration of the parenchymatous organs, particularly the liver and Radostits et al. 

(2007) classified this fatty degeneration as severe. For Clarkson (2000), there is also fatty 

infiltration of the kidney, which is pale yellow and friable as the liver. This yellow color 

occurs due to fat infiltration (Tontis & Zwahlen, 19879 cited by Smith & Sherman, 2009).  

The parenchymatous cells of the liver are distended with fatty globules, and it has been 

estimated that, in severe cases the fat content of the liver is 30% on a wet weight basis, which 

is the maximum amount of fat – a situation of triglyceride saturation – that can be contained 

within the liver cells (Clarkson, 2000; Sargison, 2007). Lima et al. (2015; unpublished data) 

found that the hepatocytes from 16 healthy, pregnant, non-lactating dairy goats and healthy, 

lactating, non-pregnant dairy goats in mid-lactation, contained few lipid vacuoles, while the 

hepatocytes of six PT dairy does, from which liver samples were collected at necropsy 

examination, contained a large number of lipid micro and macro-vacuoles. 

The adrenals may be hypertrophied (Clarkson, 2000; Sargison, 2007; Smith & Sherman, 

2009), pale or hyperemic (Clarkson, 2000; Sargison, 2007), possibly with hemorrhagic 

cortices (Andrews, 1997). 

If the bladder is filled with urine, it shows a strong ketone reaction (Clarkson & Winter, 1997; 

Smith & Sherman, 2009).  

                                                           
9 Tontis, A. & Zwahlen, R.(1987): Zur Graviditätstoxikose der kleinen Ruminanten mit besonderer Berücksichtigung der Pathomorphologie. 

Tierärztl. Prax., 15,25–29. 
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As pregnant ewes and in the last weeks of gestation show some degree of fatty liver change, 

as pointed out before, the diagnosis of PT cannot be based on gross post-mortem findings 

alone (Sargison, 2007). 

2.7 Treatment 

Treatment of PT involves increasing the energy and glucose supply to the animal and 

correcting secondary abnormalities such as acidosis and dehydration (Marteniuk & Herdt, 

1988).  

Treatment is often not successful, especially if the dam is recumbent (Marteniuk & Herdt, 

1988; Rook, 2000; Hindson & Winter, 2002; Radostits et al., 2007). After females become 

recumbent, treatment must be very aggressive (Pugh & Baird, 2012). According to Doré et al. 

(2015), there is a paucity of evidence concerning treatment efficacy in small ruminants with 

PT.  

According to Brozos et al. (2011), the treatment should be based on two general principles: 

(a) administration of energy sources and (b) removal of factors that increase energy 

requirements of affected animals. For Rook (2000), in field situations (versus in hospital 

situations), traditional therapy focuses on reversing the NEB, raising blood glucose levels, 

and stimulating the appetite. 

There is good evidence that the earlier treatment begins, the more successful it is likely to be 

(Clarkson, 2000; Sargison, 2007; Ismail, Al-Majali, Amireh & Al-Rawashdeh, 2008; Brozos 

et al. 2011; Lima et al., 2012a). The success of the treatment is dependent on detecting the 

condition early to ensure a quick return to a normal appetite (Andrews, 1997), as the reduced 

appetite leads to further reduction of the intake of nutrients, in turn precipitating the 

development of the disease and increasing morbidity. Often, even in cases of early instigation 

of treatment, it may still fail (Bulgin, 2005; Brozos et al., 2011). 

Correction of dehydration, electrolyte abnormalities, and metabolic acidosis should be 

attempted by appropriate fluid therapy (Marteniuk & Herdt, 1988; Guard, 1995). The erratic 

response to therapy observed by early investigators may have been a result of a failure to 

evaluate individual cases for these parameters (Marteniuk & Herdt, 1988), which makes blood 

chemistry and electrolyte analyses essential to treat the animal accordingly (Bulgin, 2005). 

If the individual is in the very early stage of disease and is still eating, increasing energy 

intake or the starch content of the ration may be all that is necessary (Marteniuk & Herdt, 

1988). In the earliest clinical form, the goat readily eats offered grain. Its diet should be 

improved to include better quality roughage in a small amount of feedstuffs as the animal‟s 
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appetite is reduced (Smith & Sherman, 2009; Ajuda et al., 2012) and increased concentrates 

(Smith & Sherman, 2009). 

Frequently, affected animals will still eat but will not seek out food; hand feeding such 

animals is beneficial (Marteniuk & Herdt, 1988) or encourage them to do it (Andrews, 1997). 

It may also be beneficial to move the affected animals to a facility where they don‟t have to 

compete for food with others (Rook, 2000; Ajuda et al., 2012). 

Various treatments, such as dosing with glycerol, glucose, propylene glycol, ACTH, synthetic 

glucocorticoids or anabolic steroids have been advocated. According to Buswell, Haddy and 

Bywater (1986), most of the treatments produce a rise in blood glucose and are, to varying 

degrees, useful in the treatment of the disease. 

If the individual is unwilling to eat or rise, the prognosis is guarded (Smith & Sherman, 2009) 

and if it is not eating or eating poorly, vigorous treatment is necessary (Marteniuk & Herdt, 

1988). 

Parenteral injections of hypertonic glucose solutions given once or twice as the sole treatment 

have generally yielded poor results and, in many cases, have appeared to hasten death 

(Thomson, 195610 cited by Marteniuk & Herdt, 1988). It probably exacerbates the 

hemoconcentration and is poorly utilized unless insulin is given (Kronfeld, 1972). Others 

have observed therapeutic success with frequent intravenous administration of glucose in 

cases of PT (Andrews, 1982). The same author considered, however, that the successful 

outcome in their study might be due to the combination of intravenous glucose and propylene 

glycol, instead of administering just glucose. Other authors, however, considered ineffective 

the use of glucose by subcutaneous and intravenous routes. Lima et al. (2012a) suggests that it 

is interesting that intravenous administration of 5% glucose solution (500 mL) was not 

beneficial. According to Pugh and Baird (2012), the explanation for the ineffectiveness may 

be that the frequent administration of a 50% dextrose solution (100 a 250 mL) may result in a 

rebound hypoglycemia. Rook (2000) state that because of availability and convenience of 

syringe administration, food animal practitioners commonly choose intravenous 

administration of 120 mL of a 50% dextrose solution; however, lower concentrations of 

intravenous dextrose – 20% or 10% dextrose solutions- may enable the dam to better use the 

product. Henze et al. (1998) questioned the therapeutic effect of the intravenous glucose 

infusion because the survival rate was independent of the plasma concentration of glucose in 

their study; furthermore, the short time increase in plasma concentration of glucose was 

followed by a decrease below the initial values within six hours after treatment, which may 

have been caused by depressing effect of glucose infusion on hepatic glucose production, 

                                                           
10 Thomson, G.G.(1956). Observations of some treatments of ovine pregnancy toxemia. NZ Vet.J.,4, 136. 
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according to Freetly and Klindt11 (1996) cited by Henze et al. (1998). For Bulgin (2005), 

constant drip 5% intravenous glucose is ideal but may not be practical and for Rook (2000), in 

valuable individuals, the treatment might involve the placement of an indwelling intravenous 

catheter for administration of appropriate electrolyte fluids with 5 to 7g of glucose 

administered intravenously every three to four hours. This treatment is often economically 

unfeasible for most producers. If the goat is breathing rapidly, acidosis is likely and 

intravenous therapy should be extended to 3 to 4 liters of fluid including 15g or more of 

sodium bicarbonate (Smith & Sherman, 2009).  

Various combinations of glucose precursors, hormones, and electrolytes have also been used 

in the therapy of PT. Propylene glycol or glycerol can be used as the sole treatment in mild 

cases or can be used as a supplement to more aggressive therapy in severe cases (Marteniuk & 

Herdt, 1988). According to Rook (2000), more intensive on-the-farm treatment of ewes and 

does generally includes two to four times daily oral drenching with 100 to 200 mL of 

propylene glycol. Other investigators recommend 60 mL twice daily (Brozos et al., 2011) or 

60 mL two or three times daily (as a glucose precursor) (Smith & Sherman, 2009), which is 

considered less likely to cause side effects (Brozos et al., 2011). Pugh and Baird (2012) 

suggested a dosage of propylene glycol of 15 to 30 mL twice daily. According to Brozos et al. 

(2011), a better approach would be to start treatment with two doses, each 150 to 200 mL, on 

the first day, thereafter reducing it to 60 mL per dose. The regime should be followed for up 

to six days, depending on the improvement of the animal‟s condition. In accordance with 

Bulgin (2005), many small doses of propylene glycol (10 mL) given every two hours over the 

course of the day is preferable to one or two doses of no more than 30 mL per treatment BID 

or TID. For Smith and Sherman (2009), although some authors suggest as much as 175 to 250 

mL of propylene glycol twice a day, this dosage seems excessive and likely to overwhelm the 

ability of the rumen flora of an already sick goat to digest it. Overdoses of propylene glycol 

can be fatal, creating plasma hyperosmolality that impairs neurologic function (Smith & 

Sherman, 2009). The use of oral propylene glycol may allow glucose to enter the animal after 

the effect of intravenous glucose has worn off (Andrews, 1982). Brozos et al. (2011) 

recommended a glycerol dose of 60 mL/animal, twice daily for three to six days. Buswell et 

al. (1986) concluded that the plasma concentrations of glucose achieved after the 

recommended dose of glycerol were similar to those found with glucose alone, but the 

elevated blood glucose level was maintained for a longer period. According to Radostits et al. 

(2007), the use of propylene glycol or glycerine alone has given excellent results for some 

                                                           
11 Freetly, H.C.& Klindt, J. (1996). Changes in gut and liver glucose, lactate, insulin, and oxygen flux in mature ewes during mesenteric or 

abdominal vena cava glucose infusion. J.Nutr.,1996, 924-932. 
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workers and, however, poor results for others. Sodium propionate, liquid molasses, sodium 

lactate, or ammonium lactate may also be used as glucose sources, but they are not 

metabolized as quickly as propylene glycol. High doses of all these substances can disrupt 

normal function of the animal‟s ruminal flora, as said before, thus predisposing to ruminal 

acidosis (Brozos et al., 2011).  

For Marteniuk and Herdt (1988), frequent treatment of cases of early pregnancy disease with 

relatively small doses of glucose appears to be the most beneficial form of therapy. Oral 

administration of small amounts of glucose can affect blood glucose concentrations, very 

reasonable rates of recovery from PT were reported with this therapy. 

Oral rehydration solutions use the active absorption process in the small intestine to cause a 

rapid co-transport of water, glucose and sodium. These are helpful in the treatment of 

dehydration where the major deficit is of water and sodium. It seems possible, therefore, in 

ketosis, in which the deficit is glucose, that a response to oral treatment with concentrated oral 

rehydration solution might be expected to cause a rapid uptake of glucose from the intestine 

(Buswell et al., 1986). Radostits et al. (2007) reported success with oral drenching, every four 

to eight hours, of 160 mL of a solution containing 45g glucose, 8.5g sodium chloride, 6.17g 

glycine and electrolytes, which is available commercially as a concentrated oral rehydration 

solution for calves with diarrhea. For Bulgin (2005), these calf electrolytes for neonatal 

diarrhea made up according to directions and given orally BID for the first day will fight 

acidosis and dehydration. In Buswell‟s et al. work (1986), the plasma concentrations of 

glucose after dosing with 160 mL of the concentrated oral rehydration solution were 

significantly higher than when an equivalent weight of glucose was dosed in water; the results 

of this trial showed that 68 per cent of ewes treated with the concentrated oral rehydration 

solution recovered completely. When these oral solutions are administered to sucking lambs 

or calves, closure of the esophageal groove causes their deposition in the abomasum and 

quick absorption in the small intestine (Sargison, 2007). However, Sargison (2007) also stated 

that when administered to adult sheep, these solutions are mostly deposited into the reticulum-

rumen, where the glucose is rapidly metabolized by the microflora; it is therefore doubtful 

that significant amounts of glucose are rapidly absorbed following treatment with these 

solutions for this author. For Rook (2000), the elevation of blood glucose levels higher than 

when propylene glycol is drenched may be explained by the fact that hepatic generation of 

glucose, required for the use of propylene glycol, is compromised by poor liver function in 

animals affected with PT. 



28 

Insulin has been used in conjunction with other treatments to reduce ketogenesis and fatty 

acid mobilization (Hallford & Sanson, 198312 cited by Marteniuk & Herdt, 1988). For 

Andrews (1997), insulin injections can also aid cellular uptake of glucose which is found 

beneficial by some clinicians. According to Brozos et al. (2011), administration of insulin 

(intramuscular administration of protamine zinc insulin, 20-40 IU/animal daily, every two 

days until recovery) restores glucose uptake and has been suggested as an adjunct to the 

energy treatments described before. In Henze‟s et al. study (1998), treatment with insulin (0.4 

IU/kg BW of insulin, injected SC once daily) in addition to an oral treatment consisting of 

12.5g sodium propionate, 12.5g calcium lactate, 7.5g potassium chloride, dissolved in 250 ml 

of water twice daily showed a significantly higher survival rate (86.7%) compared with the 

same oral treatment alone (survival rate of 62.7%). Insulin is, however, uneconomic 

(Sargison, 2007) and its use would be justified only in animals of high reproductive value 

(Brozos et al., 2011). 

Vitamins B, particularly cyanocobalamin (vitamin B12) and biotin (vitamin B8), can be given 

to provide some of the necessary precursors for the liver to produce glucose but also to 

stimulate the appetite (Smith, 1996; Schoenian, 2009; Pugh & Baird, 2012). Thiamine 

(vitamin B1) may help preserve brain function (Bulgin, 2005). According to Smith and 

Sherman (2009), in the US there is a commercial product that contains niacin (vitamin B3) as 

well as propylene glycol that can be used in the treatment of PT in goats. 

The addition of lasalocid (0.5 to 1 mg/kg/day) or monensin (1 mg/kg/day) to the feed or 

mineral mixture enhances the formation of the glucose precursor propionic acid and improves 

the efficiency of feed use. However, monensin should be used with caution because toxicity 

may occur. Supplementation with these products should begin two to four weeks before the 

females give birth (Pugh & Baird, 2012).  

Corticosteroids, administered by injection or orally, have been used both to assist in 

gluconeogenesis, producing a euphoric state and increased appetite, and to trigger abortion; 

however, they are often unsuccessful for the latter, possibly because there are already high 

endogenous cortisol levels (Andrews, 1997; Henze et al, 1998; Sargison, 2007). Sargison 

(2007) suggested that the high endogenous cortisol levels may desensitize the animals to any 

drug-induced rise in corticosteroid concentrations. Radostits et al. (2007) pointed out that as 

standard doses of these drugs have little therapeutic effect in sheep, the treatment with them is 

not recommended although they are commonly used. Very large doses are effective in sheep 

that are still able to stand but the success probably rests in the removal of the glucose drain by 

the induction of premature parturition and not specifically in the other effects of its action. 
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Although not currently approved for use in Europe, treatment with recombinant bovine 

somatotrophin (rBST) (0.15 mg/kg BW, SC) in conjunction with dextrose and electrolytes 

may result in a shorter duration of treatment, improve ewe survival and result in a greater 

viability of lambs born (Radostits et al., 2007). Brozos et al. (2011) also suggested that the 

administration of rBST has been show to be of some benefit. It appears to improve the 

efficiency of glucose and ketone body usage at cellular level, thereby reducing mortality of 

both ewes and does and the fetuses (Andrews, 1997).  

An alternative approach to the treatment involves removing the fetal glucose demands 

(Marteniuk & Herdt, 1988; Radostits et al., 2007; Sargison, 2007). Cesarean section or 

induction of parturition may be successful in reversing the signs of PT, provided that the 

animal is not in renal failure, and that dehydration, metabolic acidosis, and serum electrolyte 

concentration disturbances have been corrected (Marteniuk & Herdt, 1988) or were not severe 

enough at the time the animal was primarily seen as the disease were in its early stages 

(Bulgin, 2005). Guard (1995) affirmed that the intervention to prevent irreversible hepatic 

lipidosis and hepatic failure in cows with ketosis of pregnancy needs to be more rapid than the 

intervention in lactational ketosis and also that it may require the induction of parturition or 

surgical delivery of the calves. When females become recumbent, removal of fetuses is 

crucial (Pugh & Baird, 2012), but the female‟s chance of survival is low (Radostits et al., 

2007), even with surgery and extensive fluid therapy (Smith & Sherman, 2009). For Radostits 

et al. (2007), provided that the animal is at the early stages of the disease, removal of the 

lambs or kids by cesarean section is probably the therapy that has the greatest success rate for 

both the female and the fetuses. This greatest success rate is explained by the immediate 

removal of the demand for glucose by the fetuses (Radostits et al., 2007; Sargison, 2007), not 

allowing the condition to deteriorate as it may happen when induction of parturition is the 

choice. If a valuable goat is down and very depressed or has failed to improve by the day after 

initiation of treatment, then a cesarean section should be performed immediately as it is 

necessary to note that severely toxemic animals do not kid rapidly or dependably after 

receiving hormones (Smith & Sherman, 2009). For Brozos et al. (2011), in ewes and does at 

early stage of the disease, it is possible to attempt induction of parturition for removal of 

fetus(es); when they are at advanced stages of the disease, removal of fetus(es) should be 

performed by cesarean section. In Lima„s et al. study (2012a), the decision between induction 

of parturition or performing a cesarean section was taken based on the blood pH values. When 

the pH dropped below 7.12, euthanasia or cesarean section were indicated (the case fatality 

rate was 100% in these cases); when the pH was between 7.12 and 7.20, the authors 

recommended performing a cesarean as soon as possible. Based on what is presently known, 
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when the blood pH was above 7.20, the cesarean section appears to have little advantage over 

the pharmacologic induction of kidding, in respect to the survival rates likely to be obtained. 

The authors suggested, however, that these recommendations are based on experiences with a 

relatively limited number of cases, and are subject to future revisions, as more case studies 

become available for analysis. Induction of parturition can be attempted in ewes after the 

140
th

 day and in does after the 143
rd

 day of gestation without compromising fetal 

development.  

Various protocols have been proposed for induction of parturition in small ruminants (Brozos 

et al., 2011). Pugh and Baird (2012) suggested the administration of 2.5 to 10 mg of 

prostaglandin F2α (PGF2α) or 0.75 µg/45 kg of cloprostenol in does and 15 to 20 mg of 

dexamethasone in ewes. Brozos et al. (2011) suggested the administration of 15 to 20 mg of 

dexamethasone (ewes/does), 10 mg of betamethasone (ewes), or 2.5 mg flumethasone 

(ewes/does) as the most appropriated scheme. As said before, in toxemic ewes and does, 

endogenous concentrations of corticosteroids may be increased (Sargison, 2007); 

simultaneous administration of 0.0375 mg of cloprostenol in ewes or 15 mg of PGF2α in does 

possibly increases the efficacy of the regime. Smith and Sherman (2009) stated that if the goat 

is known to be within one week of its due date, hormonal induction of parturition with 10 mg 

of PGF2α will end the energy drain to the fetuses; if the due date is uncertain and the owner 

desires to save doe and kids, 20 to 25 mg of dexamethasone may be preferred for its 

gluconeogenic effects and beneficial stimulus to appetite. Dexamethasone has also an effect 

on the preparation of the lungs of marginally immature kids and thereby increases their 

chances of surviving. Its use requires a live fetus, and slaughter or euthanasia may be more 

appropriate in commercial situations if the kids are already dead (Smith & Sherman, 2009). 

According to Radostits et al. (2007) and Sargison (2007), the lambs or kids will be delivered 

no earlier than 36 hours after therapy and often later; Smith and Sherman (2009) stated that 

late gestation fetuses are born in approximately 48 hours after corticosteroid administration, 

while more immature fetuses are not always aborted but may instead be carried to term 

successfully if the doe responds to medical treatment. Aurich and Aurich (1994)13 cited by 

Brozos et al. (2011) outlined that the induction of parturition leads to parturition of does 

within 48 to 72 hours. For Ingoldby and Jackson (2001), parturition of ewes occurs within 40 

to 45 (±10-15) hours. Giving the ewe or doe medical support (fluids, vitamins B, glucose) 

while waiting for the parturition is a useful protocol in some cases.  

If the animal is not critically ill or of its value does not warrant surgery, parturition should be 

induced (Radostits et al., 2007).  

                                                           
13 Aurich, J.E. & Aurich, C. (1994). Induction of parturition in domestic animals. Prakt Tierarzt, 75, 742-746. 
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Flocks that experience PT have a significantly higher than normal mortality in neonatal 

lambs/kids (Radostits et al., 2007). Newborn lambs/kids from ewes/does with PT require 

normally increased care. These animals usually have a suboptimal birth weight, are stressed, 

and may be premature (Brozos et al., 2011). 

2.8 Prevention 

According to Marteniuk and Herdt (1988), preventive measures are fairly simple and very 

effective but require an understanding of the nutrient requirements of ewes and does 

throughout the cycle of gestation and lactation. Animals should be fed to meet their energy 

and protein requirements as nearly as possible in all stages of the reproductive cycle. For 

Andrews (1997), the control of the disease relies on close attention to nutrition, from as early 

on as one month before mating. For Pugh and Baird (2012), maintaining animals in proper 

BC throughout the year and making sure energy and protein levels are adequate in late 

gestation are the two key preventive measures. For Smith and Sherman (2009), with proper 

management and nutrition, even a doe carrying quadruplets can remain clinically healthy.  

Prior to breeding and in early gestation, care should be taken not to fatten animals excessively 

as fat ewes and does appear more prone to PT, as mentioned before. If animals become overly 

fat prior to breeding, BC can be reduced by feeding energy-restricted diets during the first 

eight weeks of gestation, but care should be taken to provide adequate energy after the tenth 

week of gestation (Marteniuk & Herdt, 1988). Radostits et al. (2007) also suggested that if 

necessary, ewes with higher BCS at the end of the first month of pregnancy can be fed to lose 

0.5 condition score during the period to the third month of pregnancy without any significant 

effect on the ewe or lamb size or viability. If goats are already obese when the last trimester is 

reached, it is too late to propose a weight-reducing diet; that‟s why it is crucial not to fatten 

them excessively before (Smith & Sherman, 2009). Their level of ingestion then decreases 

dramatically before parturition. Rumen acidosis from energy-rich silage or total mixed ration 

(TMR) may contribute to the development of PT (Smith & Sherman, 2009). 

The last two months of gestation are particularly important in the prevention of PT. During 

this period, the ewe should gain an increase of BW of 10% for ewes with single lambs and 

18% in ewes carrying twins. For the flock, this represents a flock BCS that maintains or gains 

to 3.0-3.5 during this period. Higher BCS can result in higher birth weight of lambs but these 

is not economical viable and the standard commercial flock runs the risk of fat ewe PT with 

targeted BCS (Radostits et al., 2007). 

At the beginning of the fourth month of pregnancy, the flock can be conditioned scored and 

divided into three groups: those with acceptable BCS, those with sub-optimal BCS and those 
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that are fat and the groups fed accordingly. Response should be evaluated by condition 

scoring at two weekly intervals through the last two months of pregnancy. Maiden ewes 

should be fed as a separate group in order to provide the requirements for growth in addition 

to the requirements for pregnancy (Radostits et al., 2007). For Sargison (2007), separation of 

ewes into different feeding groups based on the results of real-time ultrasound scanning, keel 

marks to predict lambing dates, parity, and BCS can serve to ensure adequate nutrition during 

late pregnancy. This grouping helps improve feeding appropriate to the needs of each group, 

and avoids wasteful overfeeding to animals bearing one fetus or to animals in early pregnancy 

(Rook, 2000; Sargison, 2007). For Brozos et al. (2011), both pregnant ewes and does should 

be grouped, according to (a) their BCS and (b) the stage of pregnancy. If this is not possible, 

however, then high-energy supplementary feed should be provided to all pregnant animals on 

the farm (Rook, 2000; Brozos et al., 2011). For Smith and Sherman (2009), if fetal numbers 

have been determined, the goats can be grouped and fed according to litter size. Goats 

carrying three or more fetuses should receive the best quality roughage available in addition 

to adequate concentrate. For Moallem et al. (2011), appropriate nutritional strategies should 

be developed for ewes that conceive more than three fetuses, to meet the increased nutritional 

requirements of the fetoplacental unit. 

It is important to understand that the energy requirements increase in all gestations, mostly the 

ones of twins or triplets, as mentioned before. Having this in mind, ultrasonography can help 

identify females with multiple fetuses and these animals can be separated into groups and fed 

accordingly (Radostits et al., 2007; Sargison, 2007; Pugh & Baird, 2012). If ultrasonography 

is not available, the knowledge about the breeds can be taken into account and the entire flock 

may benefit from a late gestation good management of feedstuffs with the entire flock being 

fed for the higher level of production – multiple fetuses (Rook, 2000). 

For Pugh and Baird (2012), ewes and does should be offered 0.5 to 1 kg of grain (corn, oats, 

barley, or a combination) every day during the final months of gestation. For Radostits et al. 

(2007), during the last six weeks, ewes should receive a provision of cereal grain or a 

concentrate containing 10% protein at the rate of 0.25 kg/d, increasing to 1 kg/d in the last 

two weeks. Rook (2000) also suggested 0.25 kg/head/d at least four weeks prior to the first 

projected parturition date and gradually increase to about 0.75 kg/head/d at about two weeks 

before parturition date for ewes (the guidelines assume a 70 kg ewe, pregnant with twins; 

dairy goats often have additional concurrent lactation requirements based on the level of 

production). For Bulgin (2005), multiparous ewes should be fed with good quality fine-

stemmed hay and they should receive at least ¼ pound (around 115g) of concentrate per fetus 

per day. For Stelletta et al. (2008), the recommendation for pregnant goats would be to feed 
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high-quality hay and at least 500g of concentrate per head per day. When goats are obese at 

the last trimester of pregnancy, they must be fed high quality roughage and as much as 500g 

of concentrate daily (Smith & Sherman, 2009), as the ingestion of poor-quality feedstuffs or 

rations that are not enough energy-dense at this point may increase the chances of developing 

PT in these animals. 

Ewes and does should be watched closely in late gestation, and any individuals losing weight 

should receive additional nutritional supplementation. Exercise has also been reported to 

reduce the occurrence of PT. Exercise can be enforced by placing feeders so that animals 

must walk from the barn to the feeding area (Marteniuk & Herdt, 1988). Forced exercise by 

enlarging the distance between feed and water will use some of the excess NEFA being 

helpful (Bulgin, 2005). For Smith and Sherman (2009), the goats should have access to 

outdoor exercise areas for at least two to three hours per day. 

When feeding sheep or goats, extra care needs to be taken for those ewes and does who are 

timid and for this, or other reasons, slow feeders. If supplementary feeding is practiced in a 

confined space, with insufficient trough space for all the flock to eat at one time, and if the 

feed fed is in small amounts and highly edible, a proportion of ewes/does will get little or no 

feed (Marteniuk & Herdt, 1988). Timid does and slow eaters should be housed separately 

from dominant, aggressive animals that might drive them away from the feeder (Smith & 

Sherman, 2009). Other options, according to Ajuda et al. (2012), are increasing the amount of 

feeding (care should be taken with this option or the dominant animals may eat more than 

they need), increasing the feeding space or decreasing the general animal density in the pen.  

As affirmed before, from the initial stages of the disease, a noticeable subcutaneous edema of 

the lower limbs can be seen in goats. These animals normally separate themselves from the 

flock and may lie off in a corner. Care should be taken to hand feed these animals (Marteniuk 

& Herdt, 1988) or encourage them to eat (Andrews, 1997), as mentioned before. 

Any conditions that disturb the comfort of the goat, such as poor ventilation, or drafts, should 

be corrected. This means that the stall should be dry, well-bedded, and uncrowded (Smith & 

Sherman, 2009; Ajuda et al., 2012). 

According to Marteniuk and Herdt (1988) and to Rook (2000), PT should be considered a 

flock problem. It is, therefore, necessary to take appropriate measures for the clinically 

healthy animals at the time of attending any ill animals (Brozos et al., 2011). Risk factors, 

both at individual level (e.g. age, poor teeth, lameness, or other disease) and at flock level 

(e.g. feeder space, protection from inclement weather, poor quality forage, and so forth) 

should be evaluated at that point (Brozos et al., 2011). When one doe develops PT, the diet of 

the rest of the flock must be evaluated and corrected as necessary (Smith & Sherman, 2009). 
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Parasites, foot rot, and other diseases must be treated immediately to reduce stress (Marteniuk 

& Herdt, 1988). For Pugh and Baird (2012), the prevention of these diseases that may further 

increase energy demands or cause anorexia (e.g. intestinal parasitism, foot rot, among others) 

is crucial.  
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3 MATERIALS AND METHODS 

3.1 General characterization of the farm 

This study was done on a 1800-head dairy goat farm – “Barão & Barão Lda, Empresa Agro-

Pecuária Lda”, located 40 kilometers, northeast of Lisbon, Portugal in Coutada Velha, 

Benavente. This farm has both an intensive dairy cattle system and an intensive dairy goat 

system, with the income being both from cow and goat milk production and also from the by-

products of these two activities – kids and calves that are sold for meat production essentially. 

3.2 Characterization of animals, housing and general management system 

The animal stock includes approximately 1000 goats milked twice daily (which includes goats 

in the end of pregnancy that continue to produce milk – above 0.5L), dry goats which are in 

the last month of pregnancy, males which are used in the reproduction protocol, and kids that 

are being raised to replace the milking goats or that will be sold to meat or reproduction 

proposes. Daily milk production in this flock average approximately 3 L/doe. The average 

number of kids per doe was 1.8 in 2014. Machine milking is performed twice daily. The 

percentage of continuous lactations is around 15 each year. 

The animals are of two breeds: Alpine (approximately 800 animals) and Saanen 

(approximately 800 animals), with some animals being crosses of these two breeds 

(approximately 200 animals). 

All goats are continuously housed and all adult lactating goats have access to straw bedded 

pens. The animals are divided according to the period of the production cycle and the milk 

production level - high-producing goats, low-production goats and dry goats. High-producing 

goats are defined as animals producing more than 2.5L of milk/day; low-production goats are 

the ones producing between 0.5 and 2.5L of milk/day and dry-goats are the ones that produce 

less than 0.5L of milk/day (these animals may be close to kidding or they can be animals that 

have stopped producing more milk for some other reason). This is a dynamic system which 

means that the animals can be moved to another pen according to the needs of the farm or any 

change that occurred in the production or health of the animal. 

3.3 Characterization of the reproductive system and of the feeding system 

There are three kidding seasons per year, in January, April and September, beginning each on 

the first day of the month and continuing for 45 days. These kidding seasons were defined 

according to the reproductive characteristics of the goats and especially according to the 

productive objectives of the farm. The objective of a continuous milk production during all 
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the year round and the need of having kids ready to be slaughtered and sold for meat 

production in December (Christmas) and in March/April (Easter) has made the reproductive 

management of this farm the way it is presently. Achieving the preferred slaughter weight in 

these two periods of the year maximizes the profits obtained with the kids, as the market 

prices are higher in these periods.  

This farm does not use artificial insemination; instead they use natural breeding with bucks 

purchased in France. Forty-five days after each breeding season, a confirmation of the 

pregnancy by ultrasonography is made. After one week and up to ten days, a re-evaluation of 

the animals the pregnancy wasn‟t possible to confirm at the first time is performed. The goats 

that are not pregnant are moved to a pen according to their milk production and they will be 

bred again in the next breeding season. The pregnant animals are not divided in groups 

according to their litter size or BCS. 

The feeding management is of crucial importance for achieving the best productive potential 

of the animals. It is though necessary to make sure that the feedstuffs distributed provide the 

maintenance and production needs of the goats. The goats are fed a complete diet, the TMR-

ad libitum. The bases of the TMR are haylage, corn silage, alfalfa hay, brewer‟s grains, rye-

grass hay and a commercial concentrate mix. The composition of the commercial concentrate 

mix is ground corn (15%), ground barley (12.5%), corn gluten meal (12%), soybean oil meal 

(11.5%), canola oil meal (9.5%), dried citrus pulp (7.2%), palm oil (7%), wheat bran (6.8%), 

sunflower oil meal (5.5%), ground wheat (5%), protected fat (2%), cane molasses (2%), 

calcium, phosphorus and salt (2%), buffers (1.7%), and micro-minerals and vitamins (0.3%). 

The composition of the TMR may vary slightly with the availability and the price of other 

products and by-products (this farm is considered very effective in utilizing by-products like 

brewer‟s grains and others).  

The percentage of incorporation of the elements of the TMR is different according to the 

production of the goats - high-producing goats, low-production goats and dry goats (as 

mentioned before) - especially the percentage of the concentrate mix. 

The TMR is distributed once a day. All the adult goats have free access to mineral blocks 

containing salt, magnesium and trace amounts of iron, iodine, cobalt, manganese, zinc and 

selenium, in appropriate quantities. 

One month before kidding, does producing less than 0.5L are moved to the dry goat group, 

the TMR is withdrawn, and wheat straw is fed, ad libitum. In addition, 1 kg/head/day of a 

different concentrate mix is provided, split into four feedings, equally distributed throughout 

each 24-hour period. The composition of the concentrate mix of the dry does is ground corn 

(17%), corn gluten meal (15%), wheat bran (13%), soybean oil meal (12%), ground barley 
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(10%), ground wheat (10%), distillers dried grains (6.5%), palm oil (5%), cane molasses 

(3.5%), protected fat (1.8%), dried citrus pulp (1.4%), calcium, phosphorus and salt (2.8%), 

buffers (1.7%), and micro-minerals and vitamins (0.3%). It also includes compounds like 

protected choline and niacin. The goats producing more than 0.5L remain in the low 

production goat group.   

The formulation of all diets is the responsibility of the farm‟s nutritionist and it is re-checked 

often during the production cycle, in order to make sure the diets are appropriately meeting 

the animal‟s needs of maintenance and production.  

3.4 Characterization of the study 

The present study began in January 2013 and ended in April 2015. It spanned eight kidding 

periods and involved a total of 32 goats. Of the 32 PT does, 12 were Alpine, nine were 

Saanen and 11 were Saanen-Alpine cross-breeds. One PT doe in this study gave birth in 

January 2013, four in April 2013, five in September 2013, five in January 2014, four in April 

2014, one in September 2014, four in January 2015 and eight in April 2015. All the goats 

included in this study were dry goats.  

The farm‟s prevalence of PT in the periods of the study is summarized in Table 1.  

Table 1 – Prevalence of the disease in the periods of the study. 

Periods of study Prevalence of PT 

January 2013 7.1% (38/532) 

April 2013 5.3% (22/415) 

September 2013 2.0% (7/356) 

January 2014 6.9% (29/418) 

April 2014 4.3% (17/393) 

September 2014 1.6% (6/370) 

January 2015 4.7% (19/405) 

April 2015 4.6% (19/416) 

 

Consent was obtained from the owner prior to their enrollment in the study. All the 

experimental procedures (handling, blood sampling, and cesarean when applicable) were 

performed so as to minimize the stress and discomfort experienced by the animals. 

Any pregnant doe in the dry doe pen that was not interested in eating when fresh feed 

(concentrate) was offered (four times during a 24 hours period, as mentioned before) was a 

PT suspect. If the BHBA blood level of the goat was higher than 3 mmol/L, determined by 
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using an electronic on-farm test14, it was considered a PT doe and included in the study. This 

inexpensive method was recently validated for goats, showing excellent accuracy and 

reliability for monitoring ketonemia when compared with the gold standard test – Serum 

(laboratory) BHBA value (Doré, Dubuc, Bélanger & Buczinski, 2013). This hand-held 

electronic device is simple to use as it is only necessary to dip the device sensor into the blood 

surface and it gives the results in 10 seconds, making it a valuable device to be used by 

veterinary practitioners, animal scientists and producers. 

Of a total of 157 goats diagnosed with PT in the described periods, 32 goats were involved in 

the study. This was a field study that was done 40 km distance from the university. It was not 

possible to be present on the farm which time that a goat suspected of PT was diagnosed.  

At the time each PT doe was enrolled in this study, a complete physical examination was 

performed by the researchers; the clinical signs the goats showed were recorded; the BCS was 

determined by palpation and visual assessment of the sternal score (both sternal and lumbar 

scores were recorded at the time the BCS was determined but the sternal score was the one 

used in the study). In addition, participating goats were minimally restrained and a blood 

sample was obtained from the jugular vein with a 20-gauge needle using a 1 mL new syringe. 

The following parameters were measured on the farm, using a portable analyzer15: ions (Na
+
, 

K
+
, Cl

-
 and HCO3

-
), glucose, pH, BE, pCO2 and BUN. 

The criterion used to decide between induction of parturition and performing a cesarean was 

the blood pH values, as done before in Lima‟s et al. work (2012a). When the pH of the goat at 

the first observation was below 7.15, a cesarean was performed; when the pH was higher than 

7.15, induction of parturition was performed. Of the 32 goats, a cesarean was performed in 

nine does, and kidding was induced in the other 23 does using dexamethasone16 (1 mg/10 Kg 

BW, IM), and dexcloprostenol17 (125 µl, IM). 

3.5 Statistical Analysis 

A two-tailed t test for independent samples (Snedecor & Cochran, 1980) was used to compare 

the mean values of the data obtained from goats that died with goats that survived (Tables 4 

and 5). 

The probability of survival of the PT goats was analyzed by logistic regression with a model 

that included the effect of the analyzed parameter individually, which is a covariable, (BHBA, 

pH, Glucose, K
+
, pCO2, HCO3

-
, BE, Na

+
, Cl

-
 and BUN) with the PROG LOGISTIC ® from 

                                                           
14 Precision Xceed, Abbott, UK. 
15 i-Stat, Sensor Devices Incorporated, Waukesha, WI; USA. 
16 Vetacort ®, Vetoquinol, Barcarena, Portugal. 
17 Gestavet-Prost ®, Hipra, Lisboa, Portugal. 
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SAS18. The values of these parameters were submitted to an analysis of variance with the 

PROC GLM ® from SAS with a linear model that only includes the effect of death/survival. 

After that, the least square means of the different parameters were estimated.  

For the evaluation of the existence of an association between the clinical signs observed 

(polypnea, swollen limbs, anorexia, recumbency, neurologic signs, and drooped ears) and the 

mortality/survival of the animals, the Chi-square test and the Fisher‟s Exact Test were used, 

with the PROC FREQ ® from SAS. 

 

  

                                                           
18 SAS ® 9.1.2  for Microsoft Windows. SAS International, Heidelberg, Germany. 
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4 RESULTS 

The ages, BCS, number of kids carried/delivered and clinical signs were determined or 

observed and are summarized in Table 2. 

Table 2 – Ages, BCS, number of fetuses, and clinical signs in the 32 PT goats.  

Parameter Studied Median (Range) Reference Range 

Age (years) 4 (2-8) NA * 

BCS 3 (2-3.5) 2.5- 2.75 ** 

Number of fetuses 3 (2-4) NA 

Rectal Temperature (ºC) 38.7 (37-39.2) 38.9 – 40 *** 

Heart rate 120 (60-172) 70-90 *** 

Respiratory rate 46 (28-100) 15-30 *** 

Ruminal motility**** 
Y – 9 

N – 17 
1-2 contractions per minute 

*NA stands for not applicable. 

**Smith, M.C. & Sherman, D.M. (2009). Goat Medicine. (2nd ed.). Ames, Iowa, The United States of America: Wiley-Blackwell. 

***Pugh, D.G. & Baird, A.N. (2012). Sheep and goat medicine. (2nd ed.). Maryland Heights, Missouri, The United States of America: 

Elsevier Saunders. 

****Y = Yes / N = No 

 

The age distribution of the 32 PT does was: 19 between two and four years old, and 13 older 

than that.  

Although different authors present different reference ranges for BCS at parturition – usually 

higher than the considered - the reference range considered in Table 2 is indicated for Alpines 

and Saanens. Nineteen does were above the reference range, eight were on the reference 

range, one was bellow the reference range and the BCS was not recorded in four animals, as 

the initial design of the study was different than the one adopted after.  

The median value of the number of kids delivered was three. Of the 32 PT does, one (3.1%) 

gave birth to quadruplets, 16 (50%) gave birth to triplets, 13 (40.6%) gave birth to twins, and 

none had singles. It was not recorded in two goats (6.2%) that died prior to giving birth; a 

necropsy examination was not performed in these goats, and so the number of fetuses was not 

determined. 

Rectal temperatures were slightly below the reference range.  

The median heart rate and the median respiratory rate were above the reference range. 

Ruminal motility was present in nine of the 32 goats in this study. It was not recorded in six 

PT does as the initial design of the study was different than the one adopted after. 

 



42 

The following clinical signs were observed in the 32 PT does of this study: 

Polypnea (88% animals; 28/32 animals), swollen limbs (78%; 25/32 animals), anorexia and 

absence of ruminal motility (65%; 17/26 animals), sternal recumbency, but ability to rise 

upon stimulation (66%; 21/32 animals), and neurological signs, such as “star gazing” or 

opisthotonus (9%; 3/32 animals), and drooped ears (9%; 3/32 animals). 

Urine was collected from 18 PT goats and complete urinalyses were performed. Ketonuria 

and aciduria were the only abnormalities detected and were present in 14 does, while 

ketonuria only was present in four does. 

Blood chemistry results for the 32 PT goats enrolled in this study are summarized in Table 3. 

Table 3 – Blood chemistry values from the 32 PT goats. 

Parameter Measured Median (Range) Reference Range 

Na
+
 (mmol/L) 140 (123-145) 142-155 * 

K
+
 (mmol/L) 3.0 (1.8-4.3) 3.5-6.7 * 

Cl
- 
(mmol/L) 110 (96-121) 99-110 * 

Glucose (mg/dL) 38 (20-105) 50-75 * 

pH 7.20 (6.84-7.45) 7.32-7.50 * 

HCO3
-
 (mmol/L)

 
10 (3.3-35) 20-29 ** 

BE (mmol/L) -18 (-30- +10) -5- +4 ** 

pCO2 (mmHg) 28 (16-56) 38-45 * 

BUN (mg/ dL) 13 (6-49) 10-20 * 

BHBA (mmol/ L) 6.2 (3.2-10.6) <0,7 * 

*Pugh, D.G. & Baird, A.N. (2012). Sheep and goat medicine. (2nd ed.). Maryland Heights, Missouri, The United States of America: Elsevier 

Saunders. 

**Stevens, J.B., Anderson, K,L,, Correa, M.T., Stewart, T. & Braselton, Jr. W.E. (1994). Hematologic, blood gas, blood chemistry, and 

serum mineral values for a sample of clinically healthy adult goats. Veterinary Clinical Pathology, 23(1), 19-24. 

 

The median blood levels of Na
+
, K

+
, Glucose, pH, HCO3

-
, BE and pCO2 is below the 

reference range.  

Blood glucose values were below the reference range in 27 PT does, in the reference range in 

four PT does, and above the reference range in one PT doe.  

BHBA values were all above the reference range. 

The individual data for the 32 PT goats enrolled in the study is present in Table 6 (Annex 1). 

In the present study, the case fatality rate was 75% (24/32). Among the goats that were 

submitted to a cesarean, the case fatality rate was 100% (9/9). Among the goats in which 

kidding was induced, the case fatality rate was 65% (15/23). 
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A comparison of the ages, BCS, number of fetuses and clinical signs of the 24 dead goats and 

the eight surviving goats is presented in Table 4. 

Table 4 – Ages, BCS, number of fetuses, and clinical signs in the 24 dead goats and in the eight surviving goats. 

Parameter Studied 
Dead Goats 

Median (Range) 

Surviving Goats 

Median (Range) 

Age (years) 4 (2-8) 4 (2-6) 

BCS 3.0 (2-3.5) 3.0 (2.5-3.5) 

Number of fetuses 3 (2-4) 3 (2-3) 

Rectal Temperature (ºC) 38.6 (37-39.2) 38.9 (38.7-39.2) 

Heart rate 114 (60-172) 132 (100-152) 

Respiratory rate 48 (28-100) 42 (32-108) 

Ruminal motility * 
Y – 4 

N – 16 

Y – 5 

N – 1 

*Y = Yes / N = No 

 

The only parameter that showed a statistically significant difference between the two groups 

of goats was ruminal motility (p< 0.001).  

In this study, seven goats (28%) with swollen limbs survived. Only two goats (10%) with 

sternal recumbency and only one (6%) with anorexia were able to survive. If the goat was 

observed standing on its own volition (without being urged to do so), the possibility of 

surviving is higher than if it was in recumbency (55% of those goats survived, while only 

10% of the goats that would not stand until urged to do survived).  

These results are summarized in Figure 8 and in Figure 10. 

 

Figure 8 – Percentage of the goats that died (survived) in function of the most observed clinical signs. 

The total number of animals that presented each clinical sign is shown. 
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Concerning the clinical signs observed in the goats, there is a statistically significant 

difference for anorexia (p< 0.001) and recumbency (p< 0.001) between the goats that died and 

the ones that survived. This data is represented in Figure 9 and in Figure 10. 

 

Figure 9 – Comparison between the goats that died and survived with and without anorexia. 

The total number of animals is shown. 

 

Sixteen goats with anorexia died (94%) and only one animal survived (6%). Fifty-six per cent 

of the goats that had normal ruminal motility survived (five animals) and 44% died (four 

animals). 

 

Figure 10 – Comparison between the goats that died and survived with and without recumbency. 
The total number of animals is shown. 
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Nineteen goats with recumbency died (90%) and only two animals survived (10%). Fifty-five 

per cent of the goats that didn‟t show recumbency survived (six animals) and 45% died (five 

animals).  

The blood chemistry values from the 24 dead goats and from the eight surviving goats are 

summarized in Table 5. 

Table 5 – Blood chemistry values from the 24 goats that died and from the eight surviving goats. 

Parameter 

Measured 

Dead Goats 

Median (Range) 

Surviving Goats 

Median (Range) 

Na
+
 (mmol/L) 139 (123-145) 142 (138-145) 

K
+ 

(mmol/L) 2.7 (1.8-3.8) 3.7 (3.5-4.3) 

Cl
- 
(mmol/L) 110 (103-121) 109 (96-111) 

Glucose (mg/dL) 39 (20-105) 36 (31-50) 

pH 7.13 (6.84-7.45) 7.39 (7.30-7.43) 

HCO3
-
 (mmol/L)

 
8.3 (3.3-21) 21 (14-35) 

BE (mmol/L) -21 (-30- -3) -4.5 (-12- +10) 

pCO2 (mmHg) 26 (16-42) 33 (28-56) 

BUN (mg/ dL) 17 (8-49) 11 (6-20) 

BHBA (mmol/ L) 6.5 (3.8-8.6) 6.0 (3.2-10.6) 

 

The blood levels of K
+ 

(p< 0.005), pH (p< 0.005), HCO3
- 

(p< 0.001), BE (p< 0.001), and 

pCO2 (p< 0.005) were significantly lower in the goats that died than in the surviving goats. 

For the other blood parameters, the differences between the group of goats that died and the 

group of the goats that survived were not significant. 

The probability of survival of the 32 PT goats in this study was analyzed by logistic 

regression and the prognostic values of the blood pH, BE, K
+
 and pCO2 are represented in 

Figure 11, Figure 12, Figure 13, and Figure 14, respectively. 



46 

 

Figure 11 – Relationship between the goats’ probability of dying and blood pH. 

As it can be seen in Figure 11, at a pH of 7.11, e.g., the probability that a PT goat doesn‟t 

survive is 95%. When the pH is 7.26, e.g., the probability of death decreases to 76%. 

 

Figure 12 – Relationship between the goats’ probability of dying and blood BE. 

In Figure 12, it is possible to observe that when the BE is -24, e.g., the probability that a PT 

goat dies is 96% and when it is -12, e.g., this probability is only 73%.  
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Figure 13 – Relationship between the goats’ probability of dying and blood K
+
. 

When K
+
 is 2.40, e.g., the probability that the PT goat doesn‟t survive is 98%. When the K

+ 

increases to 3.20, e.g., the probability of death decreases to 80%, as it can be observed in 

Figure 13. 

 

Figure 14 – Relationship between the goats’ probability of dying and blood pCO2. 

In Figure 14, it is possible to observe that when pCO2 is 16, e.g., the probability of death of 

the PT goat is 96% and when pCO2 increases to 28, e.g., this probability decreases to 79%.  

The results showed that pH, BE (or HCO3
-
), K

+
 and pCO2 can be used as prognostic indexes 

in goats with PT. The other blood parameters measured in this study (Na
+
, Cl

-
, glucose, BUN 

and BHBA) do not have prognostic value in goats with PT. 
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5 DISCUSSION 

Pregnancy toxemia is a disease characterized by a high case fatality rate (Rook, 2000, Lima et 

al., 2012a, Doré et al., 2015). The course of the disease is very rapid after the clinical signs 

are first observed. The physical condition of PT goats also deteriorates very rapidly (Lima et 

al., 2012a). The presence of certain clinical signs plus the information given by some blood 

parameters will help the clinician to establish a prognosis for goats with PT. In this study, 

among the clinical signs, only anorexia and recumbency showed a statistically significant 

difference between the goats that died and the ones that survived. These two signs can, 

therefore, be used as prognostic indexes for goats with PT. 

The age distribution of the 32 PT goats of this study was according to the age reported on the 

literature as being of increased risk of developing the disease. This disease predominantly 

affects older ewes that went through multiple pregnancies, as described before (Clarkson & 

Winter, 1997; Rook, 2000; Duehlmeir et al., 2015). One of the hypotheses that can explain the 

increased risk of developing the disease in older does, in this particular case, is the cumulative 

effect of the omental and perirenal fat stores (McCann & Bergman, 1988). These fat stores 

begin to accumulate very early in the goat‟s productive life - this can be seen in some goats 

over six months, inclusively, or during the first lactation in does fed with high-energy diets 

(TMR in this particular case) but their effect on the intake is just detectable when they 

become massive, as it easily occur in older goats fed the type of diets described for all their 

productive live. Besides that, older does may have poor dentition, lameness and the 

probability of having intercurrent infections or diseases is higher. These factors may result in 

reduced intake, thus precipiting PT but we don‟t consider them to be a major risk factor in the 

prevalence observed in the farm where the study was executed. 

As mentioned before, BCS in goats can be determined by the average of lumbar and sternal 

scores. However, in this study, the criterion used was the sternal score suggested for Alpines 

and Saanens breeds, as stated before. In our opinion, the sternal score correlates better with 

the degree of fleshing or fat/muscle reserves of the goat than the lumbar score, although 

neither one or the other are as good indicators of the internal fat stores as it will be expected. 

It results from the storage of dairy goat‟s body fat in the omental and perirenal tissues 

(McCann & Bergman, 1988). That‟s why, according to Smith and Sherman (2009), a system 

has been developed specifically for dairy goats, as affirmed before, as the lumbar systems 

originally designed for sheep and cattle are not directly applicable to dairy goats. Even obese 

animals have little subcutaneous fat which means that the assessment of the BC by palpation 

and visual assessment in goats is not as accurate in predicting the real BC as it seems to be in 

cattle or sheep. Another aspect that needs to be considered is the subjectivity of a method that 
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rely on palpation and visual assessment of the animals. Different veterinarians and farmers 

tend to score the same animal a different BC, according to their previous experiences. The 

sophisticated methods based on slaughter or biopsy techniques that have also been developed 

for goats are, obvious, not practical neither passive of implementation in a field situation, 

which gives no alternative to the use of palpation and visual assessment of the animals to 

estimate the degree of fleshing or fat/muscle reserves of a goat. Recently, the AWIN visual 

body condition scoring system for dairy goats was assessed for validity and repeatability. It 

was demonstrated that it is simple, repeatable, and expeditious compared with conventional 

methods. The authors stated that it is intended to provide a quick first-level assessment 

(Vieira, Brandão, Monteiro, Ajuda & Stilwell, 2015). Although several authors (Rook, 2000; 

Rowe, 2014) suggested that the conventional body condition scoring of goats is a tool to 

diagnose and correct nutritional problems, caution needs to be taken in the interpretation of 

the results of the BC of goats for the reasons described before. According to Rowe (2014), it 

is necessary to look at the overall status, and then identify does that stand out as below or 

above the optimum. Decreased BC in one or two individuals could be addressed by increasing 

supplementation of those individuals; decreased BC of more than one or two individuals 

reflects a group problem with energy balance and should be addressed by increasing 

supplementation for the entire group. However, in most of the intensive dairy goat farms the 

main problem is fat doe PT; these animals can start to accumulate abdominal fat several 

weeks or even months before parturition (or earlier in their productive life, as mentioned 

before), resulting from an overfeeding during the breeding season or on the early pregnancy. 

Having said that, it is possible to conclude that maintenance of BC is crucial to decrease the 

risk of PT. This is possibly by adopting adequate management strategies throughout the entire 

cycle of gestation and lactation, as discussed before. 

The farm where the present study took place is not different from other intensive dairy goat 

farms concerning the overconditioning status of the animals. In our opinion, there are two 

main reasons responsible for the occurrence of this situation. First of all, the greater eating 

selectivity of the goats compared with other species, particularly when the diet is based on 

TMR. The second reason, and the one we consider of major importance, is related with the 

insufficiency in the number of pens for the lactating goats. As described before, they are 

divided according to their milk production level in three groups. We believe that they should 

be separated into more groups and fed according to narrower intervals of milk production. In 

each pen, the goats are fed according to the nutritional needs of the highest producers, 

meaning that the nutrient intake of the lower producers is in excess. As they are eating above 

their needs (maintenance and maximum milk production), they will become easily 
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overconditioned; keeping goats producing 0.5L and 2.5L of milk/day in the same pen, eating 

the same TMR with such a difference in their milk production needs, as it occurs in the group 

defined as “low-production goats”, will easily result in an excessive accumulation of fat of 

some animals. Fifty-nine per cent of the goats of this study were, in fact, above the BCS 

reference range. 

None of the 32 PT goats was pregnant with a single fetus and 53.1% were pregnant with three 

or more kids. Several authors suggested that multiple pregnant small ruminants are the ones at 

higher risk of developing PT (Wastney et al., 1983; Marteniuk & Herdt, 1988; Moallem et al., 

2011). Rowe (2014) stated that in goats, specifically, PT is more commonly associated with 

pregnancies of three or more kids, as mentioned before. 

It is not as easy to assess ruminal function in small ruminants as it is in cows. When healthy 

goats are not eating for a few hours, the strength and frequency of ruminal contractions 

decrease. In pregnant goats with a fetus on the left side, the auscultation of the rumen is even 

more difficult. It is indubitable that in some goats enrolled in this study, the rumen wasn‟t 

working as it was impossible to assess their ruminal function and, more than that, they were 

depressed and they didn‟t start to eat when offered good hay or grass. In some animals, 

however, it was not possible to assess the ruminal function but they ate when offered good 

hay or grass, which made us record that they show, at least, some ruminal movements, 

probably with a reduction in either the frequency and strength or both. 

The clinical signs that were observed in the 32 PT does of this study are also reported to be 

the most common in other studies in goats on the clinical course of the disease. In ewes, there 

are no reports of swollen limbs as a clinical sign; it appears to be one of the earliest clinical 

signs occurring in goats (Smith & Sherman, 2009; Ajuda et al., 2012; Lima et al., 2012a; 

Doré et al., 2015). 

Swollen limbs or subcutaneous edema of the limbs, which was present in 25 of the 32 PT 

does, has been reported by other authors. As previously reported by Lima et al. (2012a) in 

their work on the same farm, in this farm the condition occurs often in conjunction with PT, 

but sometimes occurs as a primary disease in pregnant does without PT. Either both 

forelimbs, both hindlimbs, or all four limbs are usually affected. Affected animals experience 

varying degrees of discomfort or pain when edematous areas are compressed. Most clinical 

cases respond well to treatment with flunixin meglumine and/or induction of parturition. The 

etiology or pathogenesis of this condition is unknown, but Lima et al. (2012a) hypothesized 

that the edema in the PT cases is not caused by hypoalbuminemia. We believe that this edema 

can be one of the causes that make the animals to lie down and do not show interest in eating 
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when fresh feed is offered; a close observation of the late pregnant animals can, though, be 

beneficial to identify this type of situations and act promptly. 

Although all the goats that showed neurologic signs and drooped ears died as it can be seen in 

Figure 8, the small number of animals showing each one of those clinical signs (three for 

each) made the difference between the animals that died and survived with and without these 

clinical signs to be not statistically significant. In our, and the farmer‟s, experience, however, 

all the goats that show these clinical signs die. Wastney et al. (1983) were not been able to 

find any association between the neurological signs and the variations in blood chemistry in 

sheep. According to Clarkson (2000), citing Jeffrey and Higgins (1992)19, brain lesions that 

have been described in sheep are similar to those seen in naturally occurring hypoglycemia in 

humans, which suggests that the lesions in PT may have been caused by cerebral 

hypoglycemia. However, there are animals that don‟t show hypoglycemia at any point of the 

disease. There is, as mentioned before, a high variance of blood glucose values since the onset 

of clinical signs (Henze et al., 1998). The neurologic signs seem to be less commonly 

observed in goats, comparing to their frequency of observation in sheep. This study enrolled 

only three goats showing neurologic signs, as affirmed before, so an association we could 

have found will not have been statistically significant. However, in this study, neither the 

glucose values nor the BHBA can be related to the occurrence of those signs. Goats with 

glucose values lower than those present in the three animals showing neurologic signs didn‟t 

show them; animals with similar BHBA values didn‟t show neurologic signs.  

As stated before, only two clinical signs, anorexia and recumbency showed a statistically 

significant difference between the group of goats that died and the group of goats that 

survived, which makes these two signs good prognostic indexes for goats with PT. 

According to Marteniuk and Herdt (1988), clinically healthy ewes may develop ketonuria, but 

this should be considered a prodromal phase of PT. When the urine of a pregnant goat with 

clinical signs of PT shows ketonuria, PT is highly suggestive to be the cause, as Rowe (2014) 

suggested, and other factors should be considered. Several authors affirmed that physical 

signs and the feeding and management history of the flock can be used as diagnostic aids, as 

previously mentioned. Performing a quick ketone body test in urine is inexpensive, which 

makes this test a first line in the establishment of the diagnosis. It seems though logic to 

perform it when a clinician faces a pregnant goat that may be developing PT. The major 

difficulty in performing it is the absence of “techniques” to make a goat urinate. According to 

Rowe (2014), goats cannot be stimulated to urinate in the way one would obtain urine from a 

cow or from a sheep, so owners and food animal practitioners must be prepared to take 

                                                           
19 Jeffrey, M. & Higgins, R.J. (1992). Brain lesions of naturally occurring pregnancy toxaemia. Veterinary Pathology, 29, 301-307. 
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advance of opportunities to catch a sample. They usually urinate soon after standing up (when 

resting), or during transport soon after unloading from a truck or trailer. In our experience, in 

fact, when the goat is in recumbency, the act of standing is usually sufficient. In this study, 

58% of the goats that were recumbent when they were first observed, urinated after stimulated 

to rise. Starting from here the clinician can either perform a physical examination or other 

tests (e.g. blood BHBA), recommend that the goat should be rechecked or rule out that the 

problem with the goat is PT. 

We believe that in this study animals were observed in different stages of the disease for the 

reasons discussed before. Blood glucose in pregnant goats is generally low because of fetal 

demand. Smith and Sherman (2009) related the existence of a marked hyperglycemia in 

terminal cases. Bulgin (2005) showed that as the disease progresses in ewes blood glucose 

may be elevated due to fetal death. These results were confirmed by Lima‟s et al. work 

(2012b) where five PT goats with hyperglycemia had dead fetuses. The inexpensive hand-

held electronic device20 that can be used to determine the BHBA values can also be used to 

determine the glucose values, as mentioned before. 

Metabolic acidosis is a common occurrence in goats affected with PT. The severity of the 

acidosis can be determined by the blood levels of pH, pCO2, HCO3
-
 and BE. Although the 

most accurate and effective method for assessing the acid-base status under field conditions is 

using a portable blood gas analyzer21, the cartridges necessary to perform a test are expensive 

and most farmers are not willing to spend this money. A more economic option to measure 

blood pH under field conditions is a pocket pH meter. According to Nappert and Naylor 

(2001), however, the overall mean blood pH was significantly different between the automatic 

blood gas analyzer and the portable pH meter. The fact that the blood samples are handled 

anaerobically with the automated blood gas analyzer and aerobically with the portable pH 

meter probably accounted for some of the discrepancies between readings from both methods. 

Loss of CO2 from the aerobic samples could cause the readings from the portable pH meter to 

be above those from the automated blood gas analyzer.  

As blood levels of pH, BE, K
+
, pCO2, and HCO3

-
were significantly lower in the group of 

goats that died than in group of surviving goats, these parameters can also be used as 

prognostic indexes as the clinical signs previously mentioned. We believe that pH is the best 

prognostic indicator, as stated in Lima et al. (2012a). 

Pregnancy toxemia is characterized by a high case fatality rate and the present study is not an 

exception. According to Bergman (1993), practically all of the ewes die unless parturition 

                                                           
20 Precision Xceed, Abbott, UK. 
21 i-Stat, Sensor Devices Incorporated, Waukesha, WI; USA. 
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occurs or the lambs are removed by a cesarean section. Different criteria can be used to take 

the decision between induction of parturition and performing a cesarean; some authors based 

their recommendations in the chance of survival of the doe, of the kids or both, in economical 

reasons, in the failure to improve after institution of other treatment options, or in the 

progression of the disease, among other factors, as mentioned before. The criterion used in 

this study to decide between induction of parturition and performing a cesarean was the blood 

pH values, as done before in Lima‟s et al. work (2012a), as stated before. When the pH of the 

goat at the first observation was below 7.15, a cesarean was performed; when the pH was 

higher than 7.15, induction of parturition was performed. It was assumed that when the pH 

was below 7.15, the female‟s chance of survival was very low and the course of the disease 

will be rapid; the cesarean was an attempt to save the offspring. In opposition, when the pH 

was higher than 7.15, the chance of survival of the goat was assumed to be higher; induction 

of parturition was though performed. The 100% case fatality rate among the goats that were 

submitted to a cesarean can, thus, be explained by their condition previous to the intervention.  

Response to treatment for PT is often unrewarding and it depends on several factors like the 

severity of clinical signs and the duration of illness. It is necessary to consider that medical 

treatment regimens are expensive and time consuming to the farmer who normally mentions 

that there is not enough time to nurse individual sick animals; the value of the animal and the 

farmers‟ wishes should be carefully taken into consideration before initiating any therapy. In 

our opinion, removal of fetuses can be, frequently, the only option having in mind a series of 

different concerns, as declared before. Although some authors (e.g. Radostits et al., 2007), 

consider that the removal of the fetuses by cesarean section is probably the therapy that has 

the greatest success rate for both the female and the fetuses, the economical concerns and the 

farmer‟s wishes need to be addressed. It is the veterinarians‟ responsibility to discuss with the 

farmer possible solutions/courses of action when dealing with PT goats. When the animal is 

primarily seen with clinical signs that may indicate an advanced stage of the disease (lateral 

recumbency, profound depression, increased pulse and respiratory rates, coma), both medical 

treatment and the removal of fetuses is not probably the best option, especially remembering 

that at this point the fetuses can easily be dead and that recovery of the doe is unlikely. 

Humane killing should be considered to prevent further suffering, after and if the blood 

chemistry values confirm the poor prognosis. 

As mentioned before, we believe that the animals in the farm where this study was performed 

start to accumulate abdominal fat several weeks or even months before parturition, as the feed 

system consists of high-energy TMR above the needs of a great proportion of the animals. 

Pregnancy toxemia is a flock problem in this farm. The prevalence was consistently different 
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in the three kidding seasons, having reached values around 7% in the January‟s kidding 

seasons of 2013 and 2014; in April, the prevalence was around 5% in the last three years; 

September‟s kidding season had the lowest prevalence, reaching 2% in 2013. As it is an 

intensive dairy goat milk production farm, the diminished availability and quality of 

feedstuffs described in pasture-based systems, does not help explaining the differences found 

in the prevalence in the winter months. One possible explanation for this can be related with a 

higher fat mobilization that occurs during cold weather.  

It is unrealistic to expect a large flock of commercial goats, like the one described, to have no 

cases of PT. For all the reasons that have been discussed before, the prevention seems the best 

option to control PT in large flocks. Veterinarians can play an important role in preventing the 

losses from PT by training farmers to recognize management factors predisposing to disease, 

and by developing management strategies to decrease the risk of the disease in the flock 

(Rowe, 2014). The choice of feed is one of the management strategies that need to be 

addressed to decrease the risk of developing the disease. It is very important as pregnancy 

progresses and the abdominal space becomes limited for the reasons discussed before; it is 

though crucial to feed nutrient-dense rations in the last few weeks of gestation.  

In this farm, goats that are producing less than 0.5L one month before kidding are moved to 

the dry goat group, where the TMR is withdrawn and wheat straw is fed, ad libitum; in 

addition, 1 kg/head/day of a concentrate mix is provided, as mentioned before. As it was also 

mentioned, all the 32 goats enrolled in this study were dry goats; in fact, it seems that the 

development of PT in this farm is far more common in animals that were moved to the dry 

goat pen versus goats that were milked until kidding. 

In our opinion, the feeding strategy adopted in this farm for the dry goats, previously 

described, is controversial. We believe that good quality hay should be offered instead of 

straw. Straw has a relatively poor energy value. Goats are, probably, not able to eat the 

amount they need to ensure that their nutritional needs are met. According to Andrews (1997), 

if straw is fed as the source of roughage, it is essential to keep it fresh and to offer several 

times the required amount so that the animals can be selective. High quality, palatable hay is, 

in our opinion, a good form of roughage in the diet as it is able to ensure that the goats have 

their nutritional needs met. Even if the only availability is a good straw or a poor quality hay, 

the poor quality hay seems a better option, as it is always richer in nutrients than a good straw. 

If possible, poor quality hay should be fed in mid-pregnancy and not in the last weeks. If it is 

necessary to feed it in the last weeks of pregnancy, it can be supplemented with an adequate 

amount of concentrate. Concentrates should be offered as they are energy-dense enough to 

ensure that the nutritional needs are met in a regimen where the animals are fed with hay. 
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Care should be taken to divide the concentrate portion into several small meals to prevent 

ruminal acidosis, as it is done in the farm. The goats that are kept in other pens continue to eat 

the TMR. Their needs for maintenance, milk production and also for fetal development are 

easily meet by the TMR. That is an explanation, in our opinion, for the lowest prevalence of 

PT in these groups of goats compared with the dry goats‟ group.  

Another management strategy that we believe that can be implemented in the farm where the 

study was performed is the separation according to the litter size plus the separation according 

to narrower milk production levels, as discussed before. A confirmation of the pregnancy by 

ultrasonography is made 45 days after the ending of the breeding season in this farm, which 

means that introducing the idea of separating according to litter size does not add an extra cost 

to the farm expenses, provided the ultrasonography is already being performed. Presently, the 

insufficiency of pens to separate the goats according to milk production levels limits the 

possibility of separating according to litter sizes too. However, the conjunction of the two 

criteria appears of great value to decrease the risk of developing PT in the flock.  

Several authors suggested that the evaluation of the BHBA in the blood one month, or before, 

the parturition date could help detecting goats at high risk of PT several weeks before clinical 

signs appear. Animals could be, though, “treated”, by additional nutritional supplementation 

normally. However, we believe that this type of routine monitoring all late-pregnant does is 

unrealistic and not practical in farm situations.  

The close observation of the feeding behavior of the late pregnant animals is other 

management strategy that aids in the early detection of the disease and, therefore, possibly in 

the prevention of its development in individual animals. The animals in this farm are, in fact, 

closely observed (four times during a 24 hours period, when concentrate is offered) and, as 

mentioned before, any pregnant doe in the dry doe pen that was not interested in eating when 

concentrate is offered is a PT suspect and is treated accordingly. 

Exercise has been considered as having beneficial effects in the prevention of PT by several 

authors, as it seems to allow goats to utilize some of the excess NEFA produced in the last 

month of gestation. In the farm where this study was performed, pregnant dry goats are 

moved one month before kidding to a pen where they have more space per animal comparing 

to the pens they were before. Pregnant lactating goats are kept in the same pens – identical to 

the ones the dry goats are kept until being moved- for the entire cycle of production. Our 

experience is, as mentioned before, that the goats that are in lactation are less likely to 

develop PT; we cannot find a relationship between the higher availability of space in the pen 

the dry goats are kept for the last month before kidding and a lower PT prevalence.  
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6 CONCLUSIONS 

PT is indubitably one of the most important and prevalent diseases of intensive dairy goat 

farms, with the farm where the study was performed not being an exception. This disease 

accounts for high mortality of adult goats on the farm and loss of valuable kids that could 

have, otherwise, been used as replacements in the farm, sold for reproductive proposes or 

meat production.  

It is essential to remember that the recognition of management factors predisposing to disease, 

and the development of management strategies to decrease the risk of the disease in the flock 

are preventive measures that can be the best option to control the disease in large flocks, as 

discussed before. 

The clinical course of the disease in goats is usually very rapid after the clinical signs are first 

observed. It is important to detect early cases which can be done by observing feeding 

behavior (e.g. goats that do not eat), and clinical signs like swollen limbs.  

The establishment of a prognosis for dairy goats with PT based on criteria that can be easily 

and inexpensively obtained is important for the farmers‟ expenses and it will allow the 

veterinarian to take the best decision concerning what to do with the animal in an inexpensive 

way.  

The criteria found in this study as most useful to establish a prognosis for PT goats were 

clinical signs and some blood parameters like K
+
, pH, pCO2, HCO3

-
 and BE. However, the 

methods available to determine these blood parameters are expensive. 

Unfortunately, this study showed that inexpensive tests like urine dipsticks, blood glucose, 

and blood BHBA values are not useful in the establishment of the prognosis for PT goats; 

they are, however, useful for the diagnosis.  

Based in what was said before, it would be important to relate clinical signs observed in the 

animal with certain blood parameters, especially pH. Further studies can be done with more 

animals, to try to establish such correlation. 

Another study that can be done is the determination of the blood lactate levels in PT goats.  

In this study, the correlation between blood BHBA values and blood pH in PT goats was very 

weak, which means that there are probably other factors contributing to the severity of the 

metabolic acidosis besides BHBA. In humans (Lu et al., 2011) and in cats (Christopher, 

Broussard, Fallin, Drost & Peterson, 1995), an increased level of serum lactate in diabetic 

ketoacidosis was shown. It would be interesting to find out if increased blood lactate levels 

contribute to the metabolic acidosis that occurs in PT goats.  
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*NR stands for not recorded; ** N stands for no;*** Y stands for yes; 
ʶ 

C stands for cesarean; 
ʶʶ

 I stands for induction of parturition; 
ʶʶʶ 

A stands for alive;
 ʶʶʶʶ

 D stands for dead. 

 

Table 6 – Data from the 32 PT goats enrolled in the study. 

 


