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Introduction
Ethiopia has the largest livestock population being the 

first in Africa countries and the 10th in the world and holds 
large potential for dairy development due to its large livestock 
population [1]. The transition period between late pregnancy 
and early lactation is certainly a stage with a high incidence 
of nutrition-mediated metabolic diseases such as ketosis and 
fatty liver in dairy cows. Postpartum dairy cows are often in a 
state of NEB that is induced by a low intake of dry matter and 
an increased demand for energy to support milk production 
[2]. Ketosis is an impaired metabolism of carbohydrate and 
volatile fatty acids that lead to excessive production of ketone 
bodies (betahydroxybutyrate, acetoacetate and acetone at 70%, 
28% and 2%, respectively) [3]. Ketosis is a common metabolic 
disorder in high yielding dairy cows as result of NEB in early 
lactation, which can cause fat mobilization followed by elevations 
in ketone body concentrations in the body of dairy cattle [4].

There are lots of factors that can result in the development 
of ketosis in early lactation. Those are high body condition 
score and large fat mobilization around parturition increase 
the occurrence of ketosis in cows [5]. In many countries’ ketosis 
can be common where intensive farming was practiced during 
winter-spring because lack supplement of pasture in dairy farms 
[6]. Ketosis can be clinical and sub-clinical based on clinical 
sign visibility in dairy cattle. Clinical ketosis has visible clinical 
symptoms such as anorexia, licking, blindness, hard dry feces, 
rapid loss of body condition, reduced milk production and etc. 
[7]. However, subclinical ketosis is an excess level of ketone 
bodies in the circulation without clinical signs [8]. Clinical 
ketosis is easy to diagnose by its clinical symptoms and several 
laboratory tests to measure ketone bodies in the blood, milk and 
urine [9]. But diagnosis subclinical ketosis only by measuring 
ketone body concentration. Minimum concentration of BHBA for 
SCK is 1.2mmol/L. BHBA is one of commonly circulating ketone 
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Abstract

Ketosis is common metabolic disease that occurs during the last stage of pregnancy and early lactation of dairy cattle. It is caused by negative 
energy balance, which results impaired metabolism of carbohydrate and fatty acids that lead to excessive production of ketone bodies. The aims 
of this manuscript are to highlight ketosis with a special attention to management of the disease in dairy cattle and highlight economic importance 
of disease especially in subclinical ketosis. Ketosis occurs worldwide where dairy farms practiced with highest prevalence in early lactation. Risk 
factors for ketosis are body condition, season of calving and management of cow. Ketosis can be classified as primary and secondary based on the 
source of diseases. Primary ketosis is due to a lack of sufficient glucose to support the demand of milk production, where as secondary ketosis 
occur as a results of concurrent disease which may cause anorexia in cow. Based on clinical sign and ketone bodies concentrations ketosis can 
also divided into subclinical ketosis and clinical ketosis. Subclinical ketosis is increase ketone bodies above a threshold level in absence of obvious 
clinical signs. However clinical ketosis is characterized by increase ketone bodies as well as clinical signs such as anorexia, weight loss, licking and 
apparent blindness. Diagnosis of ketosis based on history and clinical observation and by measuring ketone bodies concentration. Differential 
diagnoses of ketosis are listeriosis, lead poisoning and rabies. Dextrose and oral propylene glycol used for treatments of ketosis. Ketosis is the 
most economic impact disease by reducing milk yield production, decreases reproductive performance and predisposes cows to different disease. 
Prevention and control of ketosis is proper transition cow nutrition and management. In Ethiopia, little work has been done on ketosis and 
literature on the epidemiology of ketosis has not been well documented and still insufficient. Therefore, further research should be conducted in 
order to evaluate the magnitude of the disease and its economy impact. 
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body to diagnosis SCK. The upper threshold of concentration 
is ≥3.0mmol/L in blood BHBA for SCK should be the onset of 
clinical signs [8].

The first treatment should be to increase feed intake by 
offering fresh or different feeds and Common treatment can be 
includes intravenous dextrose solutions, glucocorticoids, and 
oral propylene glycol and etc. [10]. Ketosis is a costly disease 
because negatively impacts on wellbeing, productivity and 
reproductive performance the cow [11]. Ketosis is risk factor 
for incidence of postpartum disorders (abomasal displacement 
and metritis) and culling, along with decreased milk yield and 
reproductive performance, which results in severe economic loss 
[12]. Ketosis can also in both case which means in clinical and 
subclinical form causes highly economic loss in dairy farmers 
because of loss of milk production and failure of affected animals 
to return to normal production after recovery [13]. Prevention 
of ketosis is management and nutrition transition cow. Which 
allow cows to develop a strong immune system, maintain normal 
concentrations of glucose in the blood, minimize the negative 
energy balance, prevent calving related diseases and develop a 
rumen adapted to the post-partum diet [14].

In fact, prevailing situation and presence of disease in 
worldwide, however ketosis is one of the diseases that have got 
less attention. But cause of very significant economic impact 
particularly sub clinical ketosis because silent profit loss in dairy 
cattle. In Ethiopia there is little information and also inadequate 
documented about ketosis. 

Therefore, the objectives of this review are to:

1)	 Highlight ketosis with a special attention to 
management of the disease in dairy cattle.

2)	 Highlight economic importance of disease especially in 
subclinical ketosis.

Litreature Reviews

Etiology
Ketosis is a multifactorial disease caused by negative energy 

balance, resulting in fat cow syndrome in dairy cattle [15]. With 
a concurrent hypoglycemia, which results increase demands 
for glucose and insufficient propionate production during the 
early postpartum period in dairy cows [16]. Ketosis can be 
cause by the biochemical and hormonal as well as importance 
of predisposing factors for occurrence the diseases [17]. Ketosis 
is caused by impaired metabolism of carbohydrate and volatile 
fatty acids [13]. Starvation is one of common cause of ketosis 
due to a decreased consumption of feed (anorexia) and also lack 
feeding to cow during transition period [8]. Other uncommon 
cause of ketosis is poorly fermented silage due to the high content 
of butyrate. When cows consume the silage which contains high 
content butyrate the cow cannot metabolize the as fast as intake 
of butyrate. Because of this butyrate builds up in the rumen 
which cause is diffuses of butyrate across the rumen wall and 
enters the bloodstream. In liver butyrate is converted to BHBA 
results for occurrence of ketosis in dairy cattle [18].

Epidemiology
Occurrence

Ketosis is occurred as problem for the first time in 1920 to 
1930 by Stinson the name called as acetomia or ketosis [17]. 
Ketosis occurs worldwide and common in ruminants because, a 
direct supply of glucose is essential for milk production use high 
amount glucose for the formation of lactose [13]. The incidence 
rate is the highest during the transition period of the cows with 
high intensity of prolonged morbidity [19]. And also, a high 
incidence of ketosis during lack pasture on many farms [20]. 
The following Figure 1 show that how much disease occurred in 
global. Source: [21].

Figure 1: Prevalence of subclinical ketosis in worldwide.  

Risk Factors for Development of Ketosis

There are many risk factors of ketosis such as: presence of 
disease condition (any disease in the perpartum period that 

causes anorexia in cow) [22], breed, lactation, BCS at calving 
higher than 3.5 on a 5-point of scale [5], season of calving, and 
dry period length [23]. Other herd-level management factors 
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(housing type, grouping strategies and pen moves) and many 
cow-level factors highly risk for ketosis [24] and also dry period 
length [25].

Pathogenesis
The period from three weeks before to three weeks after 

calving is considered the transition period [26]. During this 
period Negative energy balance and suboptimal mineral levels 
are common in cows [27]. Because of in early lactation of 
cow energy intake is insufficient to meet the energy output in 
milk [28]. Though there is insufficient ruminal production of 
propionic acid, the main precursor of glucose in ruminants, 
which results in hypoglycemia. Hypoglycemia leads to a 
mobilization of fat stores [29]. At the adipose tissue, activation 
of hormone sensitive lipase through the protein kinase A cascade 
results in phosphorylated HSL translocation to the lipid droplet 
and hydrolyzing triglycerides to NEFA and glycerol. In addition 
to HSL, phosphorylation of perilipin plays a key role in lipolysis 
during the transition to lactation period. Conversely, adipose 

triglyceride lipase, which is important in lipolysis in other 
species, is down regulated during the transition to lactation in 
dairy cows [30]. Once liberated, non-esterified fatty acids can 
be metabolized by many maternal and fetal tissues for energy 
production and fat synthesis [31].

Circulating NEFA is a significant contributor to milk fat 
synthesis in the mammary gland postpartum and can contribute 
to almost half of milk fat. During neutral or positive energy 
balance, when plasma NEFA is not elevated, NEFA contributes 
only minimally to milk fat synthesis [32]. NEFA are also largely 
metabolized by hepatic tissue. Uptake of NEFA from plasma by 
the liver is proportional to the plasma concentration and the rate 
of blood flow and is about 25% of NEFA passing through hepatic 
circulation [33]. NEFA and glycerol are oxidized to form Acetyl-
coA which converted into citrate then normal tricarboxylic acid 
cycle take place. However, production Acetyl-coA is greater than 
oxidation so that ketone bodies can be produced [29]. The below 
Figure 2 show mechanism of ketosis formation in dairy cows.
Source: [29,34].

Figure 2: Showing how ketosis is caused when feed doesn’t meet energy demand.

Classification
Ketosis can be classified as primary or secondary based on 

signs commenced and what concurrent diseases were facing the 
animal [34].

Primary ketosis

Primary ketosis is type of ketosis that occurred during 
sufficient glucose which use for milk production. When the cow 
underfeeding and negative energy balance there is sufficient of 
carbohydrate means lack of glucose as result of this primary 
ketosis occurred in transition period [35].

Secondary ketosis 

A type of ketosis occurred as results of long period of 
anorexia and concurrent disease [35].

Clinical finding
Based on clinical signs and blood BHBA concentrations 

ketosis can be divided into clinical ketosis and subclinical ketosis 
[8].

Clinical ketosis

Clinical ketosis is characterized by an increase in blood, urine, 
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or milk ketone bodies in conjunction with other visible signs 
typically occurs within the first six to eight weeks post-calving, 
resulting in anorexia, rapid loss of body weight, licking and 
blindness, hard dry feces, hypoglycemia, ketonemia, ketonuria, 
low level of hepatic glycogen, refused to take concentrate and 
decreased milk production [17]. Odor of ketone bodies in breath 
or milk of the cow is typical clinical sign [36]. Nervous signs are 
seen in primary ketosis [35]. 

Subclinical ketosis

Subclinical ketosis is defined as abnormally increase the 
concentrations of circulating ketone bodies without clinical 
signs in cow [37].

Diagnosis
The diagnosis of clinical and subclinical ketosis was 

confirmed with the help of different qualitative and quantitative 
tests. Clinical ketosis is diagnosed based on history and 
clinical observation which includes decreased appetite, weight 
loss, decreased milk production. However, due to most quite 
subjective clinical signs in the clinical ketosis and lack of signs 
or symptoms in subclinical ketosis. So, diagnosis of ketosis has 
been greatly enhanced by the availability several laboratories 
based rapid cow-side diagnostic tests [38]. These tests can be 
achieved by measuring ketone bodies concentration in the blood, 
urine and milk [20]. Gold standard laboratory diagnosis method 
includes; Fourier transform infrared (FTIR) spectrometry, Gas 
liquid chromatography, Nuclear magnetic resonance (NMR) 
spectroscopy and gas chromatography-mass spectrometry (GC-
MS) tests has been developed to measure BHBA, acetoacetate and 
acetone in the serum or plasma [38]. Quantitative laboratory-
based determination of BHBA, acetoacetate and acetone require 
special laboratory equipment, ultraviolet spectrophotometer, 
biochemistry analyzer, centrifugation, blood sampling, freezing 
of plasma or serum samples, transport of frozen materials to 
the laboratory [38]. Therefore, to relieve inconveniences, to 
reduce laboratory costs and to provide results immediately after 
sampling cow-side diagnostic tests has been proven advantageous 
tests [8]. Several authors have used a cut-off point of 1.2mmol/L 
(1200µmol/L) concentration of BHBA to discriminate between 
healthy cows and cows affected by SCK [38].

The Precision Xtra meter is a useful cow side ketone test for 
the diagnosis of sub clinical ketosis in postpartum dairy cows. The 
Precision Xtra ketone monitoring system is a simple and a direct 
electrochemical test, which gives excellent results for measuring 
whole blood BHBA in cows. The ketone test strip contains the 
enzyme β hydroxybutyrate dehydrogenase, which oxidizes BHBA 
to acetoacetate. This reduces nicotinamide adenine dinucleotide 
(NAD+) to NADH. The NADH is then reoxidized to NAD+ by an 
electron transfer mediator molecule. The electrical current 
generated by this conversion is measured by the meter and is 
directly proportional to the BHBA concentration. Cows with 
blood BHBA levels above 14.4mg/dl are considered positive 
for ketosis [1]. Rothera’s test results of urine and milk samples 

showed a color reaction varied from no color (-), slightly purple 
(+), moderately purple (++), black-purple (+++) and dark -purple 
(++++) in the cases of ketosis. Rothera’s test detects acetone and 
aceto-acetate but not beta-hydroxybutyric acid [39]. Measuring 
the ratio between the percentages of milk fat and milk protein 
is used to monitor the prevalence of SCK in herd. A ratio of fat 
to protein is higher than 1.5 indicates SCK where as a fat to 
protein ratio lower than 1.1 indicates suspected rumen acidosis. 
Moreover, sub clinically ketotic cows showed elevated level of 
folic acid and long-chain fatty acids in milk fat during the first 
nine weeks of lactation [38].

Differential diagnosis

Differential diagnoses for ketosis are listeriosis, lead 
poisoning and rabies. Those diseases associated with nervous 
signs including excessive licking, chewing and hyperesthesia, 
head pressing and apparent blindness [40].

Treatment
Cows may overcome ketosis without treatment. But it takes 

a prolong time to overcome the disease which results loss of 
cost because the cow up to overcome the disease decrease milk 
production. Therefore, immediate treatment is necessary [35]. 
The first treatment can be to increase feed intake to the cow 
and Common treatments for bovine ketosis can be intravenous 
dextrose solutions, glucocorticoids, and oral propylene glycol 
[10]. If a cow is largely or completely anorexic, treatment usually 
will begin with intravenous injection of glucose or possibly 
fructose. The effect of the administration of glucose is allows 
the reversal of ketogenesis and the establishments of normal 
patterns of energy metabolism [41]. Plasma concentrations of 
both glucose and insulin increase significantly about 48 hours 
after injection with dexamethasone [42]. The intravenous 
injections of 500mL of 50% glucose solution results in transient 
hyperglycemia (2 to 2½hr), increased insulin and decreased 
glucagon secretion and reduced plasma concentration of non-
esterified fatty acids. Its effect has a marked improvement 
in most cows but relapses occur commonly unless repeated 
treatment is used [43]. 

Economic Importance 
The most common economic problem in dairy farm is 

subclinical ketosis where intensive farming system practiced 
[44]. The disease runs sub-clinically; therefore, it might be 
called the silent profit robber on account of its impact on the 
profitability of dairy farm [44]. The disease goes unnoticed 
because of the absence of clinical signs, treatment is delayed 
while the performance of the animals is getting affected, hence 
causing heavy economic losses. Subclinical ketosis costs are 
estimated at $78 per case; therefore, based on 40% prevalence 
in a 100 cow herd, the economic loss is approximately $3,120 per 
year [45]. Ketosis is associated with increases in the incidence 
of postpartum disorders and culling, along with decreased 
milk yield and reproductive performance, resulting in severe 
economic loss [5]. Subclinical or ‘hidden’ ketotic cows were 
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not only more likely to develop clinical ketosis, but also are at 
greater risk of developing clinical cases of other metabolic and 
reproductive disorders such as retained placenta, displaced 
abomasum and milk fever [46].

Reduced Milk Yield 

High incidence of ketosis both in clinical and subclinical 
form causes economic loss to the dairy farmers due to loss of 
milk production as well as sharp drop of milk and failure of 
affected animals to return to normal production after recovery 
[13]. Early detection and treatment of SCK with propylene glycol 
(300ml orally once daily until the ketosis resolved) improved 
milk production by about 1.5lbs of daily milk compared to cows 
whose SCK was left untreated [8]. The negative impacts of sub 
clinical ketosis on milk yield are very costly. In recent field 
study, cows with SCK produced 2.6lbs less daily milk (about 
3.4%) for the first 30 days after calving when compared to non-
ketotic cows. The severity of the milk yield loss due to SCK was 
associated with magnitude of the elevation in BHBA at the first 
diagnosis of SCK [6]. 

Increased Risk for Displaced Abomasum 

Ketosis is widely accepted that decreased abomasum motility, 
followed by disturbed abomasal emptying and gas accumulation, 
are prerequisites for dilatation and subsequent displacement 
[47]. Herds with ketosis problems in early lactation cows also 
tend to have increased incidence of displaced abomasum greater 
than 8 % [48]. The association of SCK with increased risk for 
displaced abomasums is common in dairy cattle. Recent study 
reported that blood BHBA≥1.2mmol/L in the first week after 
calving increased the risk for displaced abomasum [18].

Impaired Fertility 

Associations between sub clinical ketosis and fertility have 
been inconsistent. Some researchers evaluated cows from 
mostly small and medium sized herds with ketosis (defined 
as blood BHBA≥1.2mmol/L) in the first week after calving 
reduced the risk for pregnancy at first service. Early detection 
and treatment of SCK with oral propylene glycol increases first 
service conception [43].

Control and prevention
Transition cow management is critical in prevention of a 

range of metabolic diseases. The aims of the transition period 
are to allow cows to develop a strong immune system, maintain 
normal concentrations of calcium in the blood, minimize the 
negative energy balance, prevent calving related diseases and 
develop a rumen adapted to the post-partum diet [49]. Prevention 
of ketosis in the cow by proper nutrition, management of body 
condition and the use of certain feed additives, such as niacin, 
propylene glycol and ionophores [35]. Reducing the severity 
and NEB is crucial in the prevention of ketosis [50]. Ketosis 
prevention and control is the most important method in dairy 
industry for increasing milk yield products and dairy cows free 
from any disease. One of the guiding principles of sustainable 

livestock production is to feed high levels of roughage in the 
diet to promote good rumen digestion. For dairy cattle feed 
at least 60% fresh or conserved roughage, should have high 
quality during early lactation to meet the energy and protein 
requirements. This is especially important in the winter diet 
based on home-gown conserved forages and it may be difficult 
to supply sufficient energy if cows are high yielding [51]. During 
early lactation cows should not be too fat at calving, as this 
depresses their feed intakes. A body condition score of 2.5-3.0 
on a 1-5 scale is optimal and anything higher is considered too 
fat and at greater risk of ketosis [52]. Concentrates feed during 
lactation should be introduced in small amounts, approximately 
two weeks before calving, to allow adjustments of the rumen 
micro flora and dietary changes during early lactation should 
be given gradually to reduce disease. Efforts should be made to 
ease the transition from gestation to lactation by offering highly 
palatable forage at calving, providing suitable accommodation 
and assistance where necessary [53].

Status of Ketosis in Ethiopia
In Ethiopia, little work has been done on ketosis in dairy 

cows, which comprise about 42% of the total cattle herds any 
disease related to production causes a heavy loss to the farmers 
[54]. Literature on the epidemiology of ketosis has not been 
well documented and still insufficient [55,56]. The occurrence 
of ketosis depends much on management, nutrition and climate 
[56]. The decrease in milk yield from ketosis affected cow ranged 
from 18.18 to 40% [56]. According to Mulat [56] the cows were 
administered with dextrose 50% plus dexamethasone effective 
restoration of milk-yield within 3-4 days. The highest prevalence 
of ketosis is recorded in the month of January [55,56]. This 
indicates that ketosis occurred mostly during the winter season 
when the animals are usually housed and there is scarcity of 
pasture [56]. The higher prevalence of ketosis occurs in higher 
age (8-9 years) groups during first month of lactation [55,56]. 
The prevalence rate of ketosis in and around Mekelle town 
(12.2%) [55]. is higher than that of in and around Addis Ababa 
(11.2%) [56] and Hawassa town of dairy farm (5.2%) [57]. 
Summary of prevalence in the following Table1.

Source: [55-57] respectively.

Table 1: Prevalence of ketosis in some part of Ethiopia.

Part of Ethiopia Prevalence of ketosis %

Addis Ababa 11.2

Hawassa 5.2

Mekelle 12.2

Conclusion and Recommendations 
Ketosis is metabolic disease that affects dairy cattle in 

transition period by increase ketone bodies. There are many risk 
factors and multifactorial etiology for occurrence ketosis. Ketosis 
can be classified into clinical and subclinical ketosis based on 
clinical finding. Clinical ketosis is increase concentration of 
ketone bodies with clinical sing, where as sub clinical ketosis only 
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increase of ketone bodies concentration without clinical sing. 
It is major economic problem disease particularly subclinical 
ketosis because silent economy loss without observable clinical 
sings in cow. So that ketosis is major health concern of dairy 
farm in both developed and developing countries. Rothera’s test 
is common diagnosis method in addition to history and clinical 
sign. Intravenous dextrose solution and oral propylene glycol 
are the most effective, inexpensive and easy treatment methods. 
Prevention and control of ketosis is critical by proper nutrition 
and good management of dairy cattle. There is inadequate 
information on the status of the disease in Ethiopia [58].

Depend on the above information mentioned in the review 
and conclusion remarks, the following recommendations are 
forwarded: 

1.	 As much as possible implement good management 
practice (adequate bedding space, limit overcrowding and 
ensure proper feed delivery and adequate water access) in 
dairy cattle.

2.	 Cows should neither have been starved nor be over fat 
at calving. 

3.	 The cow should be preventing from concurrent 
diseases.

4.	 Should give great attention for immediate diagnosis 
and proper treatment of affected cow to restore the milk 
yield and feed intake.

5.	 Creating awareness in order to minimize economic 
loss. 

6.	 Further research should be conducted regarding 
to epidemiology and other associated items of ketosis in 
Ethiopia in order to evaluate the magnitude of the disease 
and its economy impact.
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