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Abstract
Economic impact of subclinical ketosis (SCK) in dairy herds resulted from a decreased productivity, reproductive perfor-
mances, and health condition. In Algeria, data availability regarding the prevalence of SCK in dairy cows were limited. 
The present study is a contribution in that direction and aimed to determine the prevalence of SCK between 2 and 50 days 
postpartum whereas investigating herd- and cow-level risk factors and the metabolic profile associated, on two bovine popula-
tions imported and native. The study was conducted with 16 typical representative local dairy cow herds (n = 100; 2–12 years 
old; located at Merouana, Batna Province) with data collected in a period comprised between August and February of the 
following year. Concentration of cows’ plasma beta-hydroxybutyrate (BHBA) was used for the diagnosis, with values equal 
or higher than 1.2 mmol/L chosen as the threshold for SCK detection. Other key associated zootechnical parameters such 
as body condition score (BCS) were monitored at the same sampling points. Logistic regression analyses were carried out 
to characterize association between parameters. The average SCK prevalence was 9% and resulted highest during first- and 
second-week postcalving, with a peak in the first week. The herd size (< 30 lactating cows) and BCS (≤ 3) were risk fac-
tors associated with SCK prevalence. At the cow-level, risks of SCK increased in thin individuals (P = 0.058; odds ratio 
(OR) = 5.00, 95% confidence interval (CI) = 0.95–26.32). At the herd-level, risks of SCK increased in smaller frame size herds 
(P = 0.047; OR = 8.76, 95% CI = 1.03–74.49). Most cases of SCK were observed in native cows compared to imported. Inter-
estingly, linear stepwise regression showed a good relationship between BHBA and total bilirubin (P = 0.0001; R2 = 0.59). 
There were significant differences between healthy and ketotic cows regarding plasma concentration of bilirubin (P = 0.003), 
glucose (P = 0.001), alanine aminotransferase (ALT) (P = 0.008), creatinine (P = 0.007), and sodium (P = 0.02). According 
to receiver operating characteristic (ROC) curve analysis, the best parameter for SCK prediction is total bilirubin with more 
than 4.09 g/L as a cutoff point (77.78% sensitivity and 94.51% specificity). According to metabolic profile and feeding data 
we suggest that most cases of SCK observed in our study are type I. Further studies are required to validate other metabolic 
predictors for SCK and investigate adaptation of imported cows in semiarid regions in Algeria.
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Introduction

The cow peripartum or transition period goes from the 
3 weeks before and 3 weeks after the calving date. This 
key period is a strong determinant of the full lactation suc-
cess regarding cows’ health and performance (Duffield 
et al. 2009). In early lactation, negative energy balance 
(NEB) is a common phenomenon in high yielding cattle, 
in which energy requirement for milk production increase 
and exceed energy intake. The normal adaptive response of 
cows through the peripartum involves complex and synchro-
nized physiological adjustments in energy intake and basal 
energy requirements for maintenance. In contrast, a poor or 
a limited adaptive capacity response might alter homeosta-
sis and induce NEB, which responsible of increased risks of 
possible periparturient diseases (Herdt 2000). A prolonged 
NEB deemed to be associated with ketosis development 
(Ingvartsen 2006).

Blood BHBA (beta-hydroxybutyrate) determination 
was considered as the gold standard test for ketosis diag-
nosis because of its predominance and stability in blood 
compared to other ketone bodies (acetone or acetoacetate) 
(Oetzel 2004). The common BHBA analysis in laboratory 
used for ketosis diagnosis are, however, time consuming and 
expensive for large sample sizes, as it’s the case of carrying 
out diagnosis in herds belonging to real-producing farms. 
Recently, electronic hand-held devices, initially developed 
for human BHBA determination has been used as cowside 
ketosis diagnosis, and showed excellent test results (Iwersen 
et al. 2009; Voyvoda a Erdogan 2010).

Two different forms of hyperketonemia differing in their 
clinical, frequency and importance has been commonly 
reported, where clinical and subclinical ketosis (SCK) 
both result in increased concentrations of ketone bodies 
in the tissues and milk of the cows (Enjalbert et al. 2001). 
The clinical form of ketosis is generally easy to diagnose 
and has lesser incidence, whereas the subclinical form is 
more prevalent and even more difficult to detect.

The most commonly used cut-off for SCK definition in 
dairy cattle is blood, plasma, or serum BHBA concentration 
at the threshold value equal or exceed 1.2 mmol/L (Ospina 
et al. 2010; McArt et al. 2012; Suthar et al. 2013; Garro 
et al. 2014; Tatone et al. 2016). Previous research reported 
an overall prevalence of cow’s SCK ranges from 8.9 to 34% 
in the first two months of lactation (Duffield 2000). Recently, 
the peak prevalence of SCK was observed in the first two 
weeks of lactation, ranging from 20 to 43% (Duffield 
et al. 2009; Chapinal et al. 2011; McArt et al. 2012; Suthar 
et al. 2013; Berge and Vertenten 2014; Tatone et al. 2016).

The SCK provokes significant direct and indirect eco-
nomic losses in dairy herds, respectively by decreasing 
milk production and increasing the occurrence of peri-
partum diseases (Oetzel 2004). Furthermore, increased 

concentration of BHBA can affect milk production and 
reproduction, and increase the risk of subsequent peri-
partum diseases (Duffield et al. 2009; McArt et al. 2013; 
Suthar et al. 2013).

Currently, limited data on the prevalence of SCK in dairy 
cows’ herds in Algeria are available. The present study is a 
contribution in that direction and aimed to determine the 
prevalence of SCK in postpartum whereas investigating 
herd- and cow-level risk factors and the metabolic profile 
associated, on two bovine populations imported and native.

Materials and methods

Study area

The study was carried out in Merouana, District of Batna 
Province, located in the eastern of Algeria, between 35° 
38′ N latitude and 5° 55′ E longitude, with area of 509.97 
km2 (Fig. 1). Merouana has a semiarid climate with an 
annual average of pluviometry varies between 416.7 and 
376.8 mm. The veterinary services of the district record 
120 herds owners, having approximately 2810 dairy cows, 
composed genetically of native or crossbred and exotic or 
purebred (Direction des Services Agricoles de la Wilaya de 
Batna 2020).

Sample size determination

The total sample size for the present study is determined 
using the formula of prevalence studies as follows: 
n =

Z
2
P(1−P)

d2
 (Pourhoseingholi et al. 2013);

where n is the sample size, Z is the statistic corresponding 
to level of confidence, P is the expected prevalence obtained 
from previous study or a pilot study, and d is the precision 
corresponding to effect size. The confidence level and the 
precision used in our study were, respectively, 95% and 
10%. The prevalence of SCK (50%) in the eastern of Algeria 
reported by Tlidjane et al. (2004) was used as the expected 
prevalence value. By applying these values in the formula, 
the sample size calculated was 96, which was rounded to 100 
cows to be selected in our study.

Study population

The sampled cows were checked clinically for the presence of 
metabolic and infectious peripartum diseases (clinical keto-
sis, displaced abomasum, mastitis, retained placenta, metritis, 
milk fever, and lameness). The study was conducted from 
August to February of the following year. The experimen-
tal cows (n = 100 clinically healthy; 2–12 years old) were 
randomly selected from 16 dairy herds around the District 
of Merouana (Batna Province, Algeria) and were finally 
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composed by native or crossbred cows (n = 56) and imported 
or exotic European purebred cows (n = 44; 23 Holstein and 
21 Fleckvieh). The study cows were composed of 37 pri-
miparous and 63 multiparous. The lactation number ranged 
from one to 10. All herds were overall composed by less than 
50 cows without calving concentration strategy (the calving 
occurring throughout the year). During lactation, cows were 
milked mechanically and have their concentrate portions, 
twice a day.

Data collection

The body condition score (BCS) was determined at the sam-
pling day by a single observer, using a 1 to 5 scale with 
0.25 increments as described by Edmonson et al. (1989). At 
that visit, data related to animals and herds were also col-
lected and organized respectively, based on the origin or the 
genetic of the cow (imported purebred or native crossbred), 
the breed, the number of lactations, the day in milk (DIM), 
and the herd size and feeding.

Feeding

Data about feeding components are summarized in Table 1. 
There are two types of diet composition formula accord-
ing to the herd size. Medium herd owners prepare their 
concentrate formulation and distribute a variety of forage; 
however, small herds use a prepared concentrate-based diet 
and distribute only straw as forage along the year with addi-
tional hay offered in winter. The grazing system of small 
herds performed in two seasons: stubble grazing and dry 
pasture in summer and early autumn and green grazing in 

spring; however, in medium herds, cows are raised indoors. 
All herds distribute forage and concentrate separately. Cows 
were fed 8 kg of concentrate, offered at two equally daily 
portions after milking.

Study design

The present work is a cross-sectional prevalence study, con-
sidering the individual cow as experimental unit and the 
prevalence of SCK as main outcome measurement. Hyper-
ketonemia was defined as suggested by Ospina et al. (2010), 
and cows were considered as having SCK, if blood BHBA 
concentrations equal or exceed 1.2 mmol/L. Each cow was 
tested only once for BHBA blood level, between 2 and 50 
DIM. 16 dairy herds were selected from the list of dairy 
herds recorded in the veterinary services of Merouana’s dis-
trict based on their willingness to participate and the number 
of cows.

Fig. 1   Geographical location of Merouana District, Batna Province, Algeria

Table 1   Components of feeding in the studied herds

VMC vitamin mineral complex 

Ingredient Medium herds Small herds

Concentrate composition
Quantity in 100 kg

40 kg of corn
15 kg of soy
22 kg of bran
22 kg of barley
1 kg of VMC

30 kg of corn
6 kg of soy
63 kg of bran
1 kg of VMC

Forage composition 15 kg of lucerne
15 kg of corn silage or 

oat
Straw ad libitum

Hay of lucerne 
added in 
winter

Straw ad libi-
tum
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The SCK diagnosis

Two types of whole blood samples were collected from the 
caudal and the jugular vein of each cow, for respectively, BHBA 
and metabolic parameter determination. The samples were per-
formed always at the same time, approximately 4 to 5 h after 
morning concentrate distribution. The first one was performed 
using a 19-gauge needle attached to a syringe of 2.5 mL draw. 
Immediately after collection, blood BHBA concentration was 
determined in situ using a β-ketone test strip coupled to a cows-
ide electronic meter (FreeStyle Optium®; Abbott Diabetes Care 
Ltd., Witney, UK) according to the manufacturer’s instructions. 
The second one was collected in a vacutainer tube and let to clot 
for 60 min at room temperature prior to centrifugation. After a 
centrifugation at 3000 rpm for 10 min, the serum was aliquoted 
and stored at − 20 °C until biochemical analysis.

Biochemical analysis

The stored serum was used to determine different param-
eters of metabolism (glucose, triglycerides, cholesterol, 
total protein, albumin, total bilirubin, urea, and creatinine), 
enzymes (aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), and alkaline phosphatase (ALP)), 
and minerals (calcium, phosphorus, sodium, potassium, 
and chloride). Biochemical analyses were carried out using 
specific commercial diagnostic kits as follows: glucose, tri-
glycerides, cholesterol, total protein, albumin, total biliru-
bin, urea, and creatinine (Cypress Diagnostics, Belgium); 
total bilirubin (Roche Diagnostics, Germany); ALT, AST, 
and PAL (Cypress Diagnostics, Belgium); and calcium and 
phosphorus (Spinreact, Spain).

The biochemical analyses were performed through an auto-
mated chemistry analyzer Mindray BS 200 (Bio-Medical Elec-
tronics Co., Ltd, China) according to protocols of the manufac-
turer. Serum sodium, potassium, and chloride were determined 
using Easylyte plus Na/K/Cl electrolyte analyzer (Medica Cor-
poration, USA), a fully automated system based on ion selective 
electrode (ISE) method, using solution pack kit.

Statistical analysis

The data were analyzed using the statistical software SPSS 
version 20.0. All variables were presented as mean and stand-
ard of deviation (SD) or median and interquartile range (IQR) 
according to data distribution, normally and non-normally, 
respectively. A value of P ≤ 0.05 was considered significant. 
The BHBA concentration was considered as a continuous vari-
able. Student t test was performed to compare the variation of 
metabolic blood values between cows with and without SCK. 
Pearson's correlation analyses were also conducted to evalu-
ate relationships between blood BHBA and other metabolic 
parameters.

For logistic regression analyses, qualitative variables were 
dichtomised. The DIM was categorized as weeks. The origin 
or genetic of cows was categorized as imported or purebred 
(n = 44) and native or crossbred (n = 56), and the breed of 
cows as Holstein (n = 23) and Fleckvieh (n = 21). The rang of 
lactation was categorized as 1 (primiparous) and ≥ 2 (multipa-
rous). The BCS of cows was categorized as thin (≤ 3.0) and 
fair (> 3.0). The herds were classified according to their size 
into two herd-size classes: small (10–29), medium (30–50). 
Moreover, for linear regression analyses, blood BHBA values 
were converted to mg/dL (initial unit was mmol/L) to avoid 
values of zero points, which are difficult to normalize. After-
wards, the data were normalized using a two-step approach for 
transforming continuous variables to normal (Templeton 2011).

For categorical variables, a chi-square test was performed 
to validate potential risk factors associated with SCK results; 
significant variables (P ≤ 0.05) were subjected to binary logis-
tic regression. The SCK disease (binary variable) was consid-
ered as a dependent variable and the factors as independent 
variables. The final model was verified with the Hosmer and 
Lemeshow goodness of fit test (Hosmer et al. 2013). How-
ever, a linear stepwise regression was performed for numerical 
variables. The normalized BHBA was included in the model 
as dependent variable and all other metabolic variables were 
included as independent variables. As a final step in step-
wise regression (forward stepwise elimination), all variables 
selected previously with a P ≥ 0.05 were excluded. Collinearity 
between independent variables was verified in the two previ-
ously cited models by a correlation analysis, where variables 
with a strong collinearity (correlation coefficient > 0.9) were 
excluded from the multiple analysis.

Finally, the cut-off points or critical thresholds of meta-
bolic predictors for SCK diagnosis (dependent binary vari-
able) were determined using receiver operating characteris-
tic (ROC) analysis, where significant variables in correlation 
and regression analysis were subjected to this analysis. 
The area under the curve (AUC) was performed to evalu-
ate the diagnostic precision of the selected parameters and 
only significant variables were selected for prediction (H0: 
AUC = 0.5 versus H1: AUC ≠ 0.5; P ≤ 0.05). Youden’s index 
was calculated to determine the optimal thresholds of the 
significant parameters.

Results

Descriptive statistics

The mean ± SD of determined BHBA across all cows was 
0.65 (± 0.43) mmol/L ranging from 0.1 to 2.5 mmol/L. The 
blood BHBA concentration in cows with and without SCK 
were respectively, 1.72 (± 0.55) mmol/L and 0.55 (± 0.23) 
mmol/L. The median (IQR) day for SCK diagnosis was 7 (3) 
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DIM. The median (IQR) lactation number was 2 (2) and 3 (3) 
in non-SCK and SCK cows, respectively. The median (IQR) 
BCS was 2.75 (1) in ketotic cows and 3 (1) in healthy cows.

Prevalence

The SCK was defined in the present study as BHBA con-
centrations higher or equal to 1.2 mmol/L. At this cutoff 
point, the prevalence of SCK was 9% between 2 and 50 
DIM. Using alternative thresholds such as 1.0, 1.4, and 
1.7 mmol/L for SCK definition, the prevalence became 
respectively, 14%, 6%, and 4%. 

All diagnosed cases of SCK have been observed in the 
first three weeks post-calving. The peak prevalence of 
SCK was observed during the first week followed by the 
second week at 55.6% and 33.3%, respectively, while the 
remaining cases (11.1%) were detected in the third week.

Logistic regression analysis (risk factors for SCK)

The results of independence analysis are presented in 
Table 2 and those of logistic regression in Table 3. Variables 
subjected to risk analysis were: parity, BCS, breed, genetic 

and herd size. In total, one herd-level factor and four animal-
level factors. In the final model, the risk factors associated 
with SCK were: herd size < 30 lactating cows and BCS ≤ 3.

Parity

The chi-square test did not show any significant differ-
ences between multiparous and primiparous regarding the 
occurrence of SCK (P = 0.041; Table 2). As can be seen in 
Table 1, the prevalence of SCK seems increasing in multipa-
rous cows (7%) compared to primiparous cows (2%).

BCS

The BCS was assigned to each cow once by visual assess-
ment. Interestingly, there is a significant effect of SCK on 
BCS (P = 0.478; Table 2). Thin cows (BCS ≤ 3.0) were at 
significantly higher risk for developing SCK compared 
to fair cows (P = 0.058; OR = 5.00, 95% CI = 0.95–26.32; 
Table 3).

Breed

The breed of cow did not affect the occurrence of SCK 
(P = 0.489; Table 2). It can be seen from the data in Table 2 
that all imported purebred cows diagnosed with SCK were 
of Holstein breed.

Genetic

The results did not detect any significant difference related 
to the origin of cows on the occurrence of SCK (P = 0.292; 
Table 2). The SCK seems to be more common in native cows 
(7 cases) than in cows imported (2 cases).

Herd size

There was a significant difference between SCK occurrence 
and herd size (P = 0.031; Table 2). Our findings also indicate 

Table 2   Univariate analysis of categorical variables for risk factors 
associated with subclinical ketosis (SCK)

* Variables selected and used in the multiple analysis (P ≤ 0.05)

Factors Comparison 
level

Cows without 
SCK (total 
n = 91)

Cows with 
SCK (total 
n = 9)

P value

Parity Primiparous 35 2 0.478
Multiparous 56 7

BCS  ≤ 3.0 “thin” 37 7 0.041
 > 3.0 “fair” 54 2

Genetic Native 49 7 0.292
Imported 42 2

Breed Holstein 21 2 0.489
Fleckvieh 21 0

Herd size Small 43 8 0.031
Medium 48 1

Table 3   Final logistic 
regression model of the 
association between BCS and 
herd size with the risk of SCK 
occurrence

Hosmer and Lemeshow test: chi-square = 3.879; df = 2; P = 0.144; R2 = 0.224

Factors Levels Estimate S.E OR 95% CI P value

BCS Fair Referent
Thin 1.61 0.85 5.00 0.95–26.32 0.058

Herd size Medium Referent
Small 2.17 1.09 8.76 1.03–74.49 0.047

Constant  − 4.83 1.20 0.01 0.000
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that the prevalence of SCK was lesser in medium-sized herds 
with 1 case against 8 cases recorded in small herds. Small 
herds have more risk for SCK compared with medium size 
herds (OR = 8.76, 95% CI = 1.03–74.49, P = 0.047; Table 3).

Mean’s comparison (metabolic status comparison 
between ketotic and healthy cows).

Metabolic parameters differences between cows with 
and without SCK are summarized in Table 4. When cows 
with SCK were compared to healthy cows, there were sig-
nificant differences regarding bilirubin (P = 0.003), glucose 
(P = 0.001), ALT (P = 0.008), creatinine (P = 0.007), and 
sodium (P = 0.02). Total bilirubin showed higher values in 
cows with SCK compared to those without SCK, dissimilar 
to other significant parameters (glucose, ALT, creatinine and 
sodium) ketotic cows presented the lowest values.

Pearson’s correlation coefficients and regression 
analysis (metabolic parameters association 
with blood BHBA)

The results of correlational analysis are presented in 
Table 4 and those of linear regression in Table 5. There was 
a positive correlation between BHBA and total bilirubin, 
triglycerides and chlorides with respective coefficients of 
correlation 0.52 (P = 0.000), 0.22 (P = 0.027), and 0.23 
(P = 0.023) (Table 4). After a forward stepwise elimination, 
four parameters statistically significant were retained in the 
finale model, which are: total bilirubin, chloride, sodium 
and phosphorus (Table 5). Interestingly, a good positive 
correlation is observed between BHBA and total bilirubin 

(R2 = 0.59, P = 0.000; Table 5). In Fig. 2, there is a clear 
linear association between blood BHBA and total bilirubin.

ROC analysis (metabolic predictor selection 
and analysis)

The metabolic predictors for SCK diagnosis were selected 
based on their coefficients in correlation and regression 
analysis, where the significant variables are selected. For 
prediction analysis only significant variables to AUC analy-
sis (area > 5; P ≤ 0.05) were retained. Total bilirubin was 
the only metabolic predictor (area = 0.890; P = 0.0001) 
with a discriminating ability for SCK detection. The opti-
mal prediction threshold was determined by Youden’s index 
(J = 0.7228; 95% CI = 0.3785 to 0.8559) for total bilirubin to 
be more than 4.09 g/L (95% CI =  > 3.14 to > 5) with 77.78% 
sensitivity and 94.51% specificity (Table 6). Figure 3 pre-
sents the ROC plot of total bilirubin for SCK diagnosis.

Table 4   Univariate analysis of 
metabolic profile parameters 
comparison between ketotic 
and healthy cows and 
correlation between blood 
BHBA concentration and other 
metabolic parameters

Corr. coef. correlation coefficient

Metabolic parameters Independent-samples t test Pearson correlation test

SCK cows Healthy cows P value Blood BHBA

Mean ± σ Mean ± σ Corr. coef P value

Albumin (g/L) 27.19 ± 5.17 25.55 ± 4.44 0.33  − 0.12 0.231
Total protein (g/L) 66.16 ± 12.19 69.44 ± 15.55 0.55 0.18 0.068
Total bilirubin (g/L) 2.71 ± 1.05 4.87 ± 1.62 0.003** 0.52 0.0001***
AST (IU/L) 73.09 ± 30.85 76.66 ± 19.18 0.62 0.09 0.359
ALT (IU/L) 21.27 ± 11.69 14.00 ± 6.14 0.008**  − 0.05 0.634
ALP (IU/L) 48.91 ± 25.18 39.77 ± 12.29 0.08 0.04 0.701
Urea (g/L) 0.24 ± 0.12 0.27 ± 0.08 0.40 0.05 0.597
Creatinine (g/L) 13.02 ± 3.03 10.92 ± 1.74 0.007**  − 0.08 0.413
Cholesterol (g/L) 0.94 ± 0.36 1.15 ± 0.38 0.15  − 0.04 0.711
Triglycerides (g/L) 0.16 ± 0.04 0.20 ± 0.10 0.28 0.22 0.027*
Glucose (g/L) 0.61 ± 0.18 0.44 ± 0.10 0.001**  − 0.04 0.711
Phosphorus (mg/L) 48.71 ± 10.61 48.33 ± 5.65 0.86 0.11 0.276
Calcium (mg/L) 83.81 ± 15.22 83.11 ± 31.02 0.94  − 0.03 0.773
Sodium (mEq/L) 152.70 ± 18.46 145.25 ± 6.38 0.02*  − 0.10 0.326
Potassium (mEq/L) 4.55 ± 0.74 4.53 ± 0.43 0.91 0.01 0.949
Chloride (mEq/L) 80.62 ± 10.67 82.00 ± 4.30 0.48 0.23 0.023*

Table 5   Association (final stepwise linear regression model) between 
BHBA and total bilirubin, chloride, chloride, and phosphorus

Model summary: F = 14.978; df = 4; P = 0.000; R2 = 0.387

Variables Estimate S.E Beta P value

Total bilirubin 2.06 0.29 0.59 0.0001
Chloride 0.07 0.03 0.18 0.043
Sodium  − 0.04 0.02  − 0.17 0.034
Phosphorus 0.08 0.04 0.18 0.042
Constant  − 2.43 4.05 0.549
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Discussion

Literature data showed a wide variation in the reported  
prevalence of bovine ketosis. Previous studies indicate that  
prevalence of SCK ranges from 6.9 to 14.1% in the first  
2 months of lactation (Dohoo and Martin 1984; Andersson  
and Emanuelson  1985; Nielen et  al.  1994; Duffield 
et al. 1997), whereas, recently, the peak prevalence of SCK 
in dairy cattle was noticed in the first 2 weeks of lactation,  
ranging from 20 to 43% (Herdt 2000; Duffield et al. 2009; 
Chapinal et al. 2011; McArt et al. 2012; Suthar et al. 2013).  
Furthermore, a recent study covering wider geographic areas  
from different continents reported that SCK prevalence 
ranged approximately from 8 to 40% (Brunner et al. 2019).  
This variation of SCK prevalence across different countries 
is related to numerous factors, such as, the test characteristics  
(sensitivity and specificity), the threshold used for defining 
SCK, the screening period in post-calving (e.g., first week 
or month), the scheme of monitoring (testing once, twice or 
more) and test intervals (e.g., week, more or less).

The overall prevalence of SCK detected in our research 
was 9% between 2 to 50 DIM. Recently, it has been shown 
that the median time for SCK resolution is about 5 days; 
consequently, the weekly monitoring might underestimate 
the real incidence of SCK (McArt et al. 2012). Assessing 
the real incidence of SCK require testing twice or more in a 
week, because the weekly screening can potentially lead to 
development and resolution of SCK between test intervals.

Reported prevalence rates range from 11.2 to 36.6% in 
Western Europe (Suthar et al. 2013), from 26 to 56% in North 
America (McArt et al. 2012), and from 8 to 40% in 12 different 
countries worldwide (Brunner et al. 2019). This variation is 
related to the difference in the scheme of sampling, the period 
of monitoring and the definition of SCK. Further explanations 
for the elevated incidence observed in Western productions 
systems is the higher milk production objectives. Garro et al. 
(2014) and Samiei et al. (2013) reported SCK prevalence of 
10.3% and 12.2%, respectively, which are about the same as 
reported in our study and share the similar protocol for sam-
pling and defining SCK. Similarly, a recent study reported a 

Fig. 2   Association (fitted line) 
between blood BHBA and total 
bilirubin

Table 6   Prediction threshold, 
Se, Sp, + LR, − LR, NPV, PPV, 
Acc, and area under the ROC 
curve for total bilirubin in cow 
SCK diagnosis

AUC = 0.890; SE = 0.060; Z = 6.157; P = 0.001; 95% CI = 0.812 to 0.944

Parameter Statistic Value 95% CI

Total bilirubin threshold (> 4.09 g/L) Sensitivity (Se) 77.78% 39.99 to 97.19%
Specificity (Sp) 94.51% 87.64 to 98.19%
Positive likelihood ratio (+ LR) 14.16 5.64 to 35.55
Negative likelihood ratio (− LR) 0.24 0.07 to 0.80
Positive predictive value (PPV) 58.33% 35.79 to 77.86%
Negative predictive value (NPV) 97.73% 92.68 to 99.32%
Accuracy (Acc) 93.00% 86.11 to 97.14%
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SCK prevalence of less than 10% in 2 countries (Australia and 
Colombia) out of 12 (Brunner et al. 2019). This later explain 
this difference in SCK prevalence at the level of countries by 
feeding and genetic variation, milk production objectives and 
management differences in dairy herds.

All cases of SCK have been diagnosed in the first 
three weeks post-calving, with a peak during the first and 
second weeks, followed by the third week. As reported 
previously, the peak prevalence of SCK occurred during  
the third and fourth week (Dohoo and Martin  1984;  
Andersson and Emanuelson 1985). Recently, it has been 
reported that the peak prevalence of SCK was mostly seen 
in the first two weeks postpartum (McArt et al. 2012; 
Suthar et al. 2013; Tatone et al. 2016). This recent finding 
corroborate with our outcomes and with those of Duffield 
(2000), who stated that advanced metabolic challenge 
closer to calving is a consequence of progress in genetics 
and feeding management.

Important risk factors influencing the occurrence of SCK 
include parity, BCS, genetics, herd and season. Herd-level 
differences regarding the prevalence of ketosis has been well 
documented (Duffield 2000).

In this study, the SCK prevalence was higher in multipa-
rous cows but without significant effect. Most studies reported 
an increased risk of SCK occurrence in cows with higher par-
ity (≥ 3) (McArt et al. 2012; Suthar et al. 2013; Berge and 
Vertenten 2014; Garzón-Audor and Oliver-Espinosa 2019). 
This may be related to the higher NEB and lipid mobiliza-
tion in multiparous than primiparous cows, in which energy 
depletion is related to both concomitant physiologic stages 
(gestation and lactation) (Berge and Vertenten 2014).

The present results suggest that thin cows (BCS ≤ 3.0) 
are more prone to develop hyperketonemia than fair cows. 
Dissimilar to our outcomes, cows leading to overcondition 
(fatty), with BCS ≥ 3.5, have an increased risk of ketosis 
in early lactation (Gillund et al. 2001; McArt et al. 2015; 
Seifi et al. 2011). Moreover, it has been reported recently 
that cows with BCS ≥ 3.0 at calving have an increased risk 
of ketosis associated with enhanced lipolysis, leading to 
greater plasma concentrations of BHBA (Garzón-Audor 
and Oliver-Espinosa 2019). However, in early lactation, it’s 
natural to think that thin cows have low-fat reserves, which 
make them unable to manage the higher energy and nutrient 
requirements made by milk production. Also, cows highly 

Fig. 3   Curve receiver operat-
ing characteristic (ROC) plot of 
total bilirubin for diagnosis of 
SCK in dairy cattle
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supplemented with simple sugars, could produce more 
BHBA not because of lipid mobilization (they don’t need 
because they are not in NEB) but because of feeding (feed 
source BHBA).

The prevalence of SCK was significantly higher in small 
sized herds compared to medium size herds. Similarly, 
Berge and Vertenten (2014) reported a negative associa-
tion between the size of lactating herd and the prevalence of 
ketosis. According to the same authors, herds with greater 
size have more pens related to lactation stages with specific 
dietary recommendations and higher nutritional services. 
Recently, it has been shown that large lactating herds were at 
higher risk for ketosis development (Garzón-Audor & Oliver-
Espinosa 2019). This later explains that large herds raise high 
lactating cows to maximize milk production as a consequence 
SCK risk increases. According to these contradictory findings 
we suppose that herd size can be a confounding factor because 
it is more related to herd management and feeding as well as 
individual cow variation (genetic selection).

The cow’s breed did not affect the occurrence of SCK 
contrary to a previous (Andersson and Emanuelson 1985), 
and a more recent study who demonstrated that Jersey 
breed was more susceptible to ketosis compared to Hol-
stein (Tatone et  al.  2016). Similar to our results, other 
authors found no association between breed and ketosis 
occurrence (Berge and Vertenten 2014; Garzón-Audor and 
Oliver-Espinosa 2019).

The present research demonstrated that SCK was more 
common in native cows than in cows imported but with-
out significant effect. All cases of SCK in native cows were 
observed in small herds and the most of imported cows were 
raised in medium herds with a good feeding and housing 
compared to small herds. We especulate that this genetic 
variation in SCK susceptibility could be more related to 
feeding practices. Further explanation for lower cases of 
SCK in exotic cows is their adaptability to local environ-
mental conditions (heat stress and lack of forage). As we 
hypothesized, van der Drift et al. (2012) evokes that environ-
mental factors affect more the ethology of hyperketonemia 
in herds compared to genetic aspects. We think that under 
harsh conditions, cows with high production potential might 
adapt by reducing milk than expected based on their breed-
ing value, but further investigations are needed.

The concentration of glucose was significantly lower 
in ketotic cows than healthy. Similarly, other authors have 
reported a significant lower glucose level in ketotic cows and 
compared to healthy (Sun et al. 2015; Cao et al. 2017; Yang 
et al. 2019). In the same view, a recent study showed that 
hypoglycemia affects roughly one-third of hyperketonemic 
cows (Dubuc and Buczinski 2018). Moreover, statistically 
significant higher blood levels of total bilirubin were found 
in ketotic cows. In the same vein, the blood total bilirubin 
levels were higher in cows with SCK compared to those 

without (Sun et al. 2015; Yang et al. 2019). The significant 
difference observed in glucose and total bilirubin may be 
related in part to anorexia and in other part to the stressing 
effect of lipomobilization and ketone bodies accumulation 
on liver; this hepatic accumulation may decrease the pro-
cesses of gluconeogenesis for glucose and reduce the excre-
tory capacity for total bilirubin. However, the blood ALT, 
creatinine and sodium values recorded in the present study 
were slightly lower in hyperketonemic cows but within phys-
iological limits and without pathophysiological signification.

Pearson’s correlation coefficients and linear regres-
sion analysis demonstrated a reliable association between 
BHBA and total bilirubin. This finding supports previous 
research, which reported a good positive correlation between 
acetoacetate and total bilirubin (Kauppinen 1984; Ropstad 
et al. 1989). Our findings regarding relations between BHBA 
and bilirubin but not between BHBA and ASAT are consist-
ent with results reported by Pechová and Nečasová (2018).

An important finding in our work was the excellent dis-
criminating ability of total bilirubin for SCK diagnosis using 
the threshold 4.09 g/L (77.78% sensitivity and 94.51% speci-
ficity). Sun et al. (2015) reported that total bilirubin concen-
tration more than 3.3 mmol/L indicates abnormal liver func-
tion and can also be considered as a predictor for a high risk 
of ketosis (58% sensitivity and 83% specificity). This later 
considered total bilirubin as indicator reflecting the capacity 
of the liver for excretion, secretion and detoxication, which 
is in agreement with our results.

According to the metabolic profile which indicates a 
lower glycemia and higher total bilirubin in ketotic cows 
and higher cases of SCK in small herds in which the quality 
of feeding is lower compared to medium herds, we suggest 
that observed hyperketonemia in our study is type I which 
related to low energy density of rations.

Conclusion

This study allowed obtaining first report on the prevalence 
of SCK and the associated risk factors in Algeria. The 
prevalence was 9% and lower BCS, advanced parity and 
decreased herd size were considered as major risk factors 
for developing SCK in dairy cows in the early lactation (2 to 
50 DIM). Also, SCK occurs mostly within the first 2 weeks 
postpartum (with a peak at the first week), which make this 
period the best for monitoring to maximize detection and 
reduce negative economic impacts. At the metabolic level, 
cows with SCK presented a lower glycemia and a higher 
total bilirubin level compared to healthy ones. Interestingly, 
a good positive correlation is observed between BHBA and 
total bilirubin, that showed the best prediction potential of 
SCK. We suggest that ketosis type I is the dominated one 
in our study. Further studies are required to validate other 
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metabolic predictors for SCK diagnosis and investigate on 
feeding and adaptation of imported highly yielding cows in 
semiarid regions in the eastern of Algeria.
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