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Incidence of subclinical ketosis in dairy cows in the  
semi-arid region of the state of Paraíba
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INTRODUCTION
During the transition period, which includes the three weeks 
before and three weeks after calving, cows require more energy 
to produce colostrum and milk and without correct nutritional 

management can face various problems. This period is represented 
by metabolic, reproductive, and digestive changes. Challenges dur-
ing this period include the occurrence of various diseases, espe-
cially ketosis (Deniz; Aksoy; Metin, 2020; Schneider et al., 2020).

ABSTRACT: Subclinical ketosis (SCK) is one of the main metabolic diseases to occur during the transition period in dairy 
herds. The aim of this study was to evaluate the localized incidence of SCK in dairy cows in the semi-arid region of the state 
of Paraíba, Brazil, and to correlate this data with the number of weeks of lactation and the body condition score (BCS). 
Samples were collected from the coccygeal vein of 257 lactating dairy cows, with a view to determining serum ketone and 
glucose body levels. Animals that presented serum ketone body levels equal to or greater than 1.2 mmol/dL were considered 
to have SCK. It was found that 5.45% of the dairy cows presented SCK. The weeks of lactation and the BCS had no influence  
(P > 0.05) on the levels of serum ketone bodies or glucose of the dairy cows. For serum ketone body levels, 94.55% (243) of the 
cows remained within the normal limits for metabolites. Most of the cows, 67.70% (174) were within normal serum glucose 
levels, while 23.35% (60) presented hypoglycaemia, and 8.95% (23) presented hyperglycaemia. The BCS and serum glucose 
levels are negatively correlated, with a coefficient of -0.1329 (P = 0.0335). No significance was found 0.087 (P = 0.1608) for 
the correlation between the BCS and serum ketone body levels. The localized incidence of SCK in this study was 5.45% of 
the total number of cows, with the BCS and number of weeks of lactation having no influence on incidence of the disorder. 

KEYWORDS: Animal production; Brazilian semi-arid; β-hydroxybutyrate; Metabolic disorders.

RESUMO: A cetose subclínica (CSB) é uma das principais doenças metabólicas que ocorrem durante o período de transição 
em rebanhos leiteiros. O objetivo deste estudo foi avaliar a incidência pontual de CSB em vacas leiteiras no semiárido do 
estado da Paraíba, Brasil, e correlacionar esses dados com as semanas de lactação e escore da condição corporal (ECC). 
Foram coletadas amostras da veia coccígea de 257 vacas leiteiras lactantes, com o objetivo de determinar os níveis corporais 
séricos de corpos cetônicos e glicose. Os animais que apresentaram níveis séricos de corpos cetônicos igual ou superior a 1,2 
mmol/dL foram considerados com CSB. Verificou-se que 5,45% das vacas leiteiras apresentavam CSB. As semanas de lactação 
e ECC não influenciaram (P > 0,05) os níveis séricos de corpos cetônicos e de glicose das vacas leiteiras. Para os níveis séricos 
de corpos cetônicos, 94,55% (243) das vacas leiteiras permaneceram dentro dos limites normais do metabólito. A maioria das 
vacas, 67,70% (174) estavam dentro dos níveis séricos normais de glicose, enquanto 23,35% (60) apresentavam hipoglicemia, 
e 8,95% (23) apresentavam hiperglicemia. O ECC e os níveis séricos de glicose foram negativamente correlacionados, com 
coeficiente de -0,1329 (P = 0,0335). Não foi encontrada significância 0,087 (P = 0,1608) para a correlação entre ECC e os 
níveis séricos de corpos cetônicos. A incidência pontual de cetose subclínica neste estudo foi de 5,45% do total de vacas, com 
ECC e número de semanas de lactação não apresentando influência na incidência do transtorno.
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https://orcid.org/0000-0002-2363-2890
https://orcid.org/0000-0003-0845-099X
https://orcid.org/0000-0001-7474-6962
https://orcid.org/0000-0001-9868-6896
https://orcid.org/0000-0003-4265-4742
https://orcid.org/0000-0002-2206-414X
mailto:daniel.cezar@ifpb.edu.br
https://doi.org/10.21708/avb.2023.17.3.12040


5252 Acta Veterinaria Brasilica September 17 (2023) 51-57

Silva et al.

At the start of lactation, cows commonly experience a 
negative energy balance, which corresponds to a rapid increase 
in energy requirements for milk production together with a 
lower capacity for food intake. When this physiological state 
is pronounced or prolonged, it leads to partial oxidation of 
non-esterified fatty acids as a source of energy and, conse-
quently, to increased concentrations of β-hydroxybutyrate 
in the blood, which determines the development of ketosis 
in post-partum dairy cows (Rodriguez-Jimenez et al., 2018; 
Steeneveld et al., 2020).

Ketosis can present in the clinical or subclinical form. For a 
diagnosis of subclinical ketosis (SCK), blood β-hydroxybutyrate 
limits vary between 1.2 and 1.4 mmol/L, with no clinical symp-
toms. When β-hydroxybutyrate concentrations are greater than 
3.0 mmol/L with clinical symptoms, clinical ketosis should 
be considered (Brunner et al., 2018).

Another parameter aid to diagnosing ketosis is an assess-
ment of blood glucose. Healthy animals have serum glucose 
levels in the range of 45 to 75 mg/dL, while cows with SCK 
have levels of around 35 to 45 mg/dL, and cows that have 
developed the clinical form, of less than 35 mg/dL (Guliński, 
2021; Zhang; Ametaj, 2020).

Dairy cows with SCK are at increased risk of developing 
production-related diseases such as clinical ketosis, aboma-
sum displacement, placental retention, lameness, mastitis 
and metritis, which can affect the welfare of the animal 
(Brunner et al., 2018; Djoković et al., 2019). Furthermore, 
the subclinical form results in greater losses and higher 
costs compared to clinical ketosis, being associated with 
lower milk production, lower reproductive performance, 
and an increase in the number of cows destined for culling 
(Steeneveld et al., 2020).

In the semi-arid regions of Brazil, rainfall is scarce or poorly 
distributed, which compromises food production for main-
taining the herds. Due to the temporal and spatial irregularity 
of the rain, the supply of forage is not constant throughout 
the year (Silva et al., 2020). This indicates a need to comple-
ment and adapt the diet based on the status and production 
of each individual dairy cow.

In milk production systems in semi-arid regions, such 
as the Sousa micro-region of Paraíba, there are limitations 
on the nutritional management of herds due to the qualita-
tive and quantitative seasonality of forage and grain produc-
tion. In such a situation, the animals are fed on unbalanced 
diets that are deficient in certain nutrients (Silva et al., 2019). 
In addition, the lack of information/professionalism of the 
rural producers in the region, or the lack of technical moni-
toring, can also be risk factors for the development of ketosis.

The aim of this research was to evaluate the localized inci-
dence of SCK and associate this with the parameters of body 
condition score (BCS) and weeks of lactation in dairy herds 
inserted in milk production systems in the Sousa micro-region 
of the state of Paraíba, Brazil.

MATERIAL AND METHODS

Geographical location, property, and animal selection

This research was approved under registration no. 
23000.000469.2018/81 submitted to the Ethics Commission 
for the Use of Animals (CEUA) of the Federal Institute of 
Education, Science and Technology of Paraíba, Sousa Campus.

The research was carried out in the Sousa, in an area of 
4,784,729 km2, covering the following municipalities: Sousa, 
located at 06º50`22” S, 38º17`42” W, at an altitude of 220 
meters; Pombal, 6°46’8’’ S, 37°47’45’’ W, altitude 175 meters; 
Aparecida, 6°46’18’’ S, 38°2’52’’ W, altitude 237 meters; São 
João do Rio do Peixe, 6°43’52’’ S, 38°26’53’’ W, altitude 243 
meters. According to Köppen-Geiger, the predominant climate 
in the region is type Bsh, hot semi-arid (Beck et al., 2018), 
with an average annual rainfall in 2018 of 910.6 mm, con-
centrated from January to June, an average annual tempera-
ture of 34.01°C, and average relative humidity of 69.77%. 
In 2019, the average annual rainfall was 845.9 mm, with an 
average temperature of 34.39 °C and relative humidity of 
69.66%, (INMET, 2021).

The localized incidence survey of SCK took place from 
June 2018 to March 2019. A total of 12 dairy farms partici-
pated in the research, which received visits from the team to 
collect blood from 257 dairy cows in postpartum. The crite-
rion for selecting the properties was a minimum production 
of 200 liters of milk per day. To select the animals, the crite-
ria were first-calf heifers, and lactating cows independent of 
the number of births, within a period of from one to fifteen 
weeks of lactation and showing no signs of clinical ketosis or 
infectious disease. The dairy cows were Holstein and cross-
breed Holstein, with average daily production/cow was 15.7 
± 4.84 L/day, having as a food base with Brachiaria spp. or 
Panicum sp. roughage, in a rotational grazing system, and 
supplemented with grains, silages, and a commercial mineral 
supplement (Novo Bovigold Tortuga®) in the following con-
centrations: Ca 190-220 g/kg, P 60 g/kg, S 20 g/kg, Mg 20 
g/kg, K 35 g/kg, Na 70 g/kg, Cl 119 g/kg, Co 15 mg/kg, Cu 
700 mg/kg, Cr 10 mg/kg, Fe 700 mg/kg, I 40 mg/kg, Mn 
1600 mg/kg, Se 19 mg/kg, Zn 2500 mg/kg and F 600 mg/
kg, were offered to the cows following the manufacturer’s 
recommendations of 20 to 30 g per 100 kg of body weight/
day respectively.

The BCS was evaluated by the same veterinarian in all 
the experimental animals, considering a scale of from 1 to 
5, with intervals of 0.50, following the recommendations of 
Bell et al. (2018).

Blood sample collection

Blood samples were collected from the coccygeal vein with 
the aid of a needle and a Vacutainer® tube with clot activator. 
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A total of 257 blood samples (dairy cows) were collected 
by venipuncture from cows that were between the first and 
fifteenth week of lactation. After collection, the samples 
were placed in a cool box and sent to the Clinical Analysis 
Laboratory of the Veterinary Hospital at the Federal Institute 
of Education, Science and Technology of Paraíba, Sousa 
Campus, for later analysis.

Determination of ketone body and glucose  
serum concentrations

Ketone body concentrations (β-hydroxybutyrate) were deter-
mined by rapid electronic field diagnosis, using the Abbott porta-
ble FreeStyle® Optium Neo monitor (ANVISA – 80146501882, 
Abbott Laboratórios do Brasil LTDA, Brooklin-SP, CNPJ: 
56.998.701/0001-16). Immediately after collecting a blood 
sample from the coccygeal vein, a volume equal to one drop of 
blood was placed on the reagent strip test for β-hydroxybutyrate, 
which was then inserted into the portable device and the read-
ing taken after 10 seconds. The equipment was set up to mea-
sure the levels of β-hydroxybutyrate in both venous and capil-
lary blood, with the analytical values expressed from 0 to 8.0 
mmol/L. Animals that presented a total ketone body concen-
tration equal to or greater than 1.2 mmol/L with no clinical 
signs were diagnosed with SCK, as per Brunner et al. (2018).

The tubes containing the blood samples were centrifuged 
at 3600 rpm for 10 minutes. The serum was then removed to 
determine the glucose concentration by colorimetry using the 
LabTest Glucose Liquiform biochemical kit (Glucose – Ref. 
133, Labtest Diagnóstica, ANVISA – 10009010236, LabTest 
Diagnóstica S.A., CNPJ: 16.516.296/0001-38, Lagoa Santa, 
Minas Gerais). Animals with a serum glucose concentration 
of between 45 - 75mg/dL were considered normoglycaemic 
(Guliński, 2021). The analyses were carried out using a BIO-
2000 IL Semi-Automatic Biochemical Analyser (Bioplus, 
Products for Laboratories Ltda, Barueri, São Paulo).

Statistical analysis

The data were analyzed following the PROC MEANS proce-
dure of the SAS statistical package (2001), using descriptive 
statistics for the mean, standard deviation, and coefficient of 
variation. In addition, adherence of the data to the normal-
ity curve was tested using the PROC UNIVARIATE proce-
dure, with discrimination carried out by the Shapiro-Wilk 
test at 5% significance. After verifying normal distribution, 
the mean value test was chosen based on the variability of the 
parameters under evaluation. A correlation analysis to study 
the influence of feed management and production aspects 
on SCK was carried out as per the PROC CORR procedure, 
adopting a significance level of 5%. The PROC CANCORR 
procedure was used to diagnose the effect of multicollinear-
ity or linear dependence between the variables. The evaluated 

characteristics, BCS, glucose and β-hydroxybutyrate, were then 
submitted to principal component analysis using the proce-
dure FACTOR of SAS (method = print) with Kaiser’s criterion 
(i.e., Eigenvalue ≥ 1.0) to extract the principal components. 
No rotation method was applied to the principal components. 
This procedure generated loading and score vectors, where 
loading vectors are the correlations between the variables and 
the extracted principal components and score vectors are the 
scores of each individual case on each principal component. 
Only the first two principal components were plotted since 
they represented most of the total variation.

RESULTS AND DISCUSSIONS

Evaluation of the body score of the dairy cows

For the BCS, it was found that most dairy cows were classified 
as Score 3 (128), considered a satisfactory result. The others 
were ranked as Score 2 (9), Score 2.5 (42), Score 3.5 (55) and 
Score 4 (23) (Figure 1).

The greater number of dairy cows in BCS 2.5 to 3 can be 
attributed to the technological level of production adopted 
on the properties participating in the research. The 12 dairy 
farms had high technological level, with mechanical milk-
ing, continuous use of grains, silages, and commercial min-
eral supplement. According to Middleton; Minela; Pursley 
(2019) BCS is a key indicator of cow health and a useful tool 
in monitoring the nutritional state of dairy cattle.

Despite the productive situation of the dairy farms in 
this research, all the scores under evaluation showed at least 
one dairy cow that developed SCK, just as cows within each 
of the scores and weeks of lactation presented hypoglycae-
mia. This can be associated with the supply of low-quality 
feed, as well as unbalanced diets during the pre- and post-
partum periods when the energy requirement of dairy cows 
is greater. According to Wang et al. (2021), the BCS has the 
potential to indicate the occurrence of SCK, since it corre-
lated negatively (P < 0.05) with β-hydroxybutyrate serum 
levels. In the 63 cows that participated in the research, the 

Figure 1. Count of dairy cows by body condition score from 
properties in the Sousa micro-region, Paraíba, Brazil.

Source: collected by the author.
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Figure 2. Serum ketone body levels (mmol/L) as a function 
of weeks of lactation in dairy cows in the Sousa micro-region, 
Paraíba, Brazil.

Source: collected by the author.

Figure 3. Serum ketone body levels (mmol/L) as a function of the 
body condition score in dairy cows in the Sousa micro-region, 
Paraíba, Brazil.

Source: collected by the author.

Table 1. Correlation coefficient between body condition score, serum ketone bodies and serum glucose levels in dairy cows in the Sousa 
micro-region, Paraíba, Brazil.

Variable
Variable

Body condition score Serum ketone bodies Serum glucose levels

Body condition score 1 - -

Serum ketone bodies levels 0.087 (P = 0.1608) 1 -

Serum glucose levels -0.1329 (P = 0.0335) -0.1520 (P = 0.0149) 1

BCS taken 10 days before and 10 days after calving, was 2.81 
± 0.38 and 2.65 ± 0.34, respectively, which are statistically 
different (P < 0.05).

Under the conditions of the present research, no sig-
nificance was found r = 0.087 (P = 0.1608) when evaluat-
ing the correlation between the BCS and SCK serum levels 
(Table 1). This can be attributed to the experimental design, 
which sought to evaluate the BCS and blood metabolites of 
cows during the postpartum period between the first and fif-
teenth week of lactation, not just the 10-day interval before 
and after calving.

Evaluation of the serum ketone body levels of the 
dairy cows

The weeks of lactation had no influence (P > 0.05) on serum 
ketone body levels. It was found that most cows, 94.55% 
(243), remained within normal metabolite limits (0 - 1.1 
mmol/L), while 5.45% (14) of the animals under evaluation 
presented higher values (1.2 - 3.0 mmol/L), indicating cases 
of subclinical ketosis (Figure 2).

The BCS (Figure 3) was found to have no influence (P 
> 0.05) on serum ketone body levels. Animals with above-
normal values, which fit the subclinical form of ketosis, were 
recorded for each of the scores evaluated in this research.

Ketosis can occur due to multiple factors related to energy 
metabolism, with animals that develop the disorder usually pre-
senting hypoglycaemia and hyperketonaemia (Biswal; Nayak; 
Sardar, 2016). The development of ketosis can vary according 
to the breed of the animal, individual adaptive mechanisms, 
milk production, management conditions, nutrition, season, 
and region (Carvalho et al., 2018).

Multiparous cows undergo more challenging metabolic 
changes compared to primiparous cows due to the greater 
milk production. This predisposes multiparous cows to a 
more-pronounced negative energy balance, leading to higher 
concentrations of β-hydroxybutyrate and greater difficulty 
for the metabolism to adapt during the post-partum period 
(Benedet et al., 2019; Freitas et al., 2020).

Evaluating β-hydroxybutyrate serum levels in 63 dairy 
cows, Wang et al. (2021) estimated an incidence of 42.25% 
for SCK in samples collected on the tenth day postpartum. 
Torres et al. (2020), when evaluating β-hydroxybutyrate 
serum levels and BCS in 181 primiparous and multiparous 

dairy cows on the seventh day postpartum, estimated a par-
tial incidence of 4.8%.

In the present research, the period from the first to the 
fifteenth week of lactation was considered when calculating 
localized incidence, estimating a value of 5.45% for an inter-
val of between 1.2 mmol/L and 4.0 mmol/L ketone bodies 
in the blood. Although the incidence may be considered low, 
the occurrence of SCK in dairy cows evaluated in this research 
cannot be minimized, since it is still necessary to consider 
serum glucose levels when interpreting the results, this being 
the principal carbohydrate involved in energy metabolism. 
This research indicated a 23.35% localized incidence of hypo-
glycaemia of (Figure 4).

The highest incidence of ketosis occurs two to seven weeks 
after calving, with the early weeks being more critical for the 
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Figure 4. Serum glucose levels (mg/dL) as a function of 
weeks of lactation in dairy cows in the Sousa micro-region, 
Paraíba, Brazil.

Source: collected by the author.
Figure 5. Serum glucose levels (mg/dL) as a function of the 
body condition score in dairy cows in the Sousa micro-region, 
Paraíba, Brazil.

Source: collected by the author.

development of subclinical ketosis. Dairy cows that present the 
disorder during the first few weeks are more likely to develop 
adverse health conditions, such as abomasum displacement, 
metritis, and placental retention, in addition to reduced milk 
production (Benedet et al., 2019; Cascone et al., 2022).

Reserves of body fat during the dry period predispose 
cows to a significant reduction in BCS after calving, leading 
to an increase in overall lipid mobilization. This increase in 
lipid mobilization affects insulin-regulated carbohydrate and 
lipid metabolism, and reduces food intake, which can further 
aggravate the negative energy balance status during lactation 
and compromise the health of the cows (Chapel et al., 2017; 
Šamanc et al., 2015). This reduction in food intake by cows 
with high BCS, whether due to intra-abdominal fat deposits 
limiting their consumption capacity, or to cows with a low 
BCS not having sufficient energy reserves for their post-partum 
requirements, may explain the negative correlation between 
the parameters evaluated in this study (Table 1).

Under the conditions of this research no were identified 
super-conditioned animals, i.e., animals that are overfed and 
have a BCS greater than four (on a scale of one to five) are 
more susceptible to negative energy balance after calving due 
to a lower dry matter intake compared to cows with a BCS 
of between three and three and a half, which is considered 
adequate. In addition, the more intense the negative energy 
balance, the greater the mobilization of lipid reserves, predis-
posing the occurrence of ketosis.

Evaluation of the serum glucose levels of the dairy cows

The weeks of lactation had no influence (P > 0.05) on serum 
glucose levels. It was found that most of the cows, 67.70% 
(174), were within normal levels (45 - 75 mg/dL), while 
23.35% (60) presented hypoglycaemia, and 8.95% (23) had 
greater than normal concentrations and showed signs of hyper-
glycaemia (Figure 4). The serum levels varied each week, with 
no high concentration of cows with either hypoglycaemia or 
hyperglycaemia during any one period.

The BCS of the dairy cows had no influence (P > 0.05) 
on serum glucose levels (Figure 5). Most cows presenting 
hypoglycaemia or hyperglycaemia were classified as Score 3 
or 3.5, representing 18.68% (48) of the cows with hypogly-
caemia and 8.17% (21) with hyperglycaemia.

Glucose is the main precursor of lactose, and its synthesis 
is related to the volume of milk produced. As a result, lactating 
cows need four times more glucose compared to non-lactating 
cows, and for this reason more attention should be paid dur-
ing this period (García-Roche et al., 2021). When nutritional 
management does not meet the metabolic requirements after 
calving, there is greater demand on the liver to synthesize 
more glucose from noncarbohydrate precursors. According to 
Rodríguez; Mellado; Bustamante (2020), a reduction in the 
ruminal production of propionic acid, the main glucose pre-
cursor in ruminants, results in hypoglycaemia, leading to the 
mobilization of free fatty acids and glycerol from fat reserves.

In this study, the presence of cows with hypoglycae-
mia may infer that nutritional management on some of the 
properties was not carried out in a balanced way to meet the 
energy demands of the animals. This aspect of nutritional 
management should always be considered because, accord-
ing to Ingvartsen; Moyes (2015), glucose levels are related to 
animal immunity, and a low concentration of this metabolite 
during the post-partum period leads to immunosuppression 
in cows. Although this deficiency is considered normal during 
some stages, such as early lactation, the limit between normal 
levels and the disorder are close and easily crossed.

Considering the technological level of the properties 
participating in this research, it can be inferred that even 
with having as a food base with Brachiaria spp. or Panicum 
sp. roughage, associated with the use of grains, silages, and 
commercial mineral supplement, there was a high incidence 
of dairy cows in hypoglycaemia conditions, which is associ-
ated with a negative correlation with BCS and serum ketone 
body concentrations, coefficient of -0.1329 (P = 0.0335) 
and -0.1520 (P = 0.0149), respectively, may indicate failure 
in food management and also the absence of measures to 
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monitor and prevent the occurrence of metabolic disorders 
in the animals evaluated.

Correlation and multivariate analysis of the parameters

From the correlation analysis between the parameters (Table 1), 
it was found that BCS and serum glucose levels were nega-
tively correlated, with a coefficient of -0.1329 (P = 0.0335), 
i.e., when the BCS increases, the serum glucose levels decrease. 
No significance was found 0.087 (P = 0.1608) when evalu-
ating the correlation between BCS and serum ketone body 
concentrations. In evaluating the correlation between ketone 
bodies and serum glucose, these also showed a negative corre-
lation, with a correlation coefficient of -0.1520 (P = 0.0149).

Glucose also had a negative correlation with ketone bod-
ies, i.e., the higher the glucose levels, the lower the ketone 
body levels. This result is expected, since when ketone body 
levels are high, they reflect in a severe energy deficit, whereas 
when glucose is at normal levels, enough to supply the energy 
demand of the cow, fat is not mobilized as a response to the 
negative energy balance.

In the present study, this effect was clearly seen from the 
principal component analysis, in which serum glucose lev-
els did not follow the trend observed for serum ketone bod-
ies or BCS during most of the weeks of lactation (Figure 6). 
This reflects the need for constant monitoring of blood metab-
olites in dairy cows.

From the principal component analysis (Figure 6), the 
accumulated variance for components F1 (serum glucose lev-
els) and F2 (serum ketone bodies) was 85.48%. The ketone 
body parameter (β-hydroxybutyrate) follows the same trend 
as the BCS, showing a relationship between these parameters, 
while the serum glucose parameter shows a divergent trend. 
All the observed effects were predominant from the first to 
the twelfth week.

In general, ketosis is more frequently seen in high-produc-
ing cows with a BCS greater than four. This is due to the larger 
amount of adipose tissue, and consequently, greater mobili-
zation of fatty acids for milk production, with an increase in 
production and the release of ketone bodies into the blood-
stream (Carvalho et al., 2018; Viña et al., 2017). However, in 
this study, there were no animals with a BCS greater than 4, 

which may have resulted in a lack of significance between the 
BCS and ketone body levels.

CONCLUSIONS
The localized incidence of subclinical ketosis in this study was 
5.45% of the total number of cows under evaluation, with 
BCS and number of weeks of lactation having no influence 
on the incidence of the disorder. In addition, most of the 
cows had serum glucose levels within the normal range, the 
metabolite being negatively correlated with both the BCS and 
ketone body levels. Due to the resulting, the diagnosis and 
early treatment of ketosis should be carried out, particularly 
at the start of lactation.
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Figure 6. Principal component analysis for serum glucose and 
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Source: collected by the author.
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