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Abstract
This study aimed to relate the serum levels of energy indicators (glucose and beta-
hydroxybutyrate) and calcium to the occurrence of uterine and mammary diseases in 
the transition period of Holstein cows. One hundred and fifteen Holstein cows from a 
commercial herd were monitored starting one week before calving and during the first 
2 weeks after calving. The presence of subclinical mastitis was monitored for 3 weeks 
postpartum using the California Mastitis Test (CMT) and somatic cell counting. Posi-
tive samples of subclinical mastitis were analyzed for bacterial identification. Clinical 
mastitis was monitored for 6 weeks postpartum, using data that were recorded by the 
farmer based on some established definitions. The presence of uterine disorders was 
identified for 3 weeks postpartum by clinical examination. Blood collections were made 
from all cows for determining calcium, glucose, and β-hydroxy-butyrate (BHB) the 
week before calving and twice during the postpartum (days 5 and 15 postpartum). A 
group of 70 healthy cows was used as control. Clinical mastitis was identified in 20% 
of the cows, subclinical mastitis in 10.4% and clinical metritis in 8.7% of the cows. The 
bacterial agents with the highest occurrence in subclinical mastitis cases were coagu-
lase-negative Staphylococcus and Streptococcus. No relationships were observed between 
any of the biochemical metabolite studied and the uterine and mammary diseases in the 
cows during the studied period.

Keywords: metabolic profile, metritis, subclinical mastitis.

Relación entre la concentración sérica de calcio,  
beta-hidroxibutirato y glucosa y la ocurrencia de trastornos 

mamarios y uterinos durante la lactancia temprana  
en ganado lechero

Resumen
Este estudio tuvo por objetivo relacionar valores séricos de indicadores energéticos (glu-
cosa y beta-hidroxibutirato) y calcio con la ocurrencia de trastornos uterinos y mamarios 
durante el periodo de transición en vacas holstein. Ciento quince vacas holstein de un 
rebaño comercial fueron monitoreadas en la semana previa al parto y durante las prime-
ras dos semanas después del parto. La presencia de mastitis subclínica fue monitoreada 
por tres semanas posparto mediante la prueba de mastitis California (CMT) y conteo de  
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células somáticas. Las muestras positivas a mastitis subclínica fueron analizadas para 
identificación bacteriana. La mastitis clínica fue monitoreada durante seis semanas 
posparto usando datos registrados en el rebaño. La presencia de trastornos uterinos 
fue identificada durante tres semanas posparto mediante examen clínico. Se realizaron 
muestras de sangre de todas las vacas para determinar calcio, glucosa y β-hidroxibutirato 
la semana anterior al parto y dos veces en el posparto (días 5 y 15). Un grupo de 70 vacas 
sanas fue usado como control. Un 20% de las vacas presentó mastitis clínica, el 10,4% 
mastitis subclínica y el 8,7% metritis clínica. Los agentes bacterianos con mayor ocu-
rrencia en los casos de mastitis subclínica fueron Staphylococcus coagulasa-negativos y 
Streptococcus. No se observó relación de ninguno de los metabolitos bioquímicos con los 
trastornos uterinos o mamarios en las vacas durante el periodo estudiado.

Palabras clave: mastitis subclínica, metritis, perfil metabólico.

Introduction

The transition period in dairy cows, which comprises 
3 weeks before and 3 weeks after calving (1) is a time 
of important metabolic and endocrine changes in the 
physiological response to lactation challenge, when feed 
intake can decrease up to 25-35% (2). The calving and 
early lactation impose great physiological challenges for 
energy and calcium balances and immunosuppression 
may be a common feature (3).

Clinical hypocalcemia is a metabolic disorder resulting 
from the sudden change in the demand for calcium of 
body compartments to supply the production of colos-
trum and milk during early lactation. This metabolic 
change is regulated by compensatory mechanisms, as 
increased intestinal absorption, renal reabsorption and 
bone mobilization of calcium (4). However, when the 
regulation mechanisms fail, animals can develop clini-
cal manifestations of milk fever in the first 72 hours af-
ter calving (5). Subclinical hypocalcemia is less serious 
for cow ś health, but it causes a decrease in the herd pro-
ductivity and reduces dry matter intake during early lac-
tation (6). The prevalence of subclinical hypocalcemia 
is about 25-54% depending on the number of lactations 
(7). Studies indicate that subclinical hypocalcemia in-
creases cow ś susceptibility to secondary diseases such 
as downer cow syndrome, dystocia, mastitis, retained 
placenta, metritis and displaced abomasum (3, 8). Hy-

pocalcemia reduces the responsiveness of immune cells 
to stimuli, thereby contributing to the occurrence of in-
fections (9, 10).

High yielding dairy cows in early lactation have high 
requirements in glucose and fatty acids that cannot 
be achieved by dietary intake, which is evidenced by a 
sharp increase in the mobilization of fatty acids and a 
significant rise in ketone bodies (11). Various authors 
have found a relationship between increases in serum 
beta-hydroxybutyrate (BHB) and non-esterified fat-
ty acids (NEFA) with higher incidence of metritis and 
mastitis in dairy cows (12).

Udder infections are common in early lactation and 
have a great economic impact on the dairy industry. 
The economic benefits of identifying and eliminating 
infections in early lactation are significant, including 
the prevention of chronic mastitis, less discarded milk 
and reduction in somatic cells counts (13). The uter-
ine health in dairy cows is often compromised due to 
contamination after calving by opportunistic bacteria 
that cause clinical diseases. One third of dairy cows 
may be affected by some kind of metabolic or infec-
tious disorder in early lactation (14). Diet manipulation 
and appropriate herd management during late preg-
nancy and early lactation might reduce to a minimum 
the incidence of metabolic disorders with the potential 
of increasing milk yield, promote health and improve 
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herd reproductive efficiency (6). Many epidemiologi-
cal studies on the relationship between udder and uter-
ine disorders and metabolic disorders in early lactation 
have been designed based on large populations (8, 15). 
However, in individual herds, the relationship between 
some blood indicators and the susceptibility to develop 
uterine or mammary diseases is difficult to establish. 
Therefore, the present study aimed to associate serum 
levels of energy indicators (glucose and beta-hydroxy-
butyrate) and calcium with the occurrence of uterine 
and mammary diseases.

Materials and methods

All the procedures involving animals were approved by 
the Ethics Committee of the Federal University of Rio 
Grande do Sul, Brazil (Project no. 28158).

The study was conducted on a commercial dairy farm 
in southern Brazil, with 500 lactating Holstein cows un-
der a semi-confinement system. The average milk yield 
of the herd was 8,500 kg/cow/year. One hundred and 
thirty-three cows (102 multiparous and 31 primipa-
rous) were selected one week before calving based on 
the estimated calving date, considering an gestation av-
erage of 283 days, using the DelproTM management soft-
ware (DeLaval). All cows were housed in prepartum 
paddocks approximately 25 days prior to calving.

During the postpartum period, diets were formulated 
using Spartan Dairy 3 software. The paddocks were 
held with scheduled mowed so that the pasture intake 
was restricted. The animals were fed 22.4 kg of dry mat-
ter per day of TMR diet (7.2 kg corn silage, 6.63 kg pre-
dried ryegrass, 3.98 kg of extruded soybean meal, 2.96 
kg ground corn, 0.8 kg wheat straw, 0.08 kg shell f lour, 
0.12 kg sodium bicarbonate, and 0.63 kg supplement of 
minerals and vitamins). The estimated intake of pas-
ture was 3.47 kg of Piatan/Papua grass. The forage: 
concentrate ratio was 66.6:33.4. The bromatological 
analysis of the ration was (dry matter basis): neutral de-
tergent fiber 34.2%, net energy 1.6 Mcal/kg, and crude 
protein 15.6%. 

All the cows were selected from normal calving with-
out any complication such as dystocia or twin calving. 
The selected cows were weekly subjected to a complete 
physical examination. The diagnosis of clinical me-
tritis was accomplished based on the presence of red-
brown foul uterine discharge (16) during the first 21 
days postpartum. The vaginal discharge was obtained 
by transrectal palpation and retraction of both the cer-
vix and uterus to obtain a uterine f luid source. Clinical 
mastitis was diagnosed by the stripping test identifying 
altered milk with a strip cup and by observing signs of 
inf lammation in any udder quarter up to 60 days post-
partum. Subclinical mastitis was identified weekly dur-
ing the first 21 days of lactation through the CMT test 
performed in milk samples aseptically collected in in-
dividual mammary quarters. In addition, chilled sam-
ples were sent to the laboratory to do a somatic cell 
count (SCC) by a f low cytometric method (CA3A5 
SomatoScop, Dairy Equipments, USA) and total bacte-
rial counts (Bactocount IBC Dairy Equipments, USA). 
Animals were taken as positive to subclinical mastitis 
when CMT samples showed a reaction greater than 
zero and SCC was higher than 100 x 103 cells/mL (17). 
Positive samples in the CMT test were frozen for later 
analysis of bacterial identification in a referenced labo-
ratory. The microbiological culture was done with sow-
ing fresh milk (10 µL) in bipartite plates on blood agar 
and MacConkey agar and incubated in an aerobic envi-
ronment for 72 hours at 37.5 ºC.

The body condition score (BCS) was evaluated with a 
scale of 1 through 5 (1 = thin, 5 = fat), always evaluated by 
the same veterinarian. The daily milk yield was measured 
using a scale that estimates the individual production of 
animals (DeLaval, Brazil). Body condition and milk yield 
were monitored weekly for 21 days postpartum.

Blood samples were collected from coccygeal vein into 
plain tubes (Vacutainer, Becton Dickinson, Brazil) 
once before calving (5 days prepartum) and twice af-
ter calving (5 and 15 days postpartum). Blood sampling 
was always done at 06:30. The samples were sent to 
the laboratory within two hours after collection. In the 
laboratory, the samples were centrifuged (2,500 rpm,  
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Table 1. Mean and standard error (SE) of BHB, calcium, glucose, BCS among groups along the sampling periods

Sampling period Clinical mastitis Subclinical mastitis Clinical metritis Healthy cows

BHB (mmol/L)

N 23 12 10 70

Prepartum
(5 days)

0.91b

(0.06)
1.03

(0.11)
1.06

(0.04)
0.93 b

(0.04)

Postpartum
(5 days)

1.24a

(0.10)
1.33

(0.19)
1.09

(0.13)
1.17 a

(0.05)

Postpartum
(15 days)

1.16 a

(0.11)
1.26

(0.13)
1.32

(0.30)
1.14 a

(0.05)

Calcium (mmol/L)

N 23 12 10 70

Prepartum
(5 days)

1.89
(0.11)

1.99
(0.15)

1.6
(0.33)

2.07
(0.05)

Postpartum
(5 days)

2.06
(0.09)

2.0
(0.23)

1.85
(0.14)

2.0
(0.04)

Postpartum
(15 days)

1.88
(0.11)

2.2
(0.08)

1.59
(0.25)

2.04
(0.04)

10 minutes) to obtain serum, and stored at -20°C in 
eppendorf tubes. Serum samples were analyzed for 
glucose and total calcium by spectrophotometry (Ar-
chitect C8000, Abbott, USA) using commercial kits 
(Labtest, Brazil). Serum concentrations of BHB were 
measured by a digital meter (Ketovet, Korea).

Data were entered in Excel sheet and then exported to 
SPSS program v.18.0 for statistical analysis. Categorical 
variables were expressed as frequencies and percentag-
es and compared using the chi-square test. Quantitative 
variables with symmetrical distribution were described 
by the mean, standard error of the mean and 95% Confi-
dence Interval. Comparison among groups (clinical me-
tritis, clinical mastitis, subclinical mastitis, and healthy 
cows) and along the sampling periods (pre and postpar-
tum) were done using the model of generalized estima-
tion equations. A 5% significance level was considered.

Results

Eighteen cows out of the 133 participating in the study 
were excluded due to premature calving, death or cull-

ing. Out of the remaining 115 cows analyzed, 23 were 
diagnosed with clinical mastitis (20%), 12 with subclin-
ical mastitis (10.4%) and 10 showed clinical metritis 
(8.7%). The control group consisted of 70 healthy cows.

Serum levels of BHB did not differ among groups (Ta-
ble 1) but differences along the periods were observed 
in cows with clinical mastitis and in healthy cows with 
higher concentrations at the postpartum as compared 
to the prepartum period. No differences in serum cal-
cium values were observed among groups of cows with 
postpartum disorders or in healthy cows, neither along 
the periods. Serum glucose levels were not different 
among the groups. However, glucose concentrations in 
cows with clinical metritis were lower during the post-
partum as compared to the prepartum period, while 
in healthy cows the opposite was observed. Although 
without significant differences, the groups of cows with 
mastitis (clinical and subclinical) had a trend similar to 
healthy cows with higher glucose values at the postpar-
tum period. The body condition score (BCS) did not 
differ among groups of cows with disorders or healthy 
ones, but the BCS in the postpartum periods was lower 
in all cases.



87

Relationship of Serum Concentrations of Calcium, Beta-hydroxybutyrate and Glucose to the Occurrence of Mammary and Uterine Disorders during Early Lactation on Dairy Cattle

Rev. Med. Vet. ISSN 0122-9354 ISSNe 2389-8526: Bogotá (Colombia) N° 41: 83-90, julio-diciembre de 2020

Sampling period Clinical mastitis Subclinical mastitis Clinical metritis Healthy cows

Glucose (mmol/L)

N 23 12 10 70

Prepartum
(5 days)

2.45
(0.25)

2.19
(0.43)

3.23a

(0.2)
2.61c

(0.12)

Postpartum
(5 days)

2.94
(0.25)

3.01
(0.16)

2.83b

(0.3)
2.60b,c

(0.13)

Postpartum
(15 days)

3.17
(0.22)

2.50
(0.34)

2.89b

(0.35)
3.05a

(0.13)

BCS (1-5)

N 23 12 10 70

Prepartum
(5 days)

3.29a

(0.1)
3.53a

(0.2)
3.1a

(0.12)
3.2a

(0.05)

Postpartum
(5 days)

3.19a,b

(0.09)
3.36a,b

(0.13)
2.93b

(0.14)
3.1b

(0.05)

Postpartum
(15 days)

3.03b

(0.11)
3.0b

(0.13)
2.75b

(0.13)
3.06b,c 

(0.05)

BHB: serum beta-hydroxybutyrate, BCS: body condition score. Different letters indicate significant differences (p < 0.05) among sampling 
periods (columns).

viduals with uterine and mammary disorder suscep-
tibility. However, the aim of this study was to observe 
how the serum concentrations of calcium, glucose and 
beta-hydroxybutyrate are related to the most frequent 
disorders at early postpartum in one dairy herd.

Metritis may affect about 20% of lactating cows, with 
an incidence ranging from 8 to 40% according to the 
husbandry adopted in the herd (19). There are scarce 
studies concerning mastitis incidence in Brazilian dairy 
herds. In our study, the occurrence of clinical metritis 
observed in the first three weeks postpartum was 8.7%, 
which means that the farm has good sanitary measures 
to control the disease. Metritis showed a trend to occur 
in primiparous cows, which may compromise the pro-
ductive life of the animal due to the risk of premature 
culling (20).

No relationship was observed between the cows with 
clinical metritis and the serum levels of glucose, calci-
um or BHB, although it has been mentioned that cows 
with metritis have lower serum calcium concentration 
as compared to healthy animals (21) and that subclini-
cal hypocalcemia increases the risk to develop clinical 
metritis (3). Also, animals with higher concentrations of 

Milk yield showed a mean of 25.9 ± 6.9 L/cow/day with-
out any differences observed among the groups of cows. 
Cows with clinical mastitis had a higher number of lacta-
tions as compared to the other groups of cows (p = 0.03). 
The range of lactation number was 1-3 for cows with me-
tritis, 1-8 for cows with clinical mastitis, 1-6 for cows 
with subclinical mastitis and 1-5 for healthy cows. Clini-
cal metritis showed more cases in primiparous cows, 
while subclinical and clinical mastitis occurred more in 
multiparous cows (p = 0.07).

The bacterial agents with the highest prevalence in sub-
clinical mastitis cases were coagulase-negative Staphy-
lococcus (36%), Streptococcus (36%), coagulase-positive 
Staphylococcus (18%) and Staphylococcus sp. (10%).

Discussion

Many studies concerning the relationships between 
blood metabolic indicators and puerperium disorders 
have been conducted under an epidemiological ap-
proach using various herds and individuals (18). On a 
herd health approach, it may be difficult to correlate 
metabolic profiles as a diagnostic tool to identify indi-
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BHB both before and after calving have greater risk of 
developing clinical metritis as compared to normal an-
imals (22). Although no differences in serum glucose 
and BHB concentrations were noted between healthy 
cows and cows with uterine disorders in our study, a sig-
nificant decrease in glucose was observed at the post-
partum period in the cows affected by metritis, which 
might affect their defenses by limiting the fuel required 
for populations of immune cells (23).

Mastitis is worldwide the costliest production disease 
in dairy herds (24), which may affect around 23% of 
milking cows in a herd (25). Moreover, the incidence of 
subclinical mastitis may reach almost half of the cows 
in high-yielding dairy herds (26). In our study, clini-
cal mastitis was observed in 20% of the cows during 60 
days postpartum while subclinical mastitis occurred in 
10.4% of the cows during 21 days postpartum. These 
differences in the periods of monitoring the mastitis 
was due to the concept that defines clinical mastitis as a 
cow having affected quarters during at least a period of 
14 days (27). Thus, a period of 21 days may result being 
too short for considering a more comprehensive clini-
cal case.

Although no differences in serum BHB concentra-
tions were seen when comparing cows with mastitis 
and healthy cows, a significant increase in BHB was ob-
served in clinical but not in subclinical mastitis cows 
and in healthy cows. This finding reveals a higher li-
pomobilization condition in cows suffering the clini-
cal condition. Nevertheless, the same observation in 
healthy cows shows that higher BHB values may be re-
lated to normal adjustment in the energy balance of the 
cows during early postpartum period (28), which is con-
sistent with the loss in body condition in all groups of 
animals. Cows with higher lactation numbers are more 
susceptible to mastitis (29) and this was observed in our 
study when cows with clinical and subclinical mastitis 
had a mean of 3 lactations as compared to a mean of 2 
lactations for healthy cows.

The bacterial identification results found in our study 
from cows with subclinical mastitis are in line with oth-

er studies. Paape et al. (30) found that the most frequent 
Gram-positive agents of mastitis in dairy cows include 
Staphylococcus aureus, coagulase-negative Staphylococ-
cus, Enterococcus, Streptococcus agalactiae, Streptococcus 
uberis and Streptococcus dysgalactiae. 

Conclusion

The results showed no significant association of calce-
mia, glycemia and ketonemia with uterine and mam-
mary gland disorders in the early puerperal period 
analyzed on a herd basis. From an epidemiological ap-
proach, the limitation of our study is the low number of 
cows used in only one herd. However, from a diagnosis 
approach it is useful to establish the weak association of 
the studied parameters.
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