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A B S T R A C T

The aim of this study was to evaluate the association between serum β-hydroxybutyrate (BHB) concentration
around calving and the odds of developing an intramammary infection (IMI) in the first month of lactation in
Holstein and Normande grazing dairy cows. In total, 208 cows were selected from five Colombian dairy herds.
Two composite milk samples were collected from each cow at drying-off, and every week during the first month
in milk. One sample was used for the analysis of somatic cell count (SCC), and the other for bacteriological
culture. An IMI was defined as the situation in which an elevated SCC (≥100,000 cells/mL for primiparous and
≥200,000 cells/mL for multiparous cows) was followed by the isolation of a mastitis pathogen in the same
sample. Blood samples from each cow were also collected at drying-off, one week before calving, and then
weekly for one month after calving. Serum samples were analysed for BHB concentrations. Multivariate logistic
regression models were used to establish the association of the prevalence of IMI around calving with the BHB
concentration one week before the expected date of calving. The arithmetic average of SCC at drying-off was
higher than the average in the first month of lactation. The most common isolated pathogens were
Staphylococcus aureus, non-aureus staphylococci (NAS), and Streptococcus uberis. The incidence risk of
hyperketonemia (i.e. serum BHB > 1.2 mmol/L) was 12% around calving. There was no association between
serum BHB concentration and the probability of having an IMI after calving. Our results suggest that subclinical
mastitis around calving was not associated with the energy balance, evaluated by serum BHB concentration one
week before the expected date of calving.

1. Introduction

The period from three wk before to three wk after calving, known as
the transition period, is critically important to health, production, and
profitability of dairy cows. A number of health disorders may occur
around this time of the lactation cycle. The dairy cow is constantly
facing metabolic adaptations during the peripartum period, such as
lipid mobilization, that can contribute to a negative energy balance
(NEB) (Jorritsma et al., 2001). An excessive mobilization of lipids from
adipose tissue causes an increase of free fatty acids (FFA), which may
occur two or three days before calving, leading to an accumulation of
lipids in the hepatic tissue and a high concentration of ketone bodies
(Drackley, 1999; Jorritsma et al., 2001).

Ketosis is a metabolic disorder of the cow that results as a
consequence of the NEB in the transition period. The NEB leads to

hypoglycemia, increased serum concentrations of FFA, and hyperke-
tonemia (i.e. high serum β-hydroxybutyrate concentration, and other
ketone bodies) (Drackley, 1999; Drackley et al., 2005). As the
concentration of FFA increases, these are taken up by the liver, where
they can be: 1) completely oxidized to carbon dioxide, 2) partially
oxidized to ketone bodies that are released into the blood, or 3)
reconverted to triglycerides (Drackley et al., 2005). Subclinical ketosis
may affect up to 43% of the cows in the transition period (McArt et al.,
2012). Consequently, several disorders in the periparturient cow, such
as milk fever, retained placenta, immunosuppression, and metritis,
have been associated with high levels of FFA and ketone bodies
(Drackley, 1999). Cows in NEB during the periparturient period
experience some degree of immunosuppression due to an impairment
of neutrophil function, phagocytosis, and killing capacity leading to
diseases, such as mastitis (Burton and Erskine, 2003).
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Mastitis is an inflammation of the mammary gland, which can have
an infectious or non-infectious aetiology, and has a substantial impact
for the dairy industry. Although clinical mastitis affects the profitability
of the dairy business, the losses associated with subclinical mastitis are
even more significant, as this type of mastitis is the dominant form in
most of the herds (Bradley, 2002). Both quantity and function of
polymorphonuclear leukocytes (PMN) are important as components of
the udder defence in order to protect the cow from clinical and
subclinical mastitis, regardless of bacterial species (Kehrli and Goff,
1989; Schukken et al., 1999). When cows are experiencing some degree
of ketosis around calving, the PMN function in the mammary gland
may be impaired increasing the risk of clinical mastitis (Schukken
et al., 1999; Suriyasathaporn et al., 2000b; Berge and Vertenten, 2014).

In a recent European study, it was found that subclinical ketosis
might affect approximately 39% of the cows between 7 and 21 d after
calving (Berge and Vertenten, 2014). The authors indicated that a cow
was almost twice as likely to have a clinical mastitis event in the first 35
d of lactation, if she had ketosis. Other studies reported no significant
association between high blood serum β-hydroxybutyrate (BHB) con-
centration and the odds of having mastitis within 30 d in milk (Suthar
et al., 2013). Although studies have not found a significant association
between hyperketonemia and the odds of having clinical mastitis
within two wk in milk, indicated that high BHB increased the severity
and duration of clinical cases of mastitis (Suriyasathaporn et al.,
2000b; LeBlanc, 2010). Regardless of growing evidence showing that
hyperketonemia increases the odds of having clinical mastitis within 30
d in milk, there is a lack of studies on the association between
hyperketonemia and subclinical mastitis around calving. We hypothe-
sized that hyperketonemia is associated with a higher odds of having
subclinical mastitis within the first month of lactation. Our objective
was to determine the association between blood serum BHB concen-
tration and the odds of having subclinical mastitis, evaluated by means
of SCC and milk culture, within the first month of lactation in grazing
dairy cows.

2. Material and methods

2.1. Cows enrollment and herd management

A prospective longitudinal study was designed in five dairy herds in
Manizales and Villamaria, Colombia. Dairy herds were selected based
on the following criteria: to have a permanent veterinary service, to
record productive and reproductive events of the cows, to have a health
management plan in place, and willingness of the owner to participate
in the study.

Herds were managed under rotational grazing systems, and re-
ceived supplementation with concentrates according to milk yield. The
predominant pasture was a mixed of Kikuyu grass (Pennisetum
clandestinum), Orchardgrass (Dactylis glomerata L.), and Yorkshire
fog grass (Holcus lanatus). Concentrates used were commercial mixes
of cereals, containing 14–16% of crude protein, and approximately 2.9
Mcal of metabolizable energy/kg of dry matter. Concentrates were fed
starting three wk before calving (2 kg/cow/d), and at a rate of 1 kg per
4 kg of milk yield after calving. Mineral supplements and water were
available ad-libitum. Cows in all herds were milked twice a day
following appropriate milking procedures (i.e. forestripping, teat dis-
infection before milking, teat wipe with paper towels, attaching, and
postmilking teat disinfection).

The sample size for this study was calculated under the assumption
of having a high incidence risk of subclinical mastitis around calving in
Colombian dairy herds (Unpublished data from DHI records).
Therefore, the incidence risk of an IMI in healthy cows around calving
was set at 0.20, and we expected to have an increase of 50% in the
incidence risk of subclinical mastitis in cows experiencing hyperketo-
nemia around calving, with a confidence of 95% and a study power of
0.80. Consequently, 160 cows in total were required for our study.

Multiparous (n=165; Holstein=122, Normande=43) cows within
one wk before drying-off were selected to enrol in the study; they were
dried off between September 2012 and June 2013. No cows had
evidence of abnormal milk, abnormalities in the mammary gland (i.e.
inflammation, redness or high temperature) or blind quarters around
drying-off. Primiparous cows (n=43; Holstein=29, Normande=14)
were enrolled in the study once they calved. The calving period for
all cows was between October 2012 and August 2013. Cows enrolled in
the study were not separated from the rest of the herd.

The body condition score (BCS) is a subjective evaluation of energy
stores that can be used as an indicator of lipid mobilization around
calving. The evaluation of BCS was done using a numeric scale from 1
to 5 (Schröder and Staufenbiel, 2006). The BCS evaluations were made
at drying-off, one wk before the expected date of calving, and once a wk
from calving up to four wk after calving. Milk yield was recorded once a
wk during the first 30 DIM.

2.2. Milk samples

The analyses were conducted at the level of cow; therefore, milk
samples were collected from each quarter making a composite sample
for further analysis. Although composite samples might have a low
sensitivity for the detection of major pathogens, the high prevalence of
infections caused by major pathogens in Colombian dairy herds may
increase the sensitivity of using composite samples for culturing (Lam
et al., 1996; Reyher and Dohoo, 2011). Two composite milk samples
from all quarters were aseptically collected from each cow one wk
before drying-off. One sample was used to analyse somatic cell count
(SCC), and the other one for bacteriological analysis. This information
was collected to know the infection status of the mammary gland in
multiparous cows but further analyses only included the data collected
after calving, as primiparous cows did not have any record about udder
health before calving. Subsequently, every cow enrolled in the study
received an intramammary antibiotic for dry cow therapy. After
calving, two composite milk samples were collected once a wk up to
four wk in milk. The first milk sample postpartum was collected, on
average, 6.7 ± 2.6 d after calving, as SCC is still high around this time
increasing the probability of having false-positive results (Dohoo,
1993; Barkema et al., 1999a). One sample was used for SCC evaluation,
while the other was used for bacteriological analysis whenever SCC was
≥100,000 cells/mL in primiparous and ≥200,000 cells/mL in multi-
parous cows (Dohoo and Leslie, 1991; Schepers et al., 1997). The
sensitivity (Se) of the 200,000 cells/mL cut-off point has been
estimated in 72.6% for predicting IMIs (Dohoo and Leslie, 1991).

2.3. Somatic cell count and microbiological analysis of milk samples

The SCC was determined using an electronic counter (Fossomatic®,
Foss Electric Hillerød, Denmark), results were expressed as the natural
log (Ali and Shook, 1980).

Microbiological analyses were performed according to protocols
established by the National Mastitis Council (Hogan et al., 1999).
Briefly, milk samples were streaked onto agar plates containing 5%
sheep blood and 0.1% esculin (IMT, Universidad CES, Medellin,
Colombia). Morphology and Gram staining were used for initial
identification. Catalase test was used to differentiate staphylococci
from streptococci. Coagulase tests were performed on Gram-positive,
catalase-positive cocci to confirm Staphylococcus aureus and coagu-
lase-positive non-aureus staphylococci. The group of non-aureus
staphylococci includes coagulase-negative as well. Gram-positive and
catalase-negative cocci were differentiated by their reaction to the
hydrolysis of esculin under ultraviolet light. Christie, Atkins, Munch-
Petersen test and esculin reaction were used to differentiate
Streptococcus agalactiae and Strep. dysgalactiae, and esculin reaction
and culture in enterococcosel agar were used for the identification of
Strep. uberis. Their morphology and Gram staining were used to
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identify Corynebacterium spp. species. The growth in McConckey agar
and biochemical tests, such as citrate, indole, oxidase and motility,
were used to identify coliforms.

2.4. Definition of intramammary infection

For multiparous cows, IMI was defined as a SCC ≥200.000 cells/
mL, followed by the isolation of, at least, one cfu of a mastitiscausing
pathogen. However, these criteria were not applied to primiparous
cows, as milk samples were not collected in that group before calving.
An IMI in the four-wk period after calving was established when the
mean SCC of the four samples was ≥100,000 cells/mL in primiparous
or ≥200,000 cells/mL in multiparous cows, and, at least, one cfu of the
same mastitis-causing pathogen was identified in two out of three
consecutive samples (i.e. between wk 1 and 3 or between wk 2 and 4)
(Ceballos-Marquez et al., 2010). Milk containing more than two
bacterial species was considered contaminated and not informative of
IMI (Ceballos-Marquez et al., 2010).

2.5. Analysis of serum β-hydroxybutyrate concentration

Cows from both groups primiparous and multiparous cows were
sampled by coccygeal venipuncture using vacuum tubes without antic-
oagulant (Vacutainer®, Becton-Dickinson, Franklin Lakes, NJ, USA)
one week before the expected date of calving, and then once a wk
starting one wk after calving up to four wk in milk. Samples were
cooled and transported within the following six hours to the Institute of
Biotechnology at Universidad de Caldas. Blood samples were centri-
fuged at 10001000×g for 15 min. Serum was separated and stored at
−20 °C for subsequent analysis. Serum BHB concentration was ana-
lysed using an NAD-dependent UV assay (Ranbut®, Randox Lab. Ltd.,
Crumlin, Ireland). Hyperketonaemia was established when serum BHB
concentration was ≥1.2 mmol/L (McArt et al., 2012; Suthar et al.,
2013). The frequency of cows with higher serum BHB concentration
was calculated.

2.6. Statistical analysis

Descriptive statistics were used to present the frequencies of the
IMI cases and the number of cows with high serum BHB concentration.
Logistic regression analysis was used to evaluate the association of
independent variables on the odds of an IMI in the first month of
lactation. According to our definition of IMI, the model did not
consider repeated measures within cows, as we only had one observa-
tion per cow after calving (IMI negative or positive). The effect of the
independent variables: herd (categorized 1–5), IMI at drying-off
(negative, positive) only for multiparous cows, breed (Holstein,

Normande), parity (categorized into 1, 2 and 3 or more), BCS
(continuous scale), arithmetic mean of the serum BHB concentration
during the four wk after calving, and average milk yield of the first 30
DIM were included in the model. All variables were included in a full
model that was manually reduced using the backward selection method
(Dohoo et al., 2009). The P-value was set at ≤0.10 in order to select the
variables to be included in the final model. Although BHB was not
considered to be a direct cause of IMIs in the first month of lactation,
the aim was to establish if there was an association between the
variables and the magnitude of that association. The logistic model was
adjusted according to the following equation:

logit p β β x β x[ ] = + × +…+ n n0 1 1

where p is the probability of having IMI during the first four weeks of
lactation, β0 is the constant and β1 to βn is the regression coefficient of
the effect of the independent variables from 1 to n.

The model was evaluated by calculating the standardized residuals
and their covariate patterns, which were useful for detecting influential
points in the model. The Pearson Χ2 statistic and the Hosmer-
Lemeshow test were used to assess the goodness-of-fit of the model.
Associations were presented by coefficients of the logistic model. The
coefficients represent the log odds of disease (i.e. IMI in the first month
of lactation) increase or decrease when the factor is present (e.g.
dichotomous predictors), or the change in the log odds of disease for
one-unit change in the predictor (Dohoo et al., 2009).

Data were analysed using the statistical software package Stata 14.1
(StataCorp, College Station, TX, USA).

3. Results

The arithmetic mean length of the dry period was 70 ± 17 d. After
calving, the follow-up period for all cows ranged between 2 and 35 d
with an average of 27 ± 3 DIM. Milk yield was on average 28.7 ± 1.4 L/
d in Holstein cows, while Normande cows produced less milk (−5.9 ±
2.7 L/d; P=0.03) compared to Holsteins.

3.1. Intramammary infections

A total of 165 milk samples collected at drying-off were cultured. All
milk samples were analysed for SCC and cultured (Table 1). According
to the definition of IMI, 74 cows were infected at drying-off, 12 (16.2%)
of them remained infected with the same pathogen, and had a high SCC
after calving. In multiparous cows, the mean LnSCC during the first
month of lactation was lower than the average at drying-off (analyses
not shown). However, in primiparous cows was not possible to make
this calculation, as these individuals had no information on SCC prior
to calving.

Table 1
Frequency of mammary pathogens observed at drying-off (n=165) and during the first four wk postpartum (n=208) in dairy cows from five herds. Milk samples collected after calving
were cultured based on the somatic cell count thresholds: ≥100,000 and ≥200,000 cells/mL in primiparous and multiparous cows, respectively.

Infection Drying-off %a Wk 1 % Wk 2 % Wk 3 % Wk 4 %

Negative samples 77 145 151 153 159
Positive samples: 88 63 57 55 49
Strep. agalactiae 5 5.7 3 4.7 2 3.5 4 7.3 7 14.3
Strep. dysgalactiae 2 2.3 5 7.8 4 7.0 5 9.1 4 8.2
Strep. uberis 10 11.4 7 10.9 6 10.5 5 9.1 3 6.1
Strep. spp. 9 10.2 4 6.3 2 3.5 4 7.3 1 2.0
Staph. aureus 15 17.0 18 28.1 18 31.6 15 27.3 15 30.6
Non-aureus staphylococcib 34 38.2 16 25.0 14 24.6 10 18.2 11 22.4
Corynebacterium bovis 8 9.1 2 3.1 5 8.8 3 5.5 1 2.0
E. coli 1 1.1 2 3.1 0 0 0 0 0 0
Double infections 4 4.5 6 9.4 6 10.5 9 16.4 7 14.3
Contaminated 4 2 3 0 2

a Based on the total number of positive samples.
b The group includes coagulase-negative staphylococci.
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After calving, a total of 59 milk samples from primiparous cows and
304 samples from multiparous cows were cultured (Table 1). However,
not all samples with SCC above the established threshold for primipar-
ous and multiparous cows were culture positive. In total, 27 (46%;
n=59) samples of primiparous, and 197 (65%; n=304) of multiparous
cows had a SCC higher than defined thresholds and were culture
positive, consequently the IMI was established according to the
definition we set. The most frequently isolated pathogens were Staph.
aureus, followed by NAS, and Strep. uberis (Table 1).

In primiparous cows, there were 10 animals (23.3%; n=43) with an
IMI in the first wk after calving. The number of multiparous cows with
a new IMI in the first wk after calving was 18, which corresponded to
an incidence risk of 21.0% given that 86 cows were at risk of infection
at drying-off. Regarding to clinical mastitis, 12 cows (5.8%) presented
clinical cases in the first month of lactation. Clinical cases were caused
by Staph. aureus (4/12), NAS (2/12), Strep. uberis (2/12), Strep.
agalactiae (1/12), Corynebacterium bovis (1/12), non-significant
growth (1/12), and one contaminated sample.

3.2. Concentration of β-hydroxybutyrate and its association with
subclinical intramammary infections

The serum BHB serum concentration increased from 0.45 mmol/L
one wk before the expected date of calving to 0.58 mmol/L after
calving. Only three cows (1.6%) had a serum BHB concentration
≥1.2 mmol/L before calving. The percentage of postpartum cows with
serum BHB concentrations above the cut-off point was variable across
the four wk period. The highest frequency of high BHB values occurred
two wk after calving (16/193; 8.3%). Primiparous cows had a lower
serum BHB concentration compared to other parity groups (P=0.06).
There were no differences in BHB concentration either at drying-off,
one wk before and after calving between breeds (P=0.90).

The initial multivariate regression model did not include the effect
of having an IMI at drying-off, as primiparous cows had no information
on their IMI status prior to calving. However, the effect of subclinical
mastitis was previously discussed. The full model showed that breed
and the change in body condition score during the follow-up period
after calving were not associated with having an IMI postpartum
(Table 2). Therefore, non-significant variables were removed from the
model but the effect of both serum BHB concentration before and after
calving were kept, as this was the variable of interest. Mean serum BHB

concentration after calving was not significant in both full and reduced
models either and had a high P-value (P=0.81, for the reduced model);
consequently, BHB concentration postpartum was removed from the
model (Table 3). Nevertheless, the serum BHB concentration before
calving remained in the final model, as this was our main predictor to
evaluate in the model. In addition, serum BHB concentration before
calving had a lower P value compared to serum BHB concentration
after calving (P=0.81), and considering a causal pathway, it occurred
before the IMI around calving.

The serum BHB concentration either before or after calving showed
no effect on the odds of having an IMI in the first month of lactation.
However, this odds was numerically higher in cows with high serum
BHB concentration one wk before calving (P=0.23; Table 3). This
association might have been non-significant due to the lower number of
infected cows with high serum BHB concentration, which was lower
than expected.

Parity of the cow remained significant in the final model (Table 3).
The odds of IMI around calving increased in cows with more than three
calvings. The odds ratio of having a new IMI around calving between
primiparous and multiparous (i.e. more than 3 calvings) was 9.8 (CI
95%: 2.8; 34.5).

The average milk yield per cow in the first month of lactation was
significantly associated with the odds of having an IMI in early
lactation (P < 0.01, Table 3). Cow-level predictors are important to
explain individual cow performance, thus the effect of milk yield was
considered as a potential factor to increase the susceptibility to mastitis
within the first month of lactation. Nevertheless, a lower odds of having
an IMI in cows producing more milk was not expected (Table 3).

There was no evidence indicating that our models did not fit the
data (Pearson Χ2 statistic, P=0.56; Hosmer-Lemeshow test, P=0.20).
Three covariate patterns showed high standardized residuals but the
overall conclusion did not change after a sensitivity analysis removing
the influential observations.

4. Discussion

The most frequently isolated pathogens in our study were Staph.
aureus and non-aureus staphylococci. A number of cows remained
chronically infected after calving, and the incidence risk of IMI around
calving was close to the risk used to calculate the sample size for our
study. This incidence risk was higher than that observed in other
studies with dairy cows maintained either in confined or grazing
systems (Compton et al., 2007; Pinedo et al., 2012).

The objective in our study was to evaluate the effect of serum BHB
concentrations before and around calving on the odds of having an

Table 2
Association between independent variables and the odds of having an intramammary
infection (IMI) in the first month of lactation in primiparous (n=43) and multiparous
(n=165) dairy cows from five herds. Results are presented as coefficients (Coeff.) and
their confidence intervals (CI) after fitting a full logistic model.

Variable Coeff. CI 95% P-value

Herd: < 0.01
1 Reference
2 −2.24 −4.61; 0.12
3 2.86 0.85; 4.87
4 0.54 −1.17; 2.25
5 1.22 −0.62; 3.05

Breed: 0.71
Holstein Reference
Normande 0.96 −1.69; 3.60

Parity: < 0.01
Primiparous Reference
2 1.42 −0.38; 2.88
3 1.40 −0.29; 3.10
3+ 2.25 0.98; 3.53

β-hydroxybutyrate:
Prepartum 1.06 −081; 2.92 0.27
Postpartum 0.25 −1.71; 2.21 0.80
Milk yield −0.14 −0.23; −0.05 < 0.01
Change in body condition score −0.21 −1.20; 0.77 0.67
Constant 0.87 −3.35; 5.08 0.69

Table 3
Association between independent variables and the odds of having an intramammary
infection (IMI) in the first month of lactation in primiparous (n=43) and multiparous
(n=165) dairy cows from five herds. Results are presented as coefficients (Coeff.) and
their confidence intervals (CI) after fitting a logistic reduced model.

Variable Coeff. CI 95% P-value

Herd: < 0.01
1 Reference
2 −1.67 −3.52; 0.18
3 2.74 0.95; 4.53
4 0.24 −1.16; 1.63
5 0.91 −0.61; 2.43

Parity: < 0.01
Primiparous Reference
2 1.45 0.10; 2.88
3 1.48 −0.77; 3.14
3+ 2.28 1.02; 3.54

β-hydroxybutyrate:
Prepartum 1.14 −0.73; 2.88 0.23
Milk yield −0.15 −0.23; −0.06 < 0.01
Constant 0.7363 −1.70; 3.17 0.55
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IMI. Although we did not find a significant association between those
variables, other authors have indicated that a reduced dry matter
intake following parturition, and an increase in nutrient requirements
for milk synthesis may result in a period of negative energy balance
that has been associated with a decrease in neutrophil and lymphocyte
functions (Suriyasathaporn et al., 2000a, 2000b). Subclinical mastitis
results after the influx of inflammatory cells to the mammary gland,
which may be nonfunctional due to the lack of energy, defined by
hyperketonemia. However, our results indicated that the number of
cows having high serum BHB concentration was lower than expected,
and was not associated with the odds of having an IMI in the first
month of lactation.

The lack of association between serum indicators of energy balance
and subclinical mastitis in periparturient dairy cows has been reported
elsewhere. An increase in non-esterified fatty acids before calving was
observed in cows that developed clinical mastitis in the first week of
lactation; however, subclinical mastitis did not differ between healthy
and ketotic cows (Moyes et al., 2009). Other studies have reported an
increased SCC at first test-day after calving in cows with high non-
esterified fatty acids, which indicates a negative energy balance
(Nyman et al., 2008). Consequently, Moyes et al. (2009) indicated that
mechanisms involved in the relationship among energy metabolites,
immune function, and susceptibility to mastitis are not fully under-
stood. The number of studies evaluating the association between serum
BHB concentration and subclinical mastitis are scarce; however, there
is growing information about the association between biochemical
indicators of the energy balance (e.g. non-esterified fatty acids, and
ketone bodies) and clinical mastitis.

There are some other cow factors, such as increased parity, and at
least one SCC ≥200,000 cells/mL before drying-off, associated with
mastitis in the first month of lactation (Green et al., 2007; Madouasse
et al., 2012). These authors also found a number of management
factors associated with an increased rate of mastitis around calving,
such as the lack of hygiene during the administration of treatments at
drying-off, and overall hygiene conditions of the early and late dry-
period accommodation and calving areas. In our study any additional
information than breed, parity, milk yield, and body condition of the
cows was not recorded and was beyond the scope of our study.

An increase in the odds of having an IMI around calving was
associated with the number of lactations. Older cows may have certain
degree of immunosuppression compared to younger cows that may
affect the response of the mammary gland to mastitis pathogens
(Pantoja et al., 2009; Pinedo et al., 2012). This finding might be
slightly biased, as the Se of microbiological cultures for major patho-
gens increases when SCC was > 200,000 cells/mL (Dohoo and Leslie,
1991). However, major pathogens such as Staph. aureus, Strep. uberis
and Strep. agalactiae, are highly prevalent in Colombian herds (Keefe
et al., 2011; Ramírez et al., 2014).

The dry period is an important part of the lactation cycle for the
cure of existing IMI and the acquisition of new IMIs (Dingwell et al.,
2004; Madouasse et al., 2012). The high incidence of IMIs in the first
month of lactation and the moderate prevalence of chronic IMIs found
in our study may be the result of the exposure to herd- and cow-level
risk factors for infections acquired during the dry period, although
there was no information recorded in primiparous cows before calving.
A clean dry-period accommodation and calving area is important to
maintain a good udder health over the course of the dry period and in
the subsequent lactation; however, a former study did not show
differences in the incidence rate of clinical mastitis around calving in
cows that were housed or at pasture for their dry period (Green et al.,
2007). Herds where dry cows and pregnant heifers were housed
together in the same area or space had a higher incidence rate of
clinical mastitis in the first 30 DIM (Barkema et al., 1999b). Other herd
factors associated with an increased rate of clinical mastitis during the
onset of lactation were a pasture rotation policy that allows the dry
cows area to remain nongrazed for less than four wk, and poor

environmental conditions for the cows (Green et al., 2007). Even
though these risk factors were not evaluated in our study, all of those
are conditions that remain as part of the overall management in
Colombian dairy herds.

The prevalence of hyperketonemia (serum BHB concentration
≥1.2 mmol/L) in our study was lower than observed in United States
and Europe (McArt et al., 2012; Suthar et al., 2013). However, those
authors found also a higher frequency of high BHB concentrations two
wk after calving. Studies conducted in herds from western Colombia
showed that cows in those herds had higher serum BHB concentrations
compared to the concentrations found in our study (Ceballos et al.,
2002). No differences were found between prepartum and postpartum
but a higher frequency of increased BHB was observed at the peak of
milk yield, which occurred six wk after calving (Ceballos et al., 2002).

Results might be affected also by the definition of the serum BHB
thresholds to establish the hyperketonemia, which are variable across
studies (Suthar et al., 2013; Berge and Vertenten, 2014). Different cut-
offs have been used to define serum BHB concentrations suggesting the
subclinical condition (Duffield et al., 2009; McArt et al., 2012), which
may be not appropriate to set a cut-off to evaluate the dynamic
metabolic state of the transition cow. Therefore, we decided to evaluate
the association of the serum BHB concentration on a continuous scale
instead of grouping the cows as healthy or having hyperketonemia
based on their results of BHB concentrations.

Nevertheless, the odds of having subclinical mastitis in cows of our
study was lower compared to the results reported in European studies
(Suthar et al., 2013; Berge and Vertenten, 2014). The analysis of
clinical mastitis records in 10 different European countries did not find
any evidence to support the association of hyperketonemia with clinical
mastitis cases occurred within 30 DIM (Suthar et al., 2013). North
American studies also failed to demonstrate the association between
these variables (Duffield et al., 2009). Although cows experience an
immunosuppression during the transition period increasing the sus-
ceptibility to mastitis (Drackley, 1999; Suriyasathaporn et al., 2000a),
the lack of association between hyperketonemia and the odds of having
an IMI after calving in our study, is indicating that mastitis is a disease
highly influenced by the effect of quarter- (e.g. skin condition, posi-
tion), cow- (e.g. breed, parity), and herd-level (e.g. housed or grazing
dairy systems, overall hygiene) factors (Barkema et al., 1999b;
Barnouin et al., 2005; Green et al., 2007). Herd-specific information
on management and hygiene was not collected, that was beyond of the
scope of our study.

On the other hand, the lack of the association can be partially
explained by the power of the study. Although the expected incidence
risk of IMIs around calving in cows with hyperketonemia around
calving was set at double of the incidence risk for healthy cows, our
field data did not reflect such variation in the incidence risk between
groups. Setting a threshold of SCC of 100,000 and 200,000 cells/mL for
primiparous and multiparous cows, respectively, to decide the milk
culture after calving, might have introduced some bias in the statistical
analysis due to non-differential misclassification of the disease (i.e. IMI
in the first month of lactation) (Dohoo et al., 2009). The false positive
fraction was slightly high (i.e. 32% and 35% for declaring an IMI in
primiparous and multiparous cows, respectively), which might have
had an effect on the final incidence risk of IMIs around calving, as these
cows were classified as IMI-negative according to our definition.

The impact of the errors in the diagnosis of the outcome during
follow-up might bias the measure of association towards the null effect
(Dohoo et al., 2009); however, adjustments to the final estimate were
not conducted. In addition to this, the frequency of high serum BHB
concentration (i.e. cows with serum BHB concentrations ≥1.2 mmol/L)
was not sufficient to detect a significant association with the outcome of
interest, having an IMI within 28 DIM.

By contrast, high-producing cows are more likely to develop IMIs,
and milk losses are associated with the type of pathogen causing the
infection (Schukken et al., 2011). A former study indicated that cows
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were able to cope with high levels of milk production, without
consequences for host resistance as measured by the severity of
experimental E. coli mastitis (Kornalijnslijper et al., 2003). Regarding
to risk factors associated to IMIs around calving, increasing evidence
indicates that lowering milk yield before drying-off resulted in reduced
risk of clinical mastitis in the first 30 DIM (Dingwell et al., 2004;
Madouasse et al., 2012). However, contradictory results have been
reported (Green et al., 2007). In our study, milk yield was not evaluated
after 30 DIM but it would be of interest to conduct studies in multiple
herds to assess the effect of milk yield on the risk of having IMIs shortly
after calving.

In conclusion, the most common mammary pathogens observed in
our study at drying-off and in the first month after calving were Staph.
aureus, NAS, and Strep. uberis. There were no significant associations
between serum BHB concentrations before and around calving and the
odds of developing subclinical mastitis in the first month of lactation.
Quarter- and herd-level factors not analysed in this study might be
related to the susceptibility to mastitis shortly after calving. The effect
of overall management of the herd and hygiene might have a higher
effect on the odds of having an IMI; therefore, more studies are
necessary to assess the effect of hyperketonemia on mastitis after
controlling for the effect of those herd-level variables.
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