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Abstract: We aimed to identify predictive markers of peri- and postpartum disorders in dairy cows. Data regarding peri- and
postpartum disorders, serum metabolites, body condition score (BCS), and rectal temperature, were collected from 227 dairy cows,
which were allocated to healthy (n = 57) and diseased (n = 170) groups. Serum non-esterified fatty acid (NEFA) concentration was
higher in diseased than healthy cows 4 weeks before (p < 0.01) and immediately after (p = 0.05) calving. Serum alanine
aminotransferase (AST) activity was higher (p < 0.05) in diseased than healthy cows 1 and 2 weeks after calving, whereas total
cholesterol (TCH) concentration was lower (p < 0.05–0.0001) in diseased cows 4 weeks before, and after calving. BCS was higher
(p < 0.05) in diseased than healthy cows 4 weeks before calving, but lower (p < 0.01) in diseased cows 8 weeks after calving. Rectal
temperature was higher (p < 0.05–0.01) in diseased than healthy cows between 2 and 14 days postpartum. In conclusion, high serum
NEFA and AST concentrations and lower TCH concentration during the peripartum period, and high prepartum BCS and postpartum
rectal temperature, could be used as biomarkers to predict the subsequent development of peri- and postpartum disorders.
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Introduction

Dairy cows experience metabolic imbalance due to the severe burden of

having to meet their energy requirements for the production of colostrum and

lactation during the peri- and postpartum periods [1]. This high energy

requirement results in negative energy balance (NEB), which begins a few

days before calving and peaks approximately 2 weeks later [2, 3]. During the

period, significant metabolic and immunological changes occur in dairy cows,

which predispose towards peri- and postpartum metabolic and infectious dis-

eases [4, 5], such as milk fever, ketosis, retained placenta, metritis, and abo-

masal displacement [6, 7]. Moreover, the higher milk yield of modern dairy

herds exacerbates the NEB, increasing the incidence of peri- and postpartum

disorders, which are associated with a reduction in milk production and

poorer reproductive outcomes [8]. Thus, these health problems during transi-

tion are associated with impairments in animal welfare and economic loss to

dairy producers, especially in high-yielding herds.

The concentrations of several blood metabolites change, and thus reflect the

metabolic conditions, during transition in dairy cows, especially around calv-

ing and during the early postpartum period. Thus, numerous studies of the

relationships between metabolite concentrations, particularly non-esterified

fatty acids (NEFAs) and β-hydroxybutyrate (BHBA), and the incidence of

postpartum disorders, such as ketosis, abomasal displacement, retained pla-

centa, and metritis, have been undertaken [9-11]. The data obtained have

established the use of NEFA and BHBA as predictors of postpartum meta-

bolic and reproductive disorders. However, further investigation of the rela-

tionships between a variety of blood metabolites and peripartum health

problems is required to identify and validate additional biomarkers that could

be used to improve the health of dairy herds.
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The assessment of body condition is a simple and useful

method of evaluating body energy reserves and nutritional

status in dairy cows [12]. It changes during the lactation

period, especially around calving and during early lactation,

and a marked change at this time may reflect severe energy

imbalance, which is associated with a greater risk of pre- and

postpartum disorders developing and impaired reproductive

performance [13-15]. For this reason, the frequent assess-

ment of body condition could be used as a predictor of ani-

mal health, especially of the development of metabolic

disorders or subsequent reproductive outcomes [16].

Body temperature monitoring is a commonly used method

of detecting the presence of disease in dairy herds, espe-

cially in postpartum dairy cows [17]. Furthermore, the mea-

surement of rectal temperature for 5–10 days after calving

has been incorporated into standard operating protocols for

fresh cow health management and has been used to deter-

mine when further investigations of potential disease are

required [18]. Thresholds of 39.4oC and 39.7oC have been

used to distinguish between healthy cows and cows with

infectious disease [17, 19, 20], because several diseases, in

particular metritis, mastitis, and pneumonia, have been

shown to cause increases in body temperature [21, 22]. How-

ever, repeated measurement of rectal temperature might be

necessary to diagnose infectious diseases in postpartum dairy

cows.

Although intensive farming, characterized by low calving

index and high milk yield, has dramatically improved the

productivity of dairy herds in recent years in Korea, the inci-

dence of peri- and postpartum disorders has markedly

increased [23]. Because these health problems result in

poorer productivity and reproduction in dairy herds [24],

especially in high-yielding herds, the identification of biom-

arkers that could predict peri- and postpartum disorders dur-

ing transition is required to help reduce the incidence of these

disorders. Such biomarkers could be used in the dairy indus-

try by both veterinary practitioners and producers.

High-yielding dairy cows are also prone to multiple dis-

eases after calving. Thus, the quantification of a panel of

biomarkers, including blood metabolites, body condition

score (BCS), and rectal temperature during the transition

period could be valuable for the prediction of peri- or post-

partum health problems. Moreover, such a panel could

become a useful component of a health monitoring system

for dairy herds. Therefore, the objective of this study was to

identify biomarkers that could predict the development of

peri- and postpartum disorders. To this end, several serum

metabolites, BCS, and rectal temperature were evaluated in

dairy cows during this phase of their productive cycle.

Materials and Methods

Animals

This study was conducted on 4 dairy farms in Chung-

cheong Province, each with a herd consisting of ~90–200

cows. The cows were maintained in loose housing systems,

fed total mixed rations, and milked twice daily. The mean

milk yields for the farms were ~9,500–12,000 kg per cow per

year.

Two hundred and twenty-seven cows (65 primiparous and

162 multiparous; parity, mean ± SD 2.4 ± 1.4) were included

in the study. All cows underwent weekly reproductive health

checks by veterinarians on the research team, including an

examination of their ovarian structures (follicle and corpus

luteum) and uterus by transrectal palpation and ultrasonogra-

phy.

Study design

On the basis of the presence or absence of peri- or postpar-

tum disorders, the 227 cows were determined to be healthy

(n = 57) or diseased (n = 170). The peri- or postpartum disor-

ders recorded in the present study were dystocia (n = 46),

retained placenta (n = 68), ketosis (n = 42), milk fever (n = 13),

abomasal displacement (n = 9), digestive disorders (n = 12),

puerperal metritis (n = 81), clinical endometritis (n = 95), masti-

tis (n = 22), and lameness (n = 20).

Serum concentrations of metabolites (NEFA, BHBA, glucose,

albumin, total protein, urea nitrogen, alanine aminotrans-

ferase [AST], γ-glutamyltransferase [γGT], total cholesterol

[TCH]), calcium, magnesium, and phosphorus) and BCS

were compared between the healthy and diseased cows 4

weeks before calving, immediately after calving, and at 1, 2,

4, 6, and 8 weeks postpartum. In addition, rectal temperature

was measured daily between the 1st and 14th day in milk

(DIM) and compared between the 2 groups.

Clinical definitions

The definitions of each peri- and postpartum disorder used

in the present study were similar to those described previ-

ously [22, 25, 26]. Dystocia was defined as calving requiring

some or significant force, or cesarean section. Retained pla-

centa was defined as the retention of the fetal membranes for

longer than 24 h. Ketosis was diagnosed in the presence of a

combination of anorexia, depression, and the odor of ace-

tone on the breath. Milk fever was diagnosed by weakness

and recumbence after calving. Abomasal displacement was

diagnosed by a “ping” sound during abdominal auscultation

by a veterinarian. Digestive disorders included diarrhea and

bloat. Puerperal metritis was defined by the presence of fever

(≥39.5oC) and a watery, fetid uterine discharge during the

first 10 days after calving. Clinical endometritis was diag-

nosed on the basis of the presence of a visible mucopurulent

vaginal discharge and/or rectal palpation and ultrasonogra-

phy 4 weeks after calving. Mastitis was recorded if abnor-

mal milk or signs of inflammation in 1 or more quarters of

the udder were present. Lameness was diagnosed if an abnor-

mal gait or lack of weight-bearing on a limb was observed,

and included diagnoses of interdigital and digital dermatitis.

The presence of postpartum disorders was recorded up to 4

weeks after calving, except in the case of particular disor-
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ders, for which the timing of diagnosis is given above. With

the exception of dystocia and mastitis, postpartum disorders

were diagnosed by veterinarians in the research team.

Blood sampling, and measurement of BCS and rectal

temperature

Blood samples were collected from the tail vein 4 weeks

before calving, immediately after calving (0.5–3 h) and at 1,

2, 4, 6, and 8 weeks postpartum, to determine serum concen-

trations of NEFA, BHBA, glucose, albumin, total protein,

urea nitrogen, AST, γGT, TCH, calcium, magnesium, and

phosphorus. Ten milliliters of blood were placed into plastic

centrifuge tubes without additives and immediately placed in

an ice bath. The samples were then centrifuged at 2,000 × g

for 10 min at 4oC, and the serum was harvested and frozen at

–80oC until assayed.

At the same time as the blood collection, BCS was evalu-

ated on a 5-point scale, with quarter-point divisions, using

the visual technique developed by Edmonson et al. [12].

Rectal temperature was measured daily between the 1st and

14th DIM using a digital thermometer (FORA MT-4218;

Eujin Med Electronic, Korea), between 0700 h and 0900 h.

Quantification of serum metabolites

The concentrations of NEFA, BHBA, glucose, albumin,

total protein, urea nitrogen, AST, γGT, TCH, calcium, mag-

nesium, and phosphorus in serum samples were measured

using a 7180 Biochemistry Automatic Analyzer 710 (Hita-

chi, Japan) and commercial enzyme assay kits (Wako Pure

Chemical, Japan), according to the manufacturer’s instruc-

tions. The intra- and inter-assay coefficients of variation were

< 5% for each assay.

Statistical analyses

Data are expressed as the mean ± SEM. For statistical

analysis, cows were categorized as either primiparous or

multiparous. Statistical analyses were performed using the

SAS program (ver. 9.4; SAS Institute, USA).

All data (concentrations of serum metabolites, BCS, and

rectal temperature) were analyzed using mixed models. The

statistical models for the concentrations of serum metabo-

lites and BCS included group (diseased cows or healthy con-

trols), sampling or measurement time (4 weeks before

calving, immediately after calving, or at 1, 2, 4, 6, or 8 weeks

postpartum), and 2-way interactions between group, cow par-

ity, and sampling or measurement time.

For rectal temperature, the statistical model included

group, measurement time (between the 1st and 14th DIM),

and 2-way interactions between group, cow parity, and mea-

surement time. Student’s t-test was performed when a group

effect was observed.

The p ≤ 0.05 was considered to represent statistical signifi-

cance and 0.05 < p ≤ 0.1 was considered to indicate a trend

nearing significance.

Results

Frequency of peri- and postpartum disorders

Healthy cows constituted 25.1% (57/227) of the sample

and the remainder (74.9%, 170/227) had 1 or more disorders

(Fig. 1): 1 disorder, 24.7% (56/227); 2, 18.5% (42/227); 3,

14.1% (32/227); and 4 or more, 17.6% (40/227).

Relationships between serum concentrations of

metabolites and peri- and postpartum disorders

Figure 2 shows a comparison of the serum concentrations

of metabolites between healthy and diseased cows 4 weeks

before calving, immediately after calving, and 1, 2, 4, 6, and

8 weeks after calving. Serum NEFA was higher in diseased

than healthy cows 4 weeks before calving (p < 0.01) and

immediately after calving (p = 0.05, Fig. 2A), whereas glu-

cose concentration tended to be lower (p = 0.1) in diseased

than healthy cows 8 weeks postpartum (Fig. 2B). AST con-

centration was higher (p < 0.05) in diseased than healthy

cows 1 and 2 weeks after calving, whereas it was lower in

diseased cows 6 and 8 weeks after calving (p < 0.05–0.01,

Fig. 2C). Serum TCH concentrations were lower in diseased

cows than healthy cows 4 weeks before calving (p < 0.05),

and 1, 2, 4, 6, and 8 weeks after calving (p < 0.01–0.0001,

Fig. 2D). However, BHBA, albumin, total protein, urea nitro-

gen, γGT, calcium, magnesium, and phosphorus concentra-

tions did not differ between the healthy and diseased cows (p

> 0.1).

Relationships between BCS and peri- and postpartum

disorders

Figure 3 shows a comparison of BCS between healthy and

diseased cows 4 weeks before calving, immediately after

calving, and 1, 2, 4, 6, and 8 weeks after calving. There were

no significant effects of group (p > 0.1), but there were sig-

nificant effects of measurement time (p < 0.0001) and an

Fig. 1. Percentages of 227 Holstein dairy cows with peri- or

postpartum disorders. 0, healthy cows (57/227); 1, cows with a

single disorder (56/227); 2, cows with 2 disorders (42/227); 3,

cows with 3 disorders (32/227); > 3, cows with 4 or more dis-

orders (40/227).
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interaction between group and measurement time (p < 0.0001).

BCS was higher (p < 0.05) in diseased than healthy cows 4

weeks before calving, whereas BCS was lower (p < 0.05–

0.01) in diseased than healthy cows 7 and 8 weeks after calving.

Relationships between rectal temperature and peri-

and postpartum disorders

Figure 4 shows a comparison of rectal temperature

between healthy and diseased cows between the 1st and 14th

DIM. There were significant effects of group (p < 0.001) and

measurement time (p = 0.0001), but there was no interaction

Fig. 2. Comparison of serum NEFA (A), glucose (B), AST (C),

and TCH (D) concentrations between healthy (n = 57) and dis-

eased (n = 170) cows 4 weeks before calving, immediately after

calving, and 1, 2, 4, 6, and 8 weeks after calving. G, group

effect; WK, sampling time effect; G*WK, group-by-sampling

time effect; NEFA, non-esterified fatty acid; AST, alanine ami-

notransferase; TCH, total cholesterol.

Fig. 3. Comparison of BCS between healthy and diseased cows

4 weeks before calving, immediately after calving, and 1, 2, 4,

6, and 8 weeks after calving. There were no significant effects

of group (p > 0.1), but there were significant effects of mea-

surement time (p < 0.0001) and an interaction between group

and measurement time (p < 0.0001). BCS was higher (p < 0.05)

4 weeks before calving in diseased than healthy cows, but lower

(p < 0.01) 8 weeks after calving in diseased than healthy cows.

BCS, body condition score; G, group effect; WK, measuring

time effect; G*WK, group-by-measuring time effect.

Fig. 4. Comparison of rectal temperature in healthy and dis-

eased cows between the 1st and 14th DIM. There were signif-

icant effects of group (p < 0.001) and measurement time

(p = 0.0001), but there was no interaction between group and

measurement time (p > 0.1). Rectal temperature was higher

(p < 0.05–0.01) in diseased than healthy cows between the 2nd

and 14th DIM. G, group effect; Day, measuring time effect;

G*Day, group-by-measuring time effect; DIM, day in milk.
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between these variables (p > 0.1) with respect to rectal tem-

perature. Rectal temperature was higher (p < 0.05–0.01) in

diseased than healthy cows between the 2nd and 14th DIM.

Discussion

This study aimed to identify biomarkers that could be used

to predict the onset of peri- or postpartum disorders by eval-

uating serum metabolite concentrations, BCS, and rectal tem-

perature in periparturient dairy cows. Our data show that

higher serum NEFA and AST concentrations and lower TCH

concentration, together with higher prepartum BCS and post-

partum rectal temperature, are associated with a greater risk

of peri- and postpartum disorders in dairy cows. These biom-

arkers could therefore be used to predict the development of

peri- and postpartum disorders in dairy herds, and could be

implemented as part of a peri- and postpartum health moni-

toring program.

The percentage of cows without signs of any disorders was

quite low (25.1%), and that of cows with multiple disorders

was high (50.2%) in the present study. A previous study that

was undertaken in a commercial dairy operation in New York

State categorized 42% of cows as healthy and 58% as hav-

ing at least 1 adverse health event, of which 70% had only 1

event and 30% had more than 1 [27]. Although the reasons

for the substantial differences in the overall incidence of dis-

orders and the percentages of cows with multiple disorders

between studies are not clear, they might be related to differ-

ences in the characteristics of the animals, their nutritional

and/or health management, the environment (climate and

regional geography), the disorders considered, or the use of

differing diagnostic tools. Of these potential explanations,

insufficient nutritional or health management for the milk

yield expected might be particularly important. Another

study involved 37.5% of cows manifesting at least 1 health

problem and 59.0% having at least 1 subclinical health prob-

lem, while only 27% of the sample were not diagnosed with

either a clinical or subclinical disease problem in the postpar-

tum period [24]. Thus, a similar percentage of healthy cows

were identified in this and the present study.

To identify biomarkers that could predict the development

of peri- or postpartum disorders, we evaluated the relation-

ships between serum concentrations of NEFA, BHBA, glu-

cose (representing energy status), albumin, total protein, urea

nitrogen (representing protein status), AST, γGT, TCH (repre-

senting liver function), and calcium, magnesium, and phos-

phorus (representing mineral status), and the incidence of

specific peri- and postpartum disorders. Previous studies

have shown that the periparturient serum concentrations of

NEFA and BHBA could be used to predict the risk of cer-

tain postpartum diseases developing [6, 9]. However, we

found that serum NEFA was higher in diseased than healthy

cows in the peripartum period, whereas BHBA concentra-

tions did not differ between diseased and healthy cows

throughout the study period. Our findings regarding the asso-

ciation of high NEFA concentrations with the incidence of

postpartum disorders are consistent with those of previous

studies [9, 10]. However, these studies showed that high

BHBA concentrations were also associated with postpartum

disorders, such as abomasal displacement, clinical ketosis,

metritis, and retained placenta. In addition, another study

showed that cows with retained placenta, metritis, mastitis,

ketosis, or laminitis had higher prepartum NEFA concentra-

tions than healthy cows, and cows with retained placentas

had higher prepartum BHBA concentrations than healthy

cows [14]. Furthermore, a study by Giuliodori et al. [28]

conducted in Argentina showed that high prepartum NEFA

and postpartum BHBA concentrations were associated with a

higher risk of clinical endometritis. Finally, Cheong et al.

[29] found that multiparous cows with ketosis were 5.6 times

more likely to have subclinical endometritis and suggested

that this is likely the result of impaired uterine immune func-

tion due to NEB. Indeed, high NEFA and BHBA concentra-

tions, reflecting severe NEB, might be associated with more

severe immune system suppression, manifesting in impaired

neutrophil function, during the periparturient period [30].

Our finding that BHBA concentrations did not differ

between diseased and healthy cows might be due to differ-

ences in the identity of the disorders included in the metabo-

lite data analyses. In our study, we included almost all of the

disorders that tend to occur during the peri- and postpartum

periods, whereas other studies generally only considered met-

abolic disorders. Interestingly, however, 1 study found that

several immune cell (peripheral blood mononuclear cell)

functions appear to be associated with NEFA concentration,

and NEFAs have been shown to have a negative effect on the

oxidative burst, while BHBA has not [31]. The findings of

the present and other studies suggest that the identification of

a high NEFA concentration during the peripartum period

could be used to predict the development of a single meta-

bolic disorder or multiple disorders including a metabolic

disorder during the pre- or postpartum periods. However, our

finding that serum glucose concentration tended to be lower

in diseased than healthy cows only from 8 weeks after calv-

ing indicates that glucose concentration is not associated with

the incidence of peri- and postpartum disorders, but rather

that it might reflect the sequelae of such disorders.

A prolonged period during which the liver receives a high

concentration of NEFA tends to result in an impairment of

the liver function, associated with incomplete oxidization of

the NEFA. Thus, dairy cows experience impaired liver func-

tion, coupled with more severe inflammation and oxidative

stress during the peripartum period [32, 33]. This poor liver

function can be associated with various postpartum health

problems, including abomasal displacement, ketosis, masti-

tis, and metritis [34]. Thus, serum AST, γGT, TCH, or biliru-

bin concentrations are commonly used to assess periparturient

liver function [34, 35]. In the present study, the identification

of high AST (a positive acute phase protein) and low TCH (a

negative acute phase protein) concentrations in diseased
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cows during the transition period suggests that they have

impaired liver function, which may well contribute to the

development of peri- and postpartum disorders. Consistent

with our results, AST concentrations were higher between 2

and 13 weeks postpartum in cows that developed clinical

mastitis than in healthy cows [36]. Another study also showed

that TCH concentrations are lower in cows with retained pla-

centa, metritis, mastitis, ketosis, or laminitis than in healthy

cows between 1 and 7 weeks after calving [14]. Taking all

these findings together, the measurement of serum metabo-

lites, and in particular the identification of high NEFA and

low TCH concentrations during the peripartum period and a

high AST concentration during the first or second week post-

partum, could be useful for the prediction of peri- and post-

partum disorders in dairy herds. However, further research

will be necessary to explain why the concentrations of indi-

cators of protein status (albumin, total protein, and urea nitro-

gen) and mineral status (calcium, magnesium, and phosphorus)

did not differ between healthy and diseased cows.

BCS is an indirect measure of energy balance that can be

useful for the prediction of subsequent animal health, produc-

tivity, and reproductive status [15]. Fatter cows mobilize

more body reserves and reduce dry matter intake during early

lactation [34]. In the present study, BCS was higher 4 weeks

before calving in diseased than healthy cows, but lower in

diseased than healthy cows 8 weeks after calving. Our data

show that high BCS towards end of the dry period is unfa-

vorable for peri- and postpartum health, as also demon-

strated in other studies [37, 38]. Higher prepartum BCS might

also contribute to the high periparturient serum NEFA con-

centration identified in diseased cows in the present study.

Conversely, lower BCS 8 weeks after calving might also be

responsible for the lower glucose concentration at the same

time point in diseased cows, because it implies poor energy

status. However, a previous study showed that prepartum

BCS did not differ between diseased and healthy cows [14].

Daily measurement of rectal temperature during the early

postpartum period makes the early identification of postpar-

tum complications possible in dairy cows [17]. Therefore, we

compared the rectal temperature of diseased and healthy

cows between the 1st and 14th DIM, and found that it was

higher in diseased (39.1 ± 0.04oC) than healthy (38.9 ± 0.05oC)

cows between the 2nd and 14th DIM. The normal body tem-

perature of cattle has been reported to be 38.6oC [19, 39],

which was a similar to our finding. Moreover, a previous

study showed that rectal temperature is higher in cows with

an infectious disease (mastitis, metritis, or pneumonia, with

or without a concurrent metabolic health event) (39.1oC) than

in cows without such a condition (38.7oC) between the 1st

and 10th DIM [40]. However, the authors showed that rectal

temperature did not differ between cows with metabolic dis-

ease (milk fever, digestive upset, retained placenta, abomasal

displacement, or diarrhea) (38.8oC) and healthy cows during

the same period [40]. Another study showed that the mean

rectal temperature of cows with puerperal metritis and fever

(39.2oC) was higher than that of those without calving-related

problems (38.6oC) between the 3rd and 13th DIM [19],

which is consistent with our results. It has also been sug-

gested that a rectal temperature threshold of 39.5oC should be

used for the diagnosis of puerperal metritis [22]. Taken

together, these findings suggest that daily measurement of

rectal temperature between the 2nd and 10th or 14th DIM

would be beneficial for the earlier diagnosis of postpartum

disorders of an infectious origin in dairy cows.

In summary, the present study has identified biomarkers

that could be used for the prediction of subsequent peri- and

postpartum disorders during the transition period in dairy

cows. Our results show that high serum NEFA and low TCH

concentrations during the peripartum period and a high AST

concentration during the first or second week postpartum

could be useful predictors of peri- or postpartum disorders,

whether single or multiple. In addition, demonstration of a

high BCS 4 weeks before calving (towards end of the dry

period) and a high rectal temperature between the 2nd and

14th DIM could also be predictive of peri- or postpartum dis-

orders in dairy herds. We believe that these biomarkers could

be included as part of a peri- and postpartum health monitor-

ing program.
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