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ABSTRACT

Our objective was to determine the association of 
health status during the first 60 d in milk (DIM) and 
first postpartum ovulation risk, physical activities re-
corded by an activity monitor, and metabolic and milk 
measures in Holstein cows. Late-gestation heifers and 
close-up dry cows in 1 herd fitted with CowManager 
SensOors (Agis, Harmelen, the Netherlands) were en-
rolled in the study 3 wk before expected parturition to 
assess ear skin temperature and daily rumination, eat-
ing, inactivity, and activity times. Blood samples were 
collected at calving (d 0), and on d 3, 7, and 14 to assess 
concentrations of free fatty acids, β-hydroxybutyrate 
(BHB), calcium, glucose, and haptoglobin. In addi-
tion, weekly measures were conducted for body condi-
tion, body weight, and progesterone through 63 ± 3 
DIM when ovulation was synchronized (GnRH-1 – 7 
d – PGF2α – 24 h – PGF2α – 32 h – GnRH-2 – 16 
h – artificial insemination). Disease diagnosed in 68 
of 160 cows (42.5%) was distributed equally between 
primiparous (48.5%) and multiparous (51.5%) cows. 
Cows were classified as diseased when any case of me-
tritis, digestive disorders, ketosis, hypocalcemia, calv-
ing problems, mastitis, or lameness occurred during 
the first 60 DIM. Odds of early ovulation by median 
postpartum d 33 was 1.92 times greater in healthy than 
diseased cows. Incidence of individual diseases included 
metritis (18.8%), digestive disorders (17.5%), ketosis 
(BHB >10 mg/dL; 11.9%), hypocalcemia (Ca <2.2 
mmol/L; 10.6%), calving problems (6.3%), mastitis 
(3.1%), and lameness (3.1%). Odds of early ovulation 
were 2.48, 2.65, and 5.72 times greater in healthy cows 
compared with cows diagnosed with metritis, digestive 
disorders, or ketosis, respectively. Diseased compared 
with healthy cows had greater concentrations of free 

fatty acids, BHB, haptoglobin, greater rectal tempera-
ture, and lesser concentration of serum calcium on d 0, 
3, 7, and 14 than healthy cows. Plasma glucose was not 
affected by health status, but was lesser in concentra-
tion on d 3, 7, and 14 compared with day of calving. 
Weekly (calving through 9 wk) body condition scores 
tended to be and weekly body weights were greater in 
healthy compared with diseased cows. Activity mea-
sures differed by health status during prepartum (d 
−14 through −1) and postpartum (d 0 through 20) 
periods except for eating time. Healthy cows spent less 
time being inactive during both periods compared with 
diseased cows and had greater postpartum rumination 
times than diseased cows. Mean daily milk yield during 
the first 14 wk in milk was greater in healthy than 
diseased cows by 2.1 ± 0.8 kg. We conclude that disease 
negatively affects early postpartum ovulation risk and 
is associated with measurable changes in periparturient 
physical activity and postpartum metabolic profiles.
Key words: activity monitoring, dairy cow, postpartum 
ovulation, transition health

INTRODUCTION

Postpartum disease and disorders in dairy cows have 
a negative effect on culling, lactation, and reproductive 
performance (Carvalho et al., 2019). Approximately 
one-third of dairy cows have at least 1 clinical disease 
(metritis, mastitis, digestive problem, respiratory prob-
lem, or lameness) during the first 3 wk of lactation 
(Ribeiro and Carvalho, 2017). All reproductive disor-
ders either directly or indirectly reduce reproductive 
performance as well as milk yields (Stevenson and Call, 
1989). Transition from pregnancy (no lactation) to 
lactation (not pregnant) presents the greatest risk for 
culling and death for a dairy cow, which is exacerbated 
in cows having increased days open during the previous 
lactation (Pinedo and De Vries, 2010). Failure to adapt 
to metabolic demands of milk production increases the 
risk for periparturient diseases and hinders subsequent 
reproductive success and milk yield. Calving-related 
disorders and diseases that affect the reproductive 
tract are major contributors to poor fertility. In 2013, 
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the most common clinical diseases in cows reported by 
dairy producers were mastitis (24.8%), any degree of 
lameness (16.8%), infertility (8.2%), and metritis (6.9%; 
NAHMS, 2014). Cows that have one of the aforemen-
tioned disorders were 50 to 63% less likely to resume 
estrous cycles by the end of the voluntary waiting pe-
riod, and were 25 to 38% less likely to become pregnant 
after the first AI breeding compared with healthy cows 
(NAHMS, 2014).

Identifying cows that are at greater risk for disease is 
an essential part of transition management (Bicalho et 
al., 2017). Prevalence of periparturient disease has been 
studied in grazing (Ribeiro et al., 2013) and confined 
dairy operations (Stevenson and Call, 1988; Santos et 
al., 2009). Metabolic profiling of blood metabolites such 
as nonesterified fatty acids (NEFA; Drackley, 1999), 
BHB (Drackley, 1999), calcium (Martinez et al., 2016; 
Venjakob et al., 2018), glucose (Dubuc and Buczinski, 
2018), and other enzymes (Mohtashamipour et al., 
2020) or acute-phase proteins (Barragan et al., 2019) 
has been conducted to identify cows at risk and to pre-
dict reproductive success (Ospina et al., 2010; Ribeiro 
et al., 2013; Carvalho et al., 2019).

Blood sampling can be time consuming, expensive, 
and for most farms impractical because of herd size 
and cost. New technologies allow management of cows 
using limited labor user-friendly technology that as-
sesses various activities such as rumination, resting, 
and eating behaviors in addition to monitoring behav-
ioral activities associated with estrus. Management 
activities and facilities can either limit or facilitate vital 
cow activities such as eating, drinking, lying, resting, 
ruminating, socializing with pen mates, and standing 
behavior associated with estrus (Grant and Albright, 
2000). These essential activities make up a daily “time 
budget” for a productive dairy cow housed in a freestall 
environment: approximately 3 to 5 h eating, 12 to 14 h 
lying or resting, 2 to 3 h of social interactions, 7 to 10 
h ruminating, 30 min drinking, and 2.5 to 3.5 h outside 
the home pen (i.e., milking or travel time). Cows have 
a definite requirement for resting (lying down) that 
may compromise feeding behavior (Grant and Albright, 
2000).

Behavior can predict and identify ill health in animals 
(Weary et al., 2009). Activity monitors can provide 
valuable information about these important behaviors 
that are correlated with economic traits associated with 
health, milk yield, and estrus detection. Activity-mon-
itored measures correlate with visual observations and 
provide accurate information for use in management 
of dairy cattle (Borchers et al., 2016). Relationships 
have been determined between rumination time and 
incidences of various diseases or disorders (Liboreiro 
et al., 2015). Others have examined associations of 

rumination and activity with specific diseases such as 
metabolic and digestive disorders (Stangaferro et al., 
2016a), mastitis (Stangaferro et al., 2016b), and me-
tritis (Stangaferro et al., 2016c). Furthermore, during 
the transition period, lying and standing times differed 
among parity groups and their response to postpartum 
health events (Piñeiro et al., 2019).

Relationships of health and metabolic markers, in 
addition to measures of resting, eating, rumination, 
and activity derived from CowManager SensOor (Agis, 
Harmelen, the Netherlands) ear tags, have not been 
studied to determine their relationships to subsequent 
ovulation, estrus, and health status. Our objective was 
to characterize associations between periparturient 
disease and multiple physiological indicators of cow 
status, which included (1) metabolic status [free fatty 
acids (FFA), BHB, glucose, haptoglobin, and calcium]; 
and (2) physical and performance traits (BCS, BW, 
milk yield, eating, rumination time, activity time, and 
postpartum interval to first ovulation and estrus) in 
transition dairy cows.

MATERIALS AND METHODS

Close-up dry Holstein cows and late-gestation heif-
ers at the Kansas State University Dairy Teaching and 
Research Center were enrolled beginning 3 wk before 
expected calving date. Of 86 heifers and 82 cows that 
calved between December 2017 and August 2018, 8 
cows did not complete the study because of chronic 
disorders (e.g., debilitating lameness and mastitis) that 
occurred early in the study. At the beginning of the 
study, the 365-d rolling herd average was 14,205 kg of 
milk (518 kg of fat and 415 kg of protein). The experi-
ment was conducted under the Kansas State University 
Institutional Animal Care and Use Committee applica-
tion #3219.

Cows and heifers (115 of the 160 cows used in the 
study) were fitted with SensOor ear tags (Agis Cow-
Manager) during midgestation before study enrollment 
to monitor measures of ear skin temperature, eating, 
rumination, and inactive times, in addition to daily 
measures of activity and high activity. Activity mea-
sures all movement that is not eating, resting (no activ-
ity), or rumination. High activity is reflective of estrual 
activity. Total activity is the sum of activity and high 
activity.

Multiple concurrent events were measured, but the 
activity measures are parsed into individual minutes 
of data capture. The activity or event that occupies 
the majority of each minute is recorded as one single 
event per minute. Data captured from the ear tags were 
stored in the cloud and daily downloaded into Excel 
(Microsoft Corp., Redmond, WA) spreadsheets. Hourly 
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data were averaged to produce a daily mean for each 
activity captured by the ear tag.

Daily temperature and relative humidity data were 
obtained from the Kansas State University Weather 
Library for the duration of data collection (December 
2017 through August 2018). The official weather station 
is located at 39.2°N latitude, 96.6°W longitude, and at 
elevation of 336.6 m on the Kansas State University 
Agronomy Farm <2 km south of where experimental 
cows were housed. Heat index (temperature-humidity 
index, THI) was calculated using a standard formula 
(NOAA, 1976).

Close-up dry cows and late-gestation heifers were 
housed in an open-front, straw-bedded maternity barn 
until parturition, half of which was covered by a roof. 
The maternity barn was equipped with evaporative 
pads and fans (operational except for 2 h from 0100 
to 0300 h each night) along the north side of the barn 
that were functional during days when the temperature 
exceeded 22°C. After parturition, cows were moved to 
open lot freestall barns bedded with sand, and milked 
thrice daily. Freestalls were covered by a roof with 
overhead fans and sprinklers installed over the feed 
lane, which operated for 30 s every 10 min when the 
temperature exceeded 22°C. Routine daily monitoring 
of fresh cows by herd personnel included assessing body 
temperature and urine ketones during the first 7 to 10 
d after calving. In addition, health disorders (i.e., calv-
ing problems such as dystocia and retained placenta, 
mastitis, digestion, and lameness) were recorded in the 
on-farm management software (PCDART, Dairy Re-
cords Management Systems, Raleigh, NC).

Metabolic and Body Measures

In addition to routine postpartum cow monitoring by 
herd personnel, the following measures and diagnoses 
were made by the authors (Figure 1). Body condition 
scores (1 = thin and 5 = obese; Edmonson et al., 1989) 
and BW were assessed beginning at calving and weekly 
until 63 ± 3 DIM. Rectal temperature was assessed by 
using a digital thermometer (GLA Agricultural Elec-
tronics, San Luis Obispo, CA) and blood samples were 
collected by puncture of the coccygeal vein or artery on 
postpartum d 0 (calving), 3, 7, and 14 to assess serum 
concentrations of FFA, BHB, calcium, haptoglobin, 
and plasma glucose (Figure 1). Blood was collected into 
evacuated tubes, placed on ice, and transported to the 
laboratory. Samples were centrifuged at 1,000 × g for 
15 min at 4°C between 8 and 24 h after collection to 
harvest serum. To assess glucose, blood samples were 
collected into evacuated 7-mL tubes containing addi-
tives (75 USP units sodium heparin) for plasma collec-
tion, mixed well by hand, placed on ice, and centrifuged 
as described by 2 h after collection.

Plasma and serum samples were frozen at −20°C 
and later analyzed for concentrations of FFA (NEFA-C 
kit; Wako Diagnostics Inc., Richmond, VA), BHB (kit 
#H7587–58; Pointe Scientific Inc., Canton, MI), and 
glucose (kit #439–90901, Wako Chemicals USA Inc.) 
by enzymatic methodology. Interassay coefficients of 
variation (CV) averaged 3.28, 3.59, and 2.90%, respec-
tively. Concentrations of total calcium were determined 
using an atomic absorption spectrophotometer (AAna-
lyst 200, Perkin-Elmer Inc., Waltham, MA; Martinez et 
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Figure 1. Experimental scheme describing sample collection and experimental activities. Activity monitoring (eating, rumination, ear skin 
temperature, and inactive and active periods) via SensOor (Agis, Harmelen, the Netherlands) ear tags was recorded from −14 to +20 d from 
calving (d 0 = calving). Rectal temperature and blood samples were collected on d 0, 3, 7, and 14 to measure serum concentrations of free fatty 
acids (FFA), BHB, haptoglobin, and Ca, and plasma concentrations of glucose. Cows were classified as diseased when any case of metritis, diges-
tive disorders, ketosis, hypocalcemia, calving problems, mastitis, or lameness occurred during the first 60 DIM. Body condition scores and BW 
were assessed on d 0 and weekly until 63 ± 3 DIM. Weekly blood samples were collected beginning at d 21 ± 3 to d 63 ± 3 for later assessment of 
serum concentrations of progesterone. Ovulation was synchronized by administering GnRH and PGF2α beginning at 63 ± 3 DIM. Furthermore, 
blood samples were collected before treatment injections of GnRH and PGF to evaluate progesterone concentration.
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al., 2016). Interassay CV averaged 2.34%. Haptoglobin 
was measured as described by Makimura and Suzuki 
(1982) with interassay CV averaging 8%.

Reproductive Traits

Blood samples were collected weekly beginning on 
d 21 ± 3 until d 63 ± 3 to determine the onset of 
luteal function and before ovulation synchronization 
injections of GnRH and PGF2α for later assessment 
of progesterone concentration (Figure 1). Concentra-
tions of progesterone in blood serum were measured 
by direct quantitative (nonextracted) RIA using Im-
muChem Double Antibody progesterone 125I kits (MP 
Biomedicals LLC, Solon, OH) previously validated for 
bovine serum (Hill et al., 2016). Intra- and interassay 
coefficients of variation for a low (0.26 ± 0.01 ng/mL) 
were 5.2 and 16.6% and for a luteal marginal (1.22 ± 
0.1 ng/mL) concentration pool were 6.4 and 16.1%, re-
spectively. Calculated assay sensitivity averaged 0.15 ± 
0.5 ng/mL, and progesterone standard concentrations 
in the assay were 0.05, 0.1, 0.2, 0.5, 2.0, 5.0, 10.0, and 
25.0 ng/mL.

Day of ovulation was defined to occur midway be-
tween the last weekly sample when progesterone <1 
ng/mL and the next weekly sample when progesterone 
>1 ng/mL. Estrual alerts generated by the SensOor ear 
tags produced dates, duration (h), and intensity (ar-
bitrary units) of estrus during the postpartum period 
until first insemination. Beginning at 63 ± 3 DIM, cows 
were enrolled in a modified ovulation synchronization 
program [GnRH-1 (2 mL of Factrel, Zoetis Inc., Kalam-
azoo, MI) – 7 d – PGF2α (2 mL of Lutalyse HighCon, 
Zoetis Inc.) – 24 h – PGF2α – 32 h – GnRH-2 – 16 h 
– AI; Figure 1]. Blood samples also were collected at 63, 
70, and 73 ± 3 DIM to assess progesterone responses 
to Ovsynch [i.e., luteolysis (progesterone ≤0.32 ng/mL 
at AI)]. Ovaries were scanned transrectally by ultraso-
nography (7.5 MHz linear-array transducer, Ibex EVO, 
E.I. Medical Imaging, Loveland, CO) at 63, 70, 73, and 
77 ± 3 DIM to determine follicle diameters (average 
of vertical and horizontal diameter measures using 
electronic calipers), number of luteal structures, and 
ovulatory response (disappearance of mapped follicle) 
to both GnRH treatments (GnRH-1 and GnRH-2).

Definitions and Assessment of Disease

The following postpartum diseases were diagnosed or 
assessed during the first 60 DIM: metritis, digestive dis-
orders, ketosis, hypocalcemia, calving problems, mas-
titis, or lameness. Two health statuses were detected: 
diseased or healthy. Cows (n = 68) were defined as 

diseased when any case of metritis, digestive disorders, 
ketosis, hypocalcemia, calving problems, mastitis, or 
lameness was diagnosed. The remaining cows (n = 92) 
were defined to be healthy.

Metritis was diagnosed when evidence of brown wa-
tery exudate detected by palpation per rectum at d 3, 
7, and 14. Metritis was characterized by the presence 
of fever and a red/brown watery fetid uterine discharge 
(LeBlanc, 2010). Standard treatment included ceftiofur 
hydrochloride (Zoetis Inc.) for 3 consecutive days.

Digestive disorders were diagnosed during the first 
60 DIM when any cow had a displaced abomasum (his-
tory and clinical signs in combination with ausculta-
tion findings with a distinct ping identified by using 
a stethoscope), diarrhea, off feed, or treatment with 
antidiarrheal medications (Bismu-Kote, Vedco Inc., St. 
Joseph, MO).

Ketosis was diagnosed when large or moderate ke-
tones were detected in urine by using TRUEplus ketone 
test strips (Trividia Health, Fort Lauderdale, FL) dur-
ing the first 10 d postpartum, followed by treatment 
with ketogel, propylene glycol, or dextrose, or when 
BHB concentration exceeded a threshold of 10 mg/dL 
in any of 3 of 4 samples collected on postpartum d 0, 3, 
7, or 14 (Ospina et al., 2010; Ribeiro et al., 2013).

Subclinical hypocalcemia was diagnosed retrospec-
tively when serum calcium was <2.20 mmol/L in any of 
3 of 4 samples collected on postpartum d 0, 3, 7, or 14 
(Ribeiro et al., 2013; Dubuc and Buczinski, 2018; Ven-
jakob et al., 2018). Only 3 cows diagnosed with subclin-
ical hypocalcemia were later diagnosed and treated for 
clinical milk fever. Calving problems included any cow 
with twins or a calving difficulty score of 3 or greater 
(1 = no problems; 5 = extreme difficulty), or retained 
placenta (failure to expel fetal membranes by 24 h after 
calving). Cows were not treated specifically for either 
calving difficulty or retained placenta. Clinical masti-
tis was assessed when abnormal milk was detected by 
milking technicians during the first 60 DIM postpartum 
and cows were treated with antibiotic. Lameness until 
60 DIM included any cow with joint swelling (hock, 
pastern, or stifle), hoof ulcers, and obvious limping. 
Treatments included hoof trimming, applying blocks to 
ulcerated hooves, or both.

To assess seasonal effects, calving months were cat-
egorized into 2 seasons. Winter-spring calvings (Decem-
ber through April) were compared with summer calv-
ings (May through August). For winter-spring calvings, 
the THI ranged from 12.8 to 67.6, with an average of 
42.0. In contrast, for summer calvings, the THI ranged 
from 60.8 to 82.3, with an average of 73.6. During 79 of 
the 90 d of the summer period, the THI exceeded 68 at 
which heat stress effects are known to reduce milk yield 
(Habeeb et al., 2018).
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Statistical Analyses

Cow was the sampling unit and treated as a random 
effect in all models. All analyses were performed by 
using SAS 9.4 software (SAS Institute Inc., Cary, NC). 
Rectal temperature, and concentrations of FFA, BHB, 
calcium, haptoglobin, and glucose assessed on d 0, 3, 
7, and 14 were analyzed by using a mixed model pro-
cedure (MIXED procedure) to account for correlated 
repeated measures. The model consisted of the fixed 
effects of health status (healthy vs. diseased), parity 
(primiparous vs. multiparous), day, interaction of day 
with health status, interaction of health status and 
parity, and season. Day was the REPEATED term in 
the model. Health status was tested by the cow within 
health status variance (split-plot error), whereas all 
other model variables were tested by the residual error 
(whole-plot error). The covariance structure varied with 
each MIXED model. The tested covariance structures 
included autoregressive with and without heterogeneity, 
compound symmetry with and without heterogeneity, 
and Toeplitz. The final model chosen for each variable 
included the covariance structure that produced the 
smallest Akaike’s information criteria.

Prepartum (d −14 through −1) and postpartum (d 0 
through 20) activity measures were analyzed similarly 
but in separate prepartum or postpartum models. All 
repeat-measure activity measures (i.e., daily times of 
eating, rumination, ear skin temperature, inactivity, 
and total activity from −14 through +20 d postcalv-
ing) were analyzed as described previously using the 
same repeat-measure MIXED model and appropriate 
covariance structure determinations. Weekly BW and 
BCS were analyzed as described using the same repeat-
measure MIXED model but substituting week for day.

Non-repeat-measure traits including milk yield data, 
milk components, SCC, and other measures (days to 
first ovulation and first estrus, duration and intensity of 
estrus, ovarian follicle diameters, BW and BCS at calv-
ing and at AI) were analyzed by ANOVA (procedure 
GLM). The model consisted of health status, parity, 
their interaction, and season of calving. Milk yield DHI 
test-day data (3.5% FCM and ECM, fat and protein 
yield, and percentages) included 1 test-day between 
51 and 94 DIM (±20 d of AI) and average daily milk 
during the first 14 wk of lactation (including 150- and 
305-d ECM) using the same statistical model.

Binomial data were analyzed by logistic regression 
(procedure GLIMMIX) by using the model of health 
status, parity, their interaction, and season of calving. 
Options used in the model statement included LINK 
= LOGIT, DIST = BINOMIAL, and the least squares 
means option of ILINK and DIFF.

All mean comparisons of health status (healthy vs. 
diseased), parity (primiparous vs. multiparous), and 
season (winter-spring vs. summer) were by F-tests. 
When interactions occurred in which more than 2 
means were compared, means were separated by the 
least significant difference test in SAS. In all cases, sta-
tistical significance of effects was set as P < 0.05, with 
tendencies as 0.05 < P ≤ 0.10.

RESULTS

Disease Incidence

Incidence of at least one disease or disorder was 
42.5% (n = 68). Of the 68 cows diagnosed with disease, 
48.5% had 1 disease, 35.5% had 2 different diseases, 
and 16.2% had 3 diseases diagnosed. Mean and median 
DIM for timing of individual disease diagnoses are in 
Table 1. Disease incidence ranged from 3.1% for lame-
ness or mastitis to 18.8% for metritis. Disease diagnoses 
were distributed equally between primiparous (48.5%) 
and multiparous (51.5%) cows. Only ketosis incidence 
was greater (P = 0.02) in multiparous than primipa-
rous cows (18.0 vs. 6.1%, respectively).

Health status was consistent with metabolite mea-
sures assessed in samples collected on d 0, 3, 7, and 
14 (Figure 2). Healthy compared with diseased cows 
had lesser (P < 0.001) serum concentrations of FFA, 
BHB, and haptoglobin, whereas serum calcium was 
greater (P < 0.001) in healthy cows. Primiparous cows 
had lesser (P < 0.01) concentrations of FFA than mul-
tiparous cows (0.47 ± 0.02 vs. 0.56 ± 0.02 mEq/L, 
respectively), whereas no seasonal effect (P = 0.14) was 
detected for serum concentrations of FFA. No health 
status by parity interactions were detected for any of 
the metabolic measures.

Concentrations of BHB were greater (P < 0.01) in 
multiparous than primiparous cows (8.3 ± 0.2 vs. 7.1 
± 0.2 mg/dL, respectively) and greater (P < 0.01) for 
cows calving during winter-spring months compared 
with summer (8.2 ± 0.2 vs. 7.2 ± 0.2 mg/dL, respec-
tively; Figure 2). Concentrations of haptoglobin were 
greater (P = 0.03) in primiparous than multiparous 
cows (12.1 ± 0.4 vs. 11.1 ± 0.4 units, respectively) and 
for cows calving during summer versus winter-spring 
months (12.5 ± 0.4 vs. 10.7 ± 0.4 units, respectively). 
Furthermore, neither parity (P = 0.35) nor season of 
calving (P = 0.43) affected concentrations of calcium 
or haptoglobin.

Rectal temperatures were greater (P < 0.01) on d 
3, 7, and 14 compared with those at calving (Figure 
3; upper panel). Diseased cows had greater (P < 0.01) 
rectal temperatures than healthy cows on d 3, 7, and 
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14 (health status by day interaction), but not on the 
day of calving. Rectal temperatures tended (P = 0.09) 
to be greater for cows calving during summer than 
winter-spring months (39.0 ± 0.03 vs. 38.9 ± 0.03°C), 
respectively, but no parity differences (P = 0.57) were 
detected. Health status did not affect plasma glucose 
on d 0, 3, 7, or 14, but overall concentrations were less 

(P < 0.01) on d 3, 7, and 14 compared with that at 
calving (Figure 3; lower panel). Plasma glucose also 
was less (P < 0.01) in multiparous than primiparous 
cows (57.3 ± 0.8 vs. 66.6 ± 0.7 mg/dL, respectively), 
and tended (P = 0.08) to be less for cows calving dur-
ing winter-spring than summer months (61.2 ± 0.7 vs. 
62.6 ± 0.8 mg/dL, respectively).

Stevenson et al.: TRANSITION HEALTH AND ACTIVITY

Table 1. Disease incidence and risk of early ovulation

Item
Incidence 

(%)
Mean (median) 

days to diagnosis
Early ovulation 

risk1 (%)

Univariate analysis

OR2 95% CI P-value

Healthy (n = 92) 57.5 — 54.4 Referent    
Diseased3 (n = 68) 42.5 — 38.2 1.92 1.02–3.70 0.04
Type of disorder            
  Metritis4 18.8 3.0 (3) 30.0 2.48 1.06–5.82 0.03
  Digestive5 17.5 8.1 (7) 28.6 2.65 1.09–6.46 0.03
  Ketosis6 11.9 5.0 (4) 15.8 5.72 1.60–20.5 0.01
  Hypocalcemia7 10.6 0.3 (0) 64.7 0.45 0.16–1.30 0.13
  Calving problems8 6.3 1.9 (1) 30.0 2.21 0.55–8.88 0.25
  Mastitis9 3.1 34.3 (46) 80.0 0.22 0.02–1.98 0.14
  Lameness10 3.1 38.1 (28.5) 60.0 0.59 0.10–3.25 0.57
1Early ovulating cows had their first increase in weekly progesterone ≥1 ng/mL or ultrasound-detected corpus luteum by 33 DIM (median).
2Odds ratio.
3Any case of diagnosed metritis, digestive disorders, ketosis, hypocalcemia, calving problems, mastitis, or lameness during the first 60 DIM.
4Metritis = evidence of brown watery exudate detected by transrectal palpation at d 0, 3, 7, and 14 postpartum.
5Disorders were diagnosed during the first 60 DIM including displaced abomasum, diarrhea, or off feed.
6Cows diagnosed with large or moderate ketones, followed by treatment with ketogel, propylene glycol, or dextrose, or diagnosed when BHB 
concentrations exceeded 10 mg/dL in 3 of 4 samples collected on postpartum d 0, 3, 7, or 14.
7Concentrations of calcium <2.20 mmol/L in 3 of 4 samples collected on postpartum d 0, 3, 7, or 14 (included 3 treated cases of milk fever).
8Twins, retained fetal membranes, or a calving difficulty score of 3 or greater (1 = no problems; 5 = extreme difficulty).
9Any case of antibiotic-treated abnormal milk occurring during the first 60 d postpartum.
10Swelling of joints, hoof ulcers, and limping during the first 60 DIM.

Figure 2. Least squares means (±SEM) concentrations of serum free fatty acids (FFA), BHB, calcium, and haptoglobin on d 0, 3, 7, and 
14 after calving for healthy (n = 92) and diseased (n = 68) dairy cows. Diseased cows included any case of defined metritis, digestive disorders, 
ketosis, hypocalcemia, calving problems, mastitis, or lameness during the first 60 DIM.
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Daily minimum, maximum, and average ear skin 
temperatures assessed on d 0, 3, 7, and 14 were highly 
correlated (P < 0.001) with the daily minimum (r = 
0.94), maximum (r = 0.95), and average (r = 0.96) 
environmental temperatures. In contrast, rectal tem-
peratures assessed on those same days were correlated 
(P < 0.001) with daily minimum (r = 0.21), maximum 
(r = 0.23), and average (r = 0.22) environmental tem-
peratures, but at lesser magnitudes. The magnitudes 
of the correlations (r = 0.22) between ear skin tem-
perature and rectal temperature were in the same range 
as the correlations between rectal and environmental 
temperatures, indicating that the ear skin temperature 
was more closely related to environmental conditions 
than to body temperature.

Daily ear skin temperatures (data not shown) did 
not differ (P = 0.81) by health status during either 
the prepartum or postpartum periods because of large 
variation in days and cows. Ear skin temperatures dur-

ing the first 20 d postpartum, however, increased (P 
< 0.01) by day in healthy cows from a nadir on d 1 
through 8, at which time they leveled off, whereas tem-
perature in diseased cows continued to increase through 
d 20 postpartum. Parity had no effect on ear skin tem-
peratures either before or after calving. In contrast, ear 
skin temperature was predictably greater (P < 0.01) 
for cows calving during summer versus winter-spring 
months during both prepartum (31.1 ± 0.6 vs. 22.9 
± 0.5°C, respectively) and postpartum (32.6 ± 0.9 vs. 
23.9 ± 0.7°C, respectively) periods.

Activity Measures

Prepartum (d −14 through d −1) and postpartum (d 
0 through d 20) daily averages for inactivity (resting), 
rumination, eating, and total activity are illustrated in 
Figure 4. Cows diagnosed with disease were less ac-
tive (rested more) during the prepartum (P = 0.02) 
and postpartum (P < 0.001) periods than healthy cows 
(Figure 4; upper left panel), with the greatest difference 
between health statuses during the postpartum period. 
Inactive time peaked on d 1 in healthy cows, and was 
lesser (P < 0.05) than diseased cows. Peak of inactive 
time in diseased cows was on d 2. Inactive time was not 
affected by parity (P > 0.17), but an interaction was 
detected (P = 0.02) between health status and parity 
during the prepartum, but not during the postpartum 
period. Healthy and diseased primiparous cows had 
prepartum inactive times that did not differ (409.4 ± 
10.9 vs. 413.5 ± 12.2 min/d, respectively), whereas 
multiparous diseased cows were more (P = 0.02) inac-
tive (rested more) prepartum than healthy multiparous 
cows (451.3 ± 12.3 vs. 394.4 ± 11.0 min/d, respec-
tively). Daily inactivity was greater for cows calving 
during winter-spring than summer months during both 
the prepartum (P < 0.01; 443.3 ± 7.7 vs. 391.4 ± 9.0 
min/d, respectively) and postpartum (P = 0.06; 400.5 
± 10.1 vs. 374.7 ± 11.4 min/d, respectively) periods.

Prepartum rumination times were unaffected by 
health status, but were greater (P = 0.05) in healthy 
than diseased cows after calving (Figure 4; upper right 
panel). Prepartum rumination slowly decreased and 
then abruptly by 90 min 24 h before parturition reach-
ing a nadir by 24 h after calving. Thereafter, rumina-
tion in healthy cows increased rapidly to a peak on d 
8 to 9 and leveled off, whereas the peak in rumination 
in diseased cows was delayed to d 15 before leveling 
off. Daily rumination was less (P = 0.04) during the 
prepartum period in gestating heifers (primiparous 
cows) than in multiparous cows (395.2 ± 9.0 vs. 421.8 
± 9.3 min/d), whereas season had no effect (P = 0.25) 
on daily rumination. After calving, primiparous cows 
ruminated fewer (P < 0.01) minutes per day than older 
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Figure 3. Least squares means (±SEM) rectal temperatures (up-
per panel) and concentrations of plasma glucose (lower panel) and on 
d 0, 3, 7, and 14 after calving for healthy (n = 92) and diseased (n = 
68) dairy cows. Diseased cows included any case of defined metritis, 
digestive disorders, ketosis, hypocalcemia, calving problems, mastitis, 
or lameness during the first 60 DIM.
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cows (502.5 ± 9.3 vs. 551.3 ± 9.5 min/d, respectively). 
Daily postpartum rumination was greater (P < 0.01) for 
cows calving during summer than winter-spring months 
(558.2 ± 10.1 vs. 495.7 ± 8.8 min/d, respectively). No 
interaction was detected for rumination time between 
health status and parity.

Eating times were not affected by health status dur-
ing either period, but an acute decrease in prepartum 
eating time was evident during the last 24 h before 
calving, reaching nadirs on d 4 to 6 in healthy cows 
and diseased cows, but at a lower (P < 0.10) nadir in 
diseased cows. Thereafter, eating time increased slowly 
in all cows (Figure 4; lower left panel). Daily prepartum 
eating times were not affected by parity (P = 0.72) 
or season (P = 0.32). An interaction, however, was 
detected (P = 0.05) between health status and par-
ity during the prepartum period, but not during the 
postpartum period. Healthy prepartum primiparous 
cows spent less (P = 0.04) time eating than healthy 
multiparous cows (180.3 ± 10.1 vs. 209.1 ± 10.3 min/d, 
respectively), whereas eating time did not differ (P = 
0.28) for diseased cows (196.8 ± 11.4 vs. 184.4 ± 11.5 
min/d, respectively). Furthermore, diseased multipa-
rous cows tended (P = 0.11) to spend less time eating 
than healthy multiparous cows (184.4 ± 11.5 vs. 209.1 
± 10.3 min/d, respectively). Postpartum eating time 
was greater (P < 0.01) for cows calving during winter-
spring than summer months (131.4 ± 7.0 vs. 94.0 ± 8.0 

min/d, respectively), but did not differ by parity (P = 
0.52).

Prepartum total daily activity was not affected by 
health status, but after calving, healthy cows tended 
(P = 0.09) to have greater activity than diseased cows 
(Figure 4; lower right panel). Both parity and season 
influenced prepartum total daily activity. Primiparous 
cows were more (P < 0.01) active than older cows (446.6 
± 8.5 vs. 397.1 ± 8.8 min/d, respectively), and summer 
total activity was greater (P < 0.01) than winter-spring 
daily activity (457.7 ± 9.4 vs. 385.9 ± 8.0 min/d, re-
spectively). Postpartum total daily activity was greater 
(P < 0.01) in primiparous than multiparous cows (443.3 
± 8.3 vs. 382.8 ± 8.5 min/d, respectively) during both 
seasons. No interaction was detected for total activity 
between health status and parity.

Ovarian Characteristics

Median day to first ovulation was 33 d. Mean days 
to first ovulation was 5.9 d less (P = 0.05) in healthy 
than diseased cows (Table 2), but was unaffected by 
parity (P = 0.14) or season (P = 0.47). More (P = 
0.05) healthy cows ovulated before the median d 33 
and before AI (P = 0.05) compared with diseased cows. 
More primiparous than multiparous cows tended (P = 
0.09) to ovulate by d 33 (53.7 vs. 39.1%, respectively), 
whereas more (P = 0.03) cows calving during winter-
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Figure 4. Least squares means (±SEM) of inactive time (upper left panel), eating time (lower left panel), rumination time (upper right 
panel), and total activity (lower right panel) during 14 d before calving and 20 d postcalving for healthy (n = 92) and diseased (n = 68) dairy 
cows. Diseased cows included any case of defined metritis, digestive disorders, ketosis, hypocalcemia, calving problems, mastitis, or lameness 
during the first 60 DIM.
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spring than during summer months ovulated by d 33 
(55.6 vs. 37.3%, respectively).

All healthy cows ovulated at least once before AI, 
whereas 92.5% of diseased cows ovulated more than 
once by AI (Table 2). Primiparous cows had more (P < 
0.01) ovulations before AI than multiparous cows (2.1 
± 0.09 vs. 1.7 ± 0.9, respectively) in both seasons. The 
odds for cows having delayed ovulation (not ovulating 
before median d 33 postpartum) were 1.92 times greater 
(P = 0.04) for diseased than healthy cows. Metritis, 
ketosis, and digestive disorders were the only diseases 
that each individually increased (P < 0.05) the odds of 
delayed first postpartum ovulation by 2.48, 5.72, and 
2.65 times, respectively (Table 1).

Days to first estrus, duration of first estrus, and in-
tensity of first estrus did not differ according to health 
status, but healthy cows tended (P = 0.09) to have 
more periods of estrus before AI than diseased cows 
(Table 2). Neither parity (P > 0.26) nor season of calv-
ing (P > 0.13) affected these estrual traits, except that 
the number of periods of estrus detected before AI was 
greater during summer than winter-spring months (1.2 
± 0.1 vs. 0.7 ± 0.1, respectively).

More (P = 0.03) healthy cows had a corpus luteum 
present at GnRH-1 than diseased cows (Table 2). More 
summer-calving cows had a corpus luteum present at 
GnRH-1 than for cows calving during winter-spring 
months (88.0 vs. 69.2%, respectively). Concentrations 
of serum progesterone before GnRH-1, PGF2α, and at 
AI did not differ (P = 0.27) by health status. Neither 

parity (P = 0.13) nor season (P = 0.36) affected con-
centrations of progesterone. Four cows failed to have 
luteolysis before AI (concentrations of progesterone 
≤0.32 ng/mL), with 2 cows in each health status cat-
egory.

In contrast, no other ovarian traits (Table 2) assessed 
by transrectal ultrasonography differed by health status 
including diameter of follicles assessed before GnRH-1, 
PGF2α, and at 24 h before AI, or average ovulation 
response to GnRH-1 (41.9%) or GnRH-2 (89.7%). Ovu-
lation response after GnRH-1 was greater (P = 0.02) 
for cows calving during summer than winter-spring 
months (51.8 vs. 32.3%, respectively), but did not dif-
fer (P = 0.21) after GnRH-2 (86.4 vs. 92.6%, respec-
tively). Ovarian follicular diameters were consistently 
1.0 to 1.1 ± 0.4 mm greater (P < 0.05) in multiparous 
compared with primiparous cows at each time point. 
Moreover, for cows calving during summer compared 
with winter-spring months, follicles were 0.9 to 1.8 ± 
0.4 mm smaller (P < 0.05) in diameter.

BCS, BW, and Milk Yield

Body condition scores did not differ at calving but 
were greater (P = 0.04) for healthy than diseased cows 
at first AI (Table 3). Primiparous cows had greater 
(P = 0.04) BCS at the time of AI compared with 
multiparous cows (2.5 ± 0.04 vs. 2.4 ± 0.04). Weekly 
BCS tended (P = 0.07) to be greater throughout the 
prebreeding period for healthy cows compared with 
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Table 2. Estrus and ovarian characteristics of healthy and diseased dairy cows

Item Healthy Disease1 P-value

First ovulation by d 332 (%) 54.7 (92)3 38.2 (68) 0.05
Days to first ovulation2 34.4 ± 1.7 (92) 40.3 ± 2.0 (68) 0.02
Number of ovulations before AI4 2.1 ± 0.08 (91) 1.8 ± 1.0 (67) 0.05
Ovulation before AI (%) 100 (91) 92.5 (61) <0.01
Days to first estrus 43.3 ± 2.4 (61) 46.1 ± 3.0 (38) 0.46
Duration of estrus (h) 13.5 ± 1.4 (61) 11.9 ± 1.7 (38) 0.47
Intensity of first estrus (units) 5.1 ± 0.2 (61) 4.7 ± 0.3 (38) 0.30
Number of estrual periods before AI 1.1 ± 0.1 (61) 0.8 ± 0.1 (38) 0.09
Estrus before AI (%) 67.0 (61) 56.7 (38) 0.19
Estrus at AI (%) 24.2 (61) 26.9 (38) 0.67
GnRH-14      
  Follicle diameter (mm) 12.9 ± 0.4 (90) 12.8 ± 0.4 (67) 0.76
  Corpus luteum present (%) 86.4 (90) 72.1 (67) 0.03
  Ovulation (%) 42.8 (90) 40.7 (67) 0.80
PGF2α-1      
  Follicle diameter (mm) 12.0 ± 0.3 (90) 12.4 ± 0.4 (67) 0.36
GnRH-2      
  Follicle diameter (mm) 13.6 ± 0.3 (90) 13.8 ± 0.4 (67) 0.72
  Ovulation (%) 88.8 (90) 91.0 (67) 0.66
1Any case of diagnosed metritis, digestive disorders, ketosis, hypocalcemia, calving problems, mastitis, or lame-
ness during the first 60 DIM.
2First increase in weekly progesterone ≥1 ng/mL or ultrasound-detected corpus luteum by 33 DIM (median).
3Number of cows in parentheses.
4Two cows were anovulatory before ovulation synchronization starting at 63 ± 3 DIM; GnRH-1, PGF2α, and 
GnRH-2 were administered at 63, 70, and 72 DIM (see Figure 1).
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diseased cows (Figure 5; upper panel). Weekly BCS did 
not differ by parity (P = 0.43) or season of calving (P 
= 0.59). Body weight at calving and at first AI did not 
differ by health status (Table 3), but when weekly BW 
was expressed as a percentage of the first postcalving 
BW, healthy cows had greater percentage BW during 
wk 2 through 7 (health status by week interaction; P = 
0.03; Figure 5; lower panel) than diseased cows. Neither 
parity (P = 0.64) nor season of calving (P = 0.37) 
influenced percentage BW.

None of test-day milk characteristics assessed during 
a period ±20 d of AI differed between health status 
groups (Table 3). Expected parity differences were ob-
served for yields of fat, percentages of fat, and protein. 
Earlier ovulating cows produced more (P < 0.01) milk 
protein (1.3 ± 0.01 vs. 1.2 ± 0.01 kg) and greater (P 
< 0.01) milk protein percentages (2.8 ± 0.06 vs. 2.5 
± 0.07) than later ovulating cows. Primiparous cows 
produced more (P < 0.01) fat (1.7 ± 0.04 vs. 1.4 ± 
0.04 kg), and greater (P < 0.01) percentage of milk 
fat (4.2 ± 0.1 vs. 2.5 ± 0.1) and percentage of milk 
protein (3.1 ± 0.06 vs. 2.2 ± 0.07) than multiparous 
cows, respectively. As expected, multiparous cows pro-
duced more (P < 0.01) test-day milk than primiparous 
cows (57.5 ± 0.9 vs. 40.5 ± 0.8 kg). In addition, mean 
test-day milk, ECM, and 3.5% FCM yields were greater 
(P < 0.01) for cows calving during winter-spring than 
summer months.

Although 150-d and 305-d ECM did not differ be-
tween health status groups, mean daily milk yield dur-
ing the first 14 wk of lactation was greater (P = 0.03) 
in healthy than diseased cows (Table 3) and greater for 

cows calving during winter-spring than summer months 
(48.1 ± 0.6 vs. 43.0 ± 0.9 kg), respectively. Cows that 
ovulated earlier than d 33 tended (P = 0.09) to pro-
duce more 305-d ECM milk than later ovulating cows 
(12,279 ± 170 vs. 11,898 ± 158 kg, respectively). As 
expected, compared with primiparous cows, multipa-
rous cows produced more (P < 0.01) average daily milk 
(53.9 ± 0.7 vs. 37.2 ± 0.7 kg) during the first 14 wk of 
lactation and more (P < 0.01) 305-d ECM (13,229 ± 
167 vs. 10,948 ± 161 kg), respectively.

DISCUSSION

The present study characterized ovarian activity, 
metabolic and production traits, and activity-recorded 
physical traits of postpartum diseased and healthy 
dairy cows. Our first objective was to characterize how 
disease affects various metabolic measures. All meta-
bolic profiles assessed on d 0, 3, 7, and 14 validated 
the health status of cows in the present study. Elevated 
FFA, BHB, calcium, and haptoglobin were consis-
tent with cows diagnosed with periparturient disease. 
Concentrations of NEFA or FFA can serve as markers 
for negative energy balance (NEB), and are associ-
ated with incidence of clinical ketosis, and displaced 
abomasum (LeBlanc et al., 2005; Chapinal et al., 2011). 
Concentrations of BHB also are used as a marker for 
NEB and elevated concentrations of BHB associated 
with hyperketonemia have negative effects on milk 
production, early culling, and subsequent reproductive 
performance (Duffield et al., 2009). Hypocalcemia is 
associated with long-term effects of clinical diseases 
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Table 3. Calving difficulty, body condition, BW, and milk yield of healthy and diseased dairy cows (LSM ± 
SEM)

Item
Healthy 
(n = 92)

Disease1 
(n = 68) P-value

BCS at calving2 2.9 ± 0.05 2.8 ± 0.06 0.37
BCS at first AI 2.5 ± 0.04 2.4 ± 0.04 0.03
Change in BCS −0.4 ± 0.05 −0.5 ± 0.06 0.56
BW at calving (kg) 662 ± 6.5 670 ± 7.6 0.39
BW at first AI (kg) 619 ± 5.8 622 ± 6.8 0.68
Change in BW (kg) −43.3 ± 3.6 −48.1 ± 4.2 0.36
Test-day (51 to 94 DIM)      
  Milk (kg/d) 49.0 ± 0.8 49.1 ± 0.9 0.93
  Fat (kg/d) 1.5 ± 0.04 1.6 ± 0.04 0.35
  Fat (%) 3.3 ± 0.1 3.4 ± 0.1 0.48
  Protein (kg/d) 1.2 ± 0.01 1.2 ± 0.01 0.95
  Protein (%) 2.6 ± 0.06 2.7 ± 0.07 0.79
  3.5% FCM (kg/d) 47.1 ± 0.9 48.1 ± 1.0 0.43
  ECM (kg/d) 46.2 ± 0.8 47.1 ± 0.9 0.48
  SCC (× 1,000) 177 ± 39 127 ± 46 0.40
Mean first 14-wk milk (kg/d) 46.6 ± 0.7 44.5 ± 0.8 0.03
150-d ECM (kg) 44.2 ± 0.8 44.3 ± 0.9 0.94
305-d ECM (kg) 12,215 ± 150 11,931 ± 176 0.21
1Any case of diagnosed metritis, digestive disorders, ketosis, hypocalcemia, calving problems, mastitis, or lame-
ness during the first 60 DIM.
21 = thin; 5 = obese.
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(Venjakob et al., 2018). Plasma calcium concentration 
measured within 12 h of parturition, however, was a 
poor predictor of early lactation health outcomes be-
cause reduced calcium concentration in the immediate 
postpartum period was associated with greater milk 
production in multiparous cows (Neves et al., 2018). 
Therefore, in the present study, 3 of 4 samples collected 
for calcium analyses <2.2 mmol/L were the threshold 
for diagnosing hypocalcemia. During the transition 
period, metabolic changes affect immune function and 
increase susceptibility to postpartum diseases (Goff and 
Horst, 1997). Increased serum haptoglobin is observed 
in response to tissue damage, inflammation, infection, 
and bacterial components (Lomborg et al., 2008) and 
during 3 d before the onset of clinical signs of metritis 
(Huzzey et al., 2009).

Our second objective was to characterize how peri-
parturient disease affects physical traits including first 
postpartum ovulation and estrus of transition dairy 

cows. Resumption of ovulation after parturition is a 
coordinated process that involves recoupling of the 
growth hormone/IGF-1 axis in the liver, increase in fol-
licular development and steroidogenesis, and removal of 
negative feedback from estradiol in the hypothalamus 
(Santos et al., 2016). Furthermore, infectious diseases 
and metabolic disorders associated with extensive NEB 
during early lactation disrupt this pathway and can de-
lay first ovulation postpartum. Delayed resumption of 
ovulation is associated with dystocia, extensive NEB, 
and loss of body condition postpartum, as well as the 
occurrence of diseases during early lactation (Walsh et 
al., 2007; Ribeiro et al., 2013). Hormonal and metabolic 
environments imposed by such circumstances decrease 
the frequency of LH pulses (Schillo, 1992; Kadokawa et 
al., 2006). Moreover, the period after the NEB nadir 
when EB status is improving is related to a predictable 
onset of postpartum LH pulse frequency necessary to 
facilitate follicle maturation and first ovulation (Can-
field and Butler, 1990).

Although only 2 cows had prolonged anovulation 
that persisted until the beginning of the ovulation syn-
chronization period, more healthy than diseased cows 
ovulated early and before the postpartum median of 33 
d. Consistent with an almost 6-d average earlier ovula-
tion in healthy cows was the increased frequency of 
ovulation and a tendency for more periods of estrus 
before first AI, and more healthy cows bearing a corpus 
luteum at GnRH-1. The likelihood is small, but with 
once weekly sampling for progesterone determinations, 
a short-term increase in progesterone may have gone 
undetected.

Almost all lactating dairy cows undergo a period 
of NEB, metabolic stress, and loss of BCS and BW 
because of inadequate energy intake and mobilization 
of body reserves to meet energy requirements for lacto-
genesis (Drackley, 1999; Rutherford et al., 2016). Loss 
in percentage change in BW and BCS was greater in 
cows diagnosed with disease in the present study, sup-
porting the concept that postpartum health problems 
are associated with losses in BW, BCS, and extended 
anovulation (Santos et al., 2009, 2010; Gärtner et al., 
2019). Furthermore, pregnancy per AI at 70 DIM dif-
fered by BCS change between calving and d 21 post-
partum. Pregnancy per AI was least for cows that lost 
BCS (22.8%), intermediate for cows that maintained 
BCS (36.0%), and greatest for cows that gained BCS 
(78.3%; Carvalho et al., 2014).

Activity monitoring is the most commonly tested 
automated estrus detection system used commercially 
(Stevenson, 2014). Measured performances that corre-
late with visual observations indicate activity monitors 
provide accurate information for use in management of 
dairy cows (Borchers et al., 2016). In the present study, 
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Figure 5. Least squares means (±SEM) of BCS (upper panel) and 
percentage BW relative to the first postcalving BW (lower panel) dur-
ing the first 9 wk after calving for healthy (n = 92) and diseased (n = 
68) dairy cows. Diseased cows included any case of defined metritis, 
digestive disorders, ketosis, hypocalcemia, calving problems, mastitis, 
or lameness during the first 60 DIM.
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clear differences were observed in activities of cows be-
fore and after calving, which were associated with their 
postpartum health status. Cows classified as healthy 
after calving in our study had less inactivity during 2 
wk before and 3 wk after calving, and tended to have 
greater total daily activity after calving compared with 
diseased cows.

More recumbency and inactivity of diseased cows is 
consistent with their health status. Differences in the 
peak of inactivity for healthy and diseased cows were 
evident in our study and were similar in response to 
cows fitted with a different pastern-mounted activity 
monitor (Piñeiro et al., 2019). Multiparous lactating 
cows in the latter study, however, had increased lying 
time concomitant with increased postpartum health 
events, whereas primiparous cows spent more time 
standing during the transition period and showed a 
different behavioral response to sickness than multipa-
rous cows (Piñeiro et al., 2019). Our observations are 
consistent with the latter in which multiparous cows 
diagnosed with disease after calving were more inactive 
before calving than their healthy counterparts, whereas 
these differences were not detected in future primipa-
rous cows. Furthermore, prepartum NEFA had a posi-
tive quadratic association with prepartum lying time 
(Piñeiro et al., 2019).

Rumination duration decreased by 33% from the 
day before calving to d 0 and 1 (Clark et al., 2015), 
which is similar to the 22 to 25% decrease observed 
in the present study, but prepartum rumination time 
did not differ between cows with different health sta-
tuses. In contrast, rumination increased more quickly 
and peaked by d 6 to 9 compared with a later peak 
in diseased cows in our study. Observed postpartum 
rumination time is consistent with an earlier report of 
cows characterized by mild inflammatory conditions 
and without health disorders compared with cows with 
mild health disorders during the puerperium showing 
a greater average rumination time during the first 10 
DIM (Soriani et al., 2012). Prepartum days relative 
to calving, stillbirth, subclinical hypocalcemia, and 
retained fetal membranes were associated with daily 
rumination time, whereas postpartum daily rumina-
tion time was associated with days relative to calving, 
twinning, subclinical hypocalcemia, subclinical ketosis, 
and retained fetal membranes (Liboreiro et al., 2015). 
These experiments and the present study show the po-
tential to use rumination duration to predict the day 
of calving (Soriani et al., 2012; Pahl et al., 2014; Clark 
et al., 2015).

Subclinical hyperketonemia and uterine disease had 
a diminishing effect on rumen activity and BW but 
had no influence on milk yield (Gáspárdy et al., 2014). 
When complemented by the change of BW in the latter 

study, rumination time was a useful general indicator of 
health status and subclinical disease before the appear-
ance of clinical signs. Monitoring rumination time and 
physical activity seemed to be useful for specifically 
identifying cows with metabolic and digestive disorders 
during the early postpartum period (Stangaferro et al., 
2016a) and for identifying cows with clinical cases of 
mastitis caused by Escherichia coli and cases of mastitis 
concurrent with another health disorder (Stangaferro 
et al., 2016b). Furthermore, automated rumination 
and activity monitoring was effective for identifying 
cows with severe cases of metritis or cows with metritis 
and another health disorder, whereas the identifica-
tion of cows with mild cases of metritis was less ac-
curate (Stangaferro et al., 2016c). Finally, rumination 
time measured by automated activity monitors was 
positively associated with milk yield in early lactat-
ing dairy cows regardless of parity, whereas rumination 
time was negatively associated with milk fat composi-
tion and milk fat to protein ratios in multiparous cows 
(Kaufman et al., 2018).

Although visually observed feeding behavior and 
activity-monitored eating time are moderately corre-
lated when using the SensOor ear tags (Borchers et al., 
2016), eating times were underestimated by these same 
ear tag sensors used in the present study compared 
with previous visual observations (Grant and Albright, 
2000). Our observations are consistent with conclusions 
of another report (Zambelis et al., 2019) in which the 
same sensors showed promise for identifying feeding 
behaviors in general, but the independent classification 
of rumination and eating may require additional sensi-
tivity. Despite seemingly underestimating the absolute 
magnitude of eating time, healthy cows in our study 
tended to spend more time eating than diseased cows 
during the postpartum period. Although eating and 
rumination times did not differ by health status before 
calving, healthy cows ruminated more and tended to 
spend more time eating than diseased cows. A recent 
review concluded that monitoring chewing activity of 
dairy cows by low-cost sensors in commercial facilities 
can provide information that is helpful in management 
decisions, especially when combined with other criteria 
despite their somewhat variable accuracy and precision 
(Beauchemin, 2018). Relative differences in activity 
measures between healthy and diseased cows may be 
useful, even though absolute daily eating or rumination 
times may not be assessed accurately.

CONCLUSIONS

Disease status was associated with greater serum 
concentrations of FFA, BHB, and haptoglobin, greater 
rectal temperature, and lesser calcium on postpartum d 
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0, 3, 7, and 14. Rectal temperatures were greater on d 
3, 7, and 14 in diseased cows, whereas plasma glucose 
was not affected by disease status. Prebreeding weekly 
assessments of BCS tended to be greater whereas per-
centage BW was greater in healthy than diseased cows. 
Disease delayed first postpartum ovulation. Activity 
measures differed by health status during prepartum 
and postpartum periods except for eating time. Healthy 
cows were more active during both periods compared 
with diseased cows and had greater postpartum ru-
mination times. Acute changes in all activities were 
associated with calving and could serve as predictors 
of impending parturition based on abrupt decreases in 
rumination and acute increases in total activity.
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