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Abstract: Intramammary infections (mastitis) of dairy cows, along with other periparturient dis-
eases, have become problematic within the dairy industry as they lead to loss of milk production. 
The main objective of this study was to determine whether elevated somatic cell counts (SCC) in 
cows prior to drying off are related to the incidence of other periparturient diseases. Additionally, 
we determined whether milk composition and milk yield are affected by a high SCC prior to drying 
off. Somatic cell counts of milk samples were determined prior to dry off (n = 140) and were used to 
classify cows in the study as high (>200,000 cells/mL) or low (<200,000 cells/mL) SCC. The composi-
tion of milk was analyzed before drying off and at 1 and 2 weeks after calving. The results showed 
that an elevated SCC before drying off was related to the incidence of ketosis. Cows with a high 
SCC at drying off also showed an increased likelihood of retained placenta, metritis, and lameness 
postpartum; however, it was not statistically significant. Milk lactose was lower in cows with high 
SCC, while protein content was lower after parturition. Milk production was lower for cows with 
pre-drying elevated SCC, particularly for cows with retained placenta, ketosis, and mastitis. In con-
clusion, cows with pre-drying elevated SCC were more likely to develop disease after parturition 
and produce less milk and with lower lactose and protein content.  
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1. Introduction 
Intramammary infection (IMI) of dairy cows, known as mastitis, is defined as inflam-

mation of the mammary gland due to bacterial infection. Infection of the udder can cause 
subclinical mastitis or clinical mastitis. Clinical signs of an IMI include increased SCC, 
decreased milk yield, altered milk appearance and composition, as well as swelling, heat, 
and pain of the udder [1]. About 50% of cows in a dairy herd may have subclinical IMI 
[2]. A mastitis infection can lead to a production loss of $184 per cow, and up to $18,400 
per 100 cows [3]. Elevation of milk SCC is the most widely used and effective method for 
determining IMI in dairy cows. Somatic cells in milk consist of leukocytes, mainly macro-
phages and neutrophils [4]. It has been suggested that SCC in healthy mammary glands 
is less than 100,000 cells/mL and counts greater than that indicate presence of infection [5]. 
In Canada, the presence of an IMI is indicated when SCC exceeds 200,000 cells/mL [6]. 
Losses in milk production can be significantly affected by IMI within a dairy herd. The 
decrease in milk production during infection is the result of increased permeability of the 
blood-milk barrier, damage to the mammary tissue [7], and decreased lactose synthesis 
[8]. Additionally, the decline in milk production occurs during other diseases including 
uterine infections [9], retained placenta [10], ruminal acidosis [11], lameness [12], and ke-
tosis [13]. 

Milk composition also changes during an IMI. The decline in milk fat can be at-
tributed to neutrophils mistakenly engulfing milk fat globules during phagocytosis [14], 
and oxidation by lipase enzymes from leukocytes [8,14,15]. 

Lactose is the main carbohydrate of bovine milk and functions as an osmotic regula-
tor for milk volume. Lactose is synthesized from one galactose molecule, which is derived 
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from glucose absorbed from the blood, and one glucose molecule also absorbed from the 
blood [16]. The decrease in lactose in the milk may be related to a decrease in blood glu-
cose. Lactose concentrations decrease during IMI due to the greater gap between the tight 
junctions through which lactose enters the bloodstream, which has been confirmed by 
several authors [15].  

Mastitis has been associated with decreased synthesis of milk protein, including ca-
sein and whey proteins, including α-lactalbumin [8]. Conversely, the concentration of se-
rum albumin, immunoglobulins, and lactoferrin increases during IMI as a part of the im-
mune response [7,8,15].  

Pregnant lactating dairy cows enter a dry period when the mammary glands stop 
producing milk about 8 weeks before the next parturition. The dry period is beneficial for 
dairy cows to maximize milk production in the next lactation cycle [17]. However, the 
incidence of new IMI in dairy cows was found to be highest at the start of the dry period 
and before parturition [18]. Current dry treatment protocols, including the use of antibi-
otics and teat sealant, have been shown to lower the incidence rate of IMI during the dry 
period by 7.3% [19]. However, dairy cows undergo various metabolic changes as parturi-
tion approaches, associated with immunosuppression and increased susceptibility to per-
iparturient disease [20,21,22].   

Common periparturient diseases that occur in dairy cows postpartum include keto-
sis, retained placenta, metritis, mastitis, and lameness. Ketosis is characterized by an in-
crease in ketone bodies (e.g., β-hydroxybutyric acid) in the urine, blood, and milk [12]. 
Retained placenta is characterized by the inability to expel fetal membranes within 24 h 
of calving. Metritis is a bacterial infection of the uterus that results in inflammation of the 
uterine tract [23]. Lameness is characterized by inflammation of the corium and germinal 
layer accompanied with overt signs including abnormal gait and hoof problems [24]. 
Archer et al. [25] reported a negative relationship between SCC and locomotion scoring 
in cattle.  

Research conducted by our laboratory revealed that the SCC was elevated during the 
week of diagnosis of several periparturient diseases. The results showed a significant in-
crease in SCC during diagnosis of several periparturient diseases, but the SCC were 
within the normal ranges except for subclinical mastitis where SCC were >200,000 
cells/mL [26]. It has been suggested that bacterial endotoxins may play a role in the eti-
opathology of multiple periparturient diseases [27,28] and it has been reported that endo-
toxins can translocate from the mammary gland to the systemic circulation [29,30].  

We hypothesized that cows with high SCC prior to drying off may be more suscep-
tible to the incidence of various periparturient diseases; have changes in milk composition 
and produce less milk than their healthy counterparts. Therefore, the primary objectives 
of this study were to determine whether cows with a SCC higher than 200,000 cells/mL 
(indication of subclinical mammary infection) prior to dry-off are associated with a higher 
incidence of periparturient disease during the first 2 weeks after calving. In addition, the 
relationships between SCC and changes in milk composition prior to drying off and dur-
ing the first 2 weeks after parturition will be evaluated; and whether high SCC is related 
to lower milk production. 

2. Materials and Methods 
2.1. Animals and Experimental Design 

The study was conducted at 2 dairy farms located in Edmonton and Ponoka, Alberta, 
Canada. A total of 140 pregnant Holstein dairy cows consisting of 82 multiparous and 58 
primiparous were used for this study. The number of cows used per dairy farm was 104 
and 36 cows in Edmonton and Ponoka, respectively. The University of Alberta dairy farm 
in Edmonton uses a tie-stall system and the conventional farm in Ponoka uses a free-stall 
parlor system. All experimental procedures were approved by the University of Alberta’s 
Animal Care and Use Committee for Livestock. Proper care of each animal was followed 
in accordance with the guidelines of the [31].  
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The cows used in the study were randomly selected (heifers were excluded) and had 
to meet the following criteria: 1) pregnant and 2) entering the dry period. Each cow was 
sampled approximately one week prior to drying off, then resampled at 1 and 2 weeks 
postpartum. Milk samples were taken at all time points, and approximately 20 mL was 
transferred to a DHI (CanWest Dairy Herd Improvement, Canada) vial for laboratory 
analysis. The rest of the milk sample were stored for other analyzes at -20 °C. The 20 mL 
DHI milk vial was shipped to the Central Milk Testing Lab located in Edmonton, AB, 
Canada (CanWest DHI, Canada) and analyzed by mid-infrared spectroscopy (MilkoScan 
605; A/S Foss Electric, Hillerød, Denmark). Milk samples were analyzed for concentrations 
of fat, protein, lactose, milk urea nitrogen (MUN), total solids (TS), and somatic cell counts 
(SCC). The fat-to-protein ratios (FPR) were calculated by dividing total fat% by the total 
protein% per cow.  

Fecal scores were determined per fecal sample on a scale of 1 to 5 where a score of 1 
= diarrhea; 2 = appears runny and does not form a distinct pile 3 = optimal score, porridge-
like appearance, will stack up at 4-5 cm; 4 = manure is thicker and will stick to shoe, accu-
mulates up to more than 5 cm; 5 = solid fecal balls [32].  

Body condition scoring was performed for all animals at each sampling time point in 
accordance with the Elanco body condition scoring in dairy cattle on a scale of 1 to 5 at 
0.25-point intervals. Additional information including lactation, age, previous 305 days of 
milk yield, and date of the drying off were recorded. The duration of the drying period 
(days) was determined for each animal using DairyComp software (Lactanet, Guelph, 
ON, Canada). Estimated calving dates and actual calving dates were recorded and 
whether calving was earlier or later than the expected calving date were recorded. Daily 
milk weights (kg) were recorded up to the first 60 days in milk (DIM).  

2.2. Clinical Observations for Periparturient Disease, Grouping Based on SCC and Disease 
Diagnosis 

The health status of each cow was monitored daily for clinical signs of disease by 
trained staff members. All periparturient diseases and treatments were recorded during 
the experimental period. Breeding and culling records were recorded during the first 6 
weeks after calving. Animals were removed from the study if death/culling occurred dur-
ing the dry period or after calving where no samples could be obtained. External signs 
were observed including alertness, appetite, fecal consistency, and body condition score 
(BCS).  

Postpartum mastitis was determined by SCC being >200,000 cells/mL. Retained pla-
centa was diagnosed based on cows failing to expel fetal membranes within 24 h of calv-
ing. Metritis was assessed using vaginal mucus score by the Metricheck device (Simcro, 
New Zealand). The device was disinfected with Nolvasan (Zoetis, Kalamazoo, Michigan, 
United States) containing 2% chlorhexidine diacetate and ethanol. The cows were disin-
fected with a 16% iodine solution (Vetoquinol N.-A, Inc., Lavaltrie, Quebec, Canada), then 
Metricheck was inserted into the reproductive tract to obtain vaginal mucus. Mucus as-
sessment was performed according to Sheldon et al. (2006) where 0 = clear or translucent 
mucus; 1 = mucus containing flecks of white or whitish puss; 2 = discharge with ≤ 50% 
puss or whitish mucopurulent material; 3 = discharge containing ≥ 50% purulent material, 
typically white or yellow or bloody. Metritis was diagnosed when the mucus score was 3.  

Lameness was diagnosed using a locomotion scoring system following farm stand-
ard operating procedures [33]. Locomotion scoring was assessed according to the Zinpro 
guidelines (adopted from [33]) for evaluation of dairy cattle locomotion on a scale of 1 to 
5, where 1 = normal; 2 = slightly lame; 3 = moderately lame; 4 = lame; and 5 = severely 
lame.  

Diagnosis of ketosis was made using a KetoStix strip (Bayer Corp. Diagnostics Divi-
sion, Tarrytown, NY, US) which detected urinary acetoacetate (AcAc) and clinical signs 
such as loss of appetite, poor body condition, and treatment in accordance with standard 
farm operating procedures. The measurement of AcAc in urine was based on the color 
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intensity found on the KetoStix package and was scored using KetoStix strips in 5 catego-
ries where negative = 0 mmol/L; trace = 0.5 mmol/L; small = 1.5 mmol/L; moderate = 4 
mmol/L; Large = 8 mmol/L of AcAc. 

The experimental design for this study was a nested case-control design (Figure 1) in 
which SCC in the milk prior to drying was used to divide cows into two groups: 1) low 
SCC (< 200,000 cells/mL) and 2) elevated SCC (> 200,000 cells/mL). Cows were evaluated 
for the incidence of 5 periparturient diseases including mastitis, metritis, lameness, re-
tained placenta, and ketosis. The cows were diagnosed with mastitis according to the 
farm’s standard operating procedures.  

 
Figure 1. Flow diagram for the incidence rate of diseases for cows grouped based on somatic cell 
counts (SCC) in the milk obtain at prior to dry off (approximately 1 week before the ex-pected date 
of dry off). Cows with SCC <200,000 cells/mL were sorted into the Low SCC group, and cows with 
SCC >200,000 cells/mL were sorted into the High SCC group. After parturition, cows from each 
group were evaluated for each of the 5 diseases of interest (i.e. mastitis, metritis, ketosis, lameness, 
and retained placenta) with the total number of cows per each disease indicated in each box in the 
diagram. Healthy cows were identified if no incidence of disease occurred. *Note: Some cows diag-
nosed with more than one disease after parturition may have been counted more than once (i.e., the 
same cow could have been classified as retained placenta and metritis). 

For comparisons between groups for analysis, cows diagnosed with postpartum dis-
ease were labeled as low-disease (LD) and high-disease (HD) cows based on the SCC prior 
to drying and whether one of the 5 diseases was diagnosed (e.g., cow with >200,000 
cells/mL prior to drying off and diagnosed with metritis after parturition was considered 
a high-disease animal). Healthy cows were identified if their SCC were <200,000 cells/mL, 
with no incidence of disease during the experimental period. Healthy cows were used as 
a comparison with the diseased groups and were classified as a healthy group (HG).  

2.3. Statistical Analysis 
In this study, cows were blocked by the SCC in the milk that was determined prior 

to dry off and were assigned a low SCC group and a high SCC group. Cows with SCC < 
200,000 cells/mL were classified as low and cows with SCC > 200,000 cells/mL were clas-
sified as high. A further blocking was performed on the basis that the cows had been di-
agnosed with postpartum disease and were classified as LD and HD. The study is a nested 
case-control design in which cows were blocked into two groups based on the SCC deter-
mined prior to drying off, and then further blocked based on the diagnosis of peripartu-
rient disease. We performed a separate analysis for each disease.  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 1 September 2022                   doi:10.20944/preprints202209.0007.v1

https://doi.org/10.20944/preprints202209.0007.v1


 

 

Binary data for disease incidence were analyzed using the crosstabs function in Med-
Calc 18.2.1 software (Acacialaan, Ostend, Belgium). The odds ratio was calculated for the 
entire population using the crosstabs function to determine the likelihood of a high SCC 
cow’s incidence of post-partum disease compared to low SCC.  

The frequency for cows diagnosed with disease was calculated using the FREQ pro-
cedure in SAS 9.2 software (SAS Institute Inc., Cary, NC). The frequency was calculated 
for the number of cows diagnosed with disease with low SCC and high SCC, and free of 
disease (healthy group). Additionally, the frequency of cows with either single or multiple 
diseases after parturition was calculated. The percentages were calculated out of the total 
population (n=140). 

 For milk composition analysis, we selected 15 healthy low SCC cows throughout du-
ration of the study as the control to compare to each disease of interest and were catego-
rized into a healthy group (HG). The control group selection was based on similar BCS, 
fecal score, milk composition, dry period length, and was completely healthy throughout 
the study period. From each SCC group diagnosed with postpartum disease, we ran-
domly selected 7-8 cows from the low SCC group and classified as Low-Disease (LD), and 
7-8 from the high SCC group classified as High-Disease (HD). Animals selected from the 
diseased groups only had to be diagnosed with one disease during the study period (e.g., 
one cow was diagnosed with metritis but had only metritis and no other disease). How-
ever, in order to have a sufficient number of sick animals for comparison purposes, we 
had to select cows with less than 3 diseases. For the metritis group, all cows were only 
diagnosed with metritis during the experimental period. In the mastitis HD group, there 
were a total of 5 cows diagnosed with 2 diseases, and all other cows diagnosed with mas-
titis had only one disease. Regarding lameness, 5 out of 7 cows were diagnosed with 2 
diseases in the LD group, and 2 out of 7 cows were diagnosed with 2 diseases in the HD 
group and 2 cows were diagnosed with 3 diseases. Regarding ketosis, all cows in the LD 
group were diagnosed with only ketosis, while in the HD group, 4 out of 7 cows were 
diagnosed with 2 diseases. With retained placenta, 4 out of 7 cows in the LD group were 
diagnosed with 2 diseases, and in the HD group, 3 out of 7 cows were diagnosed with 2 
diseases, and 4 out of 6 cows were diagnosed with 3 diseases, but none with only retained 
placenta. Therefore, number of diseases per cow was taken into consideration when fitting 
the statistical model. The exception was the metritis group where all cows were diagnosed 
for just metritis during the study; therefore, the number of diseases was excluded from 
the statistical model for metritis.  

 Data on milk composition and milk production were analyzed with SAS 9.2. The 
normality of the data was first verified using the UNIVARIATE procedure for each group 
and variable; however, the data did not follow a normal distribution. We then used the 
GLIMMIX repeated measures procedure for non-normal distribution data. The farm and 
cow effect were considered a random effect in the model statement. The covariance struc-
ture was modeled according to the smaller Akaike information criterion (AIC) and the 
generated Bayesian information criterion (BIC) values. The health status effect was forced 
into the model statement because we wanted to determine if changes in milk composition 
and production differed between groups. Therefore, our main model was the following:  

Yijkl = μ + Hi + eijkl  

where μ = the overall population mean; Hi = the fixed effect of health status i (i = 1-3, 
healthy cows compared to LD and HD groups separately), and eijkl = the residual error. 
Additional model fixed effects for week, parity, and number of diseases were examined, 
along with their corresponding interactions for each milk component by disease group. A 
backward elimination from a saturated model was performed if the effect was not signif-
icant on the response variable. There was no significance in the 3- and 4-way interactions 
for all components of milk and FPR for disease, and they were removed from the statistical 
model. 

 For the analysis of milk production data, total milk production was calculated and 
compared with the previous 305 DIM productions between the groups. The data were 
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initially tested for normality using the UNIVARIATE procedure and it was found that 
they did not follow a normal distribution. All milk yield data was then analyzed using the 
GLIMMIX procedure. The total milk production model for the first 60 DIM included the 
effect of health status, previous production of 305 DIM, and the interaction between health 
status and previous production. The interaction effect was significant only for mastitis 
and was removed from the statistical model for metritis, retained placenta, ketosis, and 
lameness. The effect of previous production was significant for metritis, mastitis, and ke-
tosis and was therefore retained in the statistical model. Previous milk yield was not sig-
nificant for retained placenta and lameness and was therefore not included in the model. 
The mean and SEM for milk production during the 60 DIM was calculated for each group 
for each disease. For all data, significance was declared at P < 0.05 and tendency at 0.05 ≤ 
P ≤ 0.10.  

3. Results 
3.1. Frequency of Cows Diagnosed with Post-partum Disease 

The frequency for periparturient disease incidence for SCC groups, parity, and num-
ber of diseases is shown in Table 1 and Figure 1. The incidence of cows with single or 
multiple diseases is shown in Figure 2. Approximately 22.14% (n=31) of the total popula-
tion had no postpartum disease. Of the 22.14% healthy cows, roughly 17.14% (n=24) had 
a low SCC and was identified as a healthy cow, and 5.0% (n=7) a high SCC before drying.  

 
Figure 2. Flow chart of incidence rate of each of 5 periparturient diseases (i.e., mastitis, metritis, 
ketosis, lameness, retained placenta) in cows diagnosed with single disease (1 disease only), multi-
ple diseases (2 diseases or more) and no diseases. Note: Cows may have been diagnosed with one 
or more postpartum diseases (i.e., the same cow could have been classified as retained placenta and 
metritis). 

Mastitis was diagnosed in 29.29% (n=41) of the overall population, with 20.00% 
(n=28) having low SCC and 9.29% (n=13) having high SCC before drying; Mastitis alone 
was diagnosed in 7.86% (n=11), and 21.43% (n=30) had multiple diseases in addition to 
mastitis.  

Table 1. Frequencies of the incidence rate for cows diagnosed with periparturient disease between 
SCC groups and number of diseases. 

 SCC Group* Number of Diseases*4 
Disease Low1 High2 Total3 Single Multiple 
Metritis 38 (27.14) 21 (15.00) 59 (42.14) 17 (12.14) 42 (30.00) 

Retained Placenta 12 (8.57) 8 (5.71) 20 (14.29) 3 (2.14) 17 (12.14) 
Mastitis 28 (20.00) 13 (9.29) 41(29.29) 11 (7.86) 30 (21.43) 
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Ketosis 24 (17.14) 21 (15.00) 45 (32.14) 18 (12.86) 27 (19.29) 
Lameness 15 (10.71) 7 (5.00) 22 (15.71) 3 (2.14) 19 (13.57) 
Healthy 24 (17.14) 7 (5.00) 31 (22.14) - - 

1Low: SCC prior to dry off <200,000 cells/ml, percentage of total cows diagnosed with disease; 2High: 
SCC prior to dry off >200,000 cells/ml, percentage of total cows diagnosed with disease; 3Total cows 
diagnosed with disease and percentage of total population, 4Number of diseases: cows diagnosed 
with 1 disease (single) and > 2 diseases (multiple), exception are healthy cows which had no inci-
dence of disease. *Percentages (brackets) are calculated out of the total population (n=140). Note that 
cows were diagnosed with multiple diseases, and there is overlap within other disease groups, ex-
cept for SCC groupings and single disease (i.e. The same cow diagnosed with retained placenta and 
metritis is considered multiple). Therefore, sum of the percentages will not equal 100. 

 
The overall population diagnosed with metritis was 42.14% (n=59), with 27.14% 

(n=38) having a low SCC and 15.00% (n=21) with a high SCC before drying; 12.14% (n=17) 
were diagnosed with metritis alone, and 30.00% (n=42) were diagnosed with multiple dis-
eases, including metritis.  

Lameness was diagnosed in 15.71% (n=22) of the total population, with 10.71% (n=15) 
having low SCC and 5.00% (n=7) having high SCC prior to dry-off; 2.14% (n=3) were di-
agnosed with lameness alone, and 13.57% (n=19) were diagnosed with multiple diseases 
in addition to lameness.  

In the retained placenta, 14.29% (n=20) of the total population were diagnosed with 
the disease, with 8.57% (n=12) having low SCC and 5.71% (n=8) having high SCC before 
drying off. Only 2.14% (n=3) were diagnosed with retained placenta only and 12.14% 
(n=17) had multiple diseases in addition to retained placentas.  

For ketosis, 32.14% (n=45) of the total population were diagnosed with the disease, 
with 17.14% (n=24) having low SCC, 15.00% (n=21) having high SCC prior to dry-off; 
12.86% (n=18) were diagnosed with ketosis alone, and 19.29% (n=27) were diagnosed with 
multiple diseases, besides ketosis.  

3.2. Odds Ratio for the Incidence of Disease for Dairy Cows 
To determine whether cows with high SCC prior to being dried off were related to 

disease incidence, we calculated odds ratios for the likelihood that cows with high SCC 
versus low SCC before drying off will be diagnosed with postpartum disease of the total 
population (n=140). The data are presented in Table 2.  

Table 2. Comparisons of odd ratios between low SCC and high SCC cows that were diagnosed with 
post-partum disease. 

 Odds Ratio 
Disease Low1 95% CI2 High3 95% CI P-value 
Metritis 0.70 0.34 - 1.44 1.43 0.69 - 2.96 0.33 

Retained Placenta 0.64 0.24 - 1.71 1.56 0.59 - 4.13 0.38 
Mastitis 0.98 0.45 - 2.15 1.02 0.47 - 2.23 0.96 
Ketosis 0.38 0.18 - 0.80 2.66 1.26 - 5.65 0.01 

Lameness 0.96 0.36 - 2.57 1.31 0.39 - 2.76 0.94 

1Low: SCC prior to dry off < 200,000 cells/mL; 295% CI: 95% Wald confidence limits. 3High: SCC prior to dry off 
> 200,000 cells/mL. 

The overall data showed that cows with elevated SCC before dry-off were more likely 
to develop ketosis after calving (Table 2). Indeed, the likelihood that cows with a high SCC 
would develop ketosis was 166% (or 2.66 odds ratio) higher than cows with a low SCC (P 
= 0.01). Although the odds ratio for cows with elevated SCC before drying off and the 
incidence of metritis, retained placenta, and lameness were not statistically significant, 
cows with elevated SCC showed a higher risk of postpartum disease incidence. Cows with 
high SCC before drying off had a 43.0% (1.43), 56.0% (1.56), and 31.0% (1.31) increased 
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odds to be affected by metritis, retained placenta, and lameness, respectively. In compar-
ison to cows with low SCC prior to dry-off, the odds ratio was less than 1 for all 5 diseases 
indicating incidence of an event to occur is less likely due to SCC and other factors may 
be involved.  

 The likelihood of cows being diagnosed with postpartum mastitis was not statisti-
cally significant between groups, where both cows with low and high SCC before drying 
showed to have increased odds of 2.0%.  

3.3. Somatic Cell Counts  
Data on the composition of milk among cows of the healthy group (HG), LD, and HD 

cows for diseases prior to dry off as well as at 1 weeks and 2 weeks can be found in Tables 
3, 4, and 5, respectively (See also Graphs in Supplementary Material). Mean SCC (multi-
plied by 103 cells/mL) prior to dry off among all diseases showed that the HD group was 
significantly greater than the LD and HG (P < 0.01) (Table 3).  

Table 3. Alterations in milk composition (fat, protein, fat:protein ratio, milk urea nitrogen (MUN), 
total solids (TS), and somatic cell counts (SCC) one week prior to dry off in dairy cows diagnosed 
with postpartum disease. 

Disease Health Milk Composition prior to dry off 

 Status SCC 103 cells/ml Fat% Protein% FPR Lactose% MUN mg/dL TS% 

Metritis4 HG1 66.40 ± 17.07a 4.13 ± 0.56a 3.49 ± 0.09b 1.19 ± 0.1 4.46 ± 0.09a 12.71 ± 1.06 13.08 ± 0.58 

 LD2 15.10 ± 0.85a 4.79 ± 0.82ab 3.75 ± 0.12a 1.26 ± 0.22 4.47 ± 0.13a 12.23 ± 1.43 14.06 ± 0.82 

 HD3 509.00 ± 64.70b 6.52 ± 0.96b 3.75 ± 0.12a 1.73 ± 0.26 4.01 ± 0.12b 14.39 ± 1.55 15.10 ± 0.85 

 P-value <0.01 0.09 0.11 0.17 0.01 0.55 0.15 

Retained HG1 66.40 ± 28.99a 4.13 ± 0.36 3.40 ± 0.11a 1.19 ± 0.11 4.46 ± 0.09a 13.06 ± 0.99 13.08 ± 0.41 

Placenta5 LD2 47.29 ± 35.82a 4.59 ± 0.55 3.73 ± 0.14a 1.23 ± 0.16 4.47 ± 0.13a 14.49 ± 1.34 13.86 ± 0.63 

 HD3 851.86 ± 152.03b 4.77 ± 0.56 3.91 ± 0.18b 1.26 ± 0.16 4.06 ± 0.13b 13.24 ± 1.49 13.67 ± 0.62 

 P-value <0.01 0.57 0.06 0.93 0.05 0.65 0.52 

Mastitis6 HG1 66.40 ± 50.03a 4.13 ± 0.37 3.49 ± 0.07a 1.19 ± 0.11 4.46 ± 0.09a 12.71 ± 1.14 13.08 ± 0.41 

 LD2 74.63 ± 72.62a 3.89 ± 0.50 3.61 ± 0.10a 1.07 ± 0.15 4.61 ± 0.13a 13.10 ± 1.59 13.09 ± 0.56 

 HD3 1554.50 ± 331.44 4.28 ± 0.52 3.69 ± 0.10b 1.16 ± 0.15 4.07 ± 0.12b 12.46 ± 1.55 13.09 ± 0.56 

 P-value <0.01 0.86 0.24 0.82 0.01 0.96 1.0 

Lameness7 HG1 67.79 ± 10.51 a 4.25 ± 0.42 3.41 ± 0.10a 1.19 ± 0.12 4.37 ± 0.10 a 13.03 ± 1.05 13.21 ± 0.51 

 LD2 65.00 ± 14.56 a 3.78 ± 0.56 3.79 ± 0.14b 1.03 ± 0.16 4.54 ± 0.14a 14.05 ± 1.54 12.90 ± 0.71 

 HD3 351.29 ± 33.86 4.62 ± 0.62 4.10 ± 0.15c 1.15 ± 0.17 3.98 ± 0.13b 13.23 ± 1.50 13.55 ± 0.73 

 P-value <0.01 0.61 <0.01 0.73 0.01 0.85 0.82 

Ketosis8 HG1 66.40 ± 52.32 a 4.13 ± 0.39 3.49 ± 0.08 1.19 ± 0.12 4.46 ± 0.11a 12.71 ± 1.03 13.08 ± 0.46 

 LD2 98.13 ± 87.09 a 3.98 ± 0.53 3.55 ± 0.11 1.12 ± 0.16 4.43 ± 0.16a 11.07 ± 1.32 12.98 ± 0.62 

 HD3 1292.71 ± 337.92 4.87 ± 0.63 3.64 ± 0.12 1.33 ± 0.19 3.73 ± 0.1b 10.82 ± 1.39 13.2 ± 0.67 

 P-value <0.01 0.49 0.55 0.68 <0.01 0.47 0.96 

1Health group (n=15): cows that were low SCC and no incidence of disease throughout study period; 2Low-
disease: SCC < 200,000 cells/mL prior to dry off, 3High-disease: SCC > 200,000 cells/mL prior to dry off, 4Metritis: 
LD (n=8), HD (n=8); 5Retained placenta: LD (n=7), HD (n=7); 6Ketosis: LD (n=8), HD (n=7); 7Lameness: LD (n=7), 
HD (n=7); 8Mastitis: LD (n=8), HD (n=8); a-cNumbers with different superscripts with difference P < 0.05 

This was expected as we grouped cows prior to drying off based on the concentration 
of SCC in the milk. Comparison of 1 week means for retained placenta showed a tendency 
in the HD group with a mean of 1,359.86 ± 578.00, compared with 54.07 ± 78.73 and 41.57 
± 101.06 (P = 0.06) in the HG and LD group, respectively (Table 5). Similarly, at 2 weeks 
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cows in the HD group had a significantly higher SCC of 223.86 ± 73.47 compared to the 
LD and HG of 43.57 ± 32.41 and 37.58 ± 22.99, respectively (P = 0.02) (Table 5).  

Interestingly, cows with diagnosed mastitis showed a higher average of 939.37 ± 
411.81 in the LD group compared to the HD group of 666.50 ± 346.88 at 2 weeks postpar-
tum, although not statistically significant (P = 0.23) (Table 4). At 1 week, cows showed 
increased SCC in the LD group (1,993.63 ± 798.24) and the HD group (1,396.00 ± 667.96), 
compared to healthy cows (54.07 ± 96.00) (P = 0.15) (Table 4). The number of SCC in cows 
diagnosed with metritis, ketosis, and lameness was not significant at 1 week (P = 0.99; P = 
0.40; P = 0.47, respectively).  

Table 4. Alterations in milk composition (fat, protein, fat:protein ratio, milk urea nitrogen (MUN), 
total solids (TS), and somatic cell counts (SCC)) at 1 week after parturition in dairy cows diagnosed 
with post-partum disease. 

Disease Health Milk Composition at +1 weeks 

 Status SCC 103 cells/ml Fat% Protein% FPR Lactose% MUN mg/dL TS% 

Metritis4 HG1 54.07 ±10.80 4.56 ± 0.57  3.67 ± 0.07 1.25 ± 0.16 4.43 ± 0.05a 13.11 ± 0.61 13.86 ± 0.58 

 LD2 51.38 ± 14.42 4.50 ± 0.77  3.84 ± 0.10 1.19 ± 0.21 4.42 ± 0.06a 11.26 ± 0.77 13.96 ± 0.80 

 HD3 53.00 ± 14.65 5.49 ± 0.86  3.55 ± 0.10 1.57 ± 0.25 4.19 ± 0.06b 12.66 ± 0.82 14.74 ± 0.80 

 P-value 0.99 0.60 0.12 0.41 0.01 0.20 0.66 

Retained HG1 54.07 ± 78.73a 4.56 ± 0.49  3.81 ± 0.24 1.25 ± 0.15 4.44 ± 0.12a 14.09 ± 1.27 13.86 ± 0.50 

Placenta5 LD2 41.57 ± 101.06ab 4.80 ± 0.73  3.73 ± 0.28 1.29 ± 0.22 4.31 ± 0.18ab 14.72 ± 1.53 13.96 ± 0.74 

 HD3 1359.86 ± 578.00b 5.68 ± 0.79  3.78 ± 0.34 1.60 ± 0.24 3.96 ± 0.17a 12.28 ± 1.59 14.91 ± 0.76 

 P-value 0.06 0.46 0.97 0.42 0.10 0.57 0.49 

Mastitis6 HG1 54.07 ± 96.00 4.56 ± 0.49  3.67 ± 0.17 1.25 ± 0.13 4.44 ± 0.05a 13.11 ± 0.75 13.86 ± 0.48 

 LD2 1993.63 ± 798.24 4.54 ± 0.66  3.68 ± 0.23 1.24 ± 0.18 4.40 ± 0.07a 12.02 ± 1.00 13.87 ± 0.67 

 HD3 1396.00 ± 667.96 4.94 ± 0.69  4.04 ± 0.24 1.32 ± 0.19 4.15 ± 0.06b 12.15 ± 1.00 14.37 ± 0.67 

 P-value 0.15 0.89 0.42 0.94 <0.01 0.61 0.80 

Lameness7 HG1 47.86 ± 9.63 4.50 ± 0.42  3.70 ± 0.10a 1.25 ± 0.12 4.37 ± 0.05 13.46 ± 0.79 13.91 ± 0.48 

 LD2 62.57 ± 15.58 4.89 ± 0.72  3.87 ± 0.13a 1.04 ± 0.17 4.45 ± 0.06 12.03 ± 1.06 13.55 ± 0.67 

 HD3 69.29 ± 16.39 4.89 ± 0.67  3.29 ± 0.12b 1.28 ± 0.96 4.38 ± 0.06 13.19 ± 1.10 13.12 ± 0.66 

 P-value 0.47 0.85 <0.01 0.57 0.63 0.57 0.63 

Ketosis8 HG1 54.07 ± 12.39 4.65 ± 0.48  3.67 ± 0.08a 1.25 ± 0.12 4.44 ± 0.04 13.11 ± 0.79 13.86 ± 0.50 

 LD2 61.38 ± 18.08 4.03 ± 0.63  3.48 ± 0.10a 1.11 ± 0.16 4.43 ± 0.05 12.53 ± 1.06 13.03 ± 0.66 

 HD3 87.00 ± 23.01 4.28 ± 0.65  3.26 ± 0.11b 1.57 ± 0.20 4.33 ± 0.06 13.47 ± 1.17 14.99 ± 0.73 

 P-value 0.40 0.73 0.01 0.20 0.25 0.83 0.55 

1Health group (n=15): cows that were low SCC and no incidence of disease throughout study period; 2Low-dis-
ease: SCC < 200,000 cells/mL prior to dry off; 3High-disease: SCC > 200,000 cells/mL prior to dry off; 4Metritis: LD 
(n=8), HD (n=8); 5Retained placenta: LD (n=7), HD (n=7); 6Ketosis: LD (n=8), HD (n=7); 7Lameness: LD (n=7), HD 
(n=7); 8Mastitis: LD (n=8), HD (n=8); a-cNumbers with different superscripts with difference P < 0.05. 

 

3.4. Lactose 
Similar to the number of pre-drying SCC discussed in the previous section, lactose 

concentrations of pre-drying milk were found to be significantly lower (P < 0.05) in all 
disease groups, with the HD group having the lowest lactose concentration (Table 3; (See 
also Graphs in Supplementary Material). Cows diagnosed with metritis showed de-
creased lactose concentrations in the HD group at all three time points (P = 0.01). Compar-
ison of pre-drying means showed that the HD cows in the ketosis group had the lowest 
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lactose concentration of 3.73 ± 0.15 compared to the other HD groups of metritis, retained 
placenta, lameness, and mastitis showing similar means (Table 2-3). At 1 week, concen-
tration of lactose for the ketosis group showed that the HD group was still numerically 
lower than the concentrations for the HG and LD groups of cows (P = 0.25) and had a 
tendency at 2 weeks (P = 0.09) (Table 4 and 5, See also Supplementary Material). There 
was also a tendency in the HD retained placenta, where cows with high SCC had an av-
erage lactose concentration before drying of 3.96 ± 0.17 at 1 week compared to 4.31 ± 0.18 
and 4.44 ± 0.12 in the LD and HG groups (P = 0.10) (Table 3). At 2 weeks, there were no 
significant differences in lactose concentration for cows with retained placenta (P = 0.42) 
(Table 5). Cows in the mastitis group with high SCC before drying off had the lowest 
lactose concentration at all 3 time points where pre-drying time period and 1 week were 
significantly lower (P < 0.01) (Table 3). At 2 weeks, the HD group of mastitis cows showed 
a lower lactose concentration of 4.32 ± 0.12 compared to 4.60 ± 0.13 in the LD group and 
4.55 ± 0.10 in the HG, but the difference did not reach significance (P = 0.25) (Table 5). 
There were no significant differences in lactose concentration at 1 and 2 weeks in the lame-
ness group among the HG, LD, and HD cows, although the HD group consistently had 
the lowest mean. 

Table 5. Alterations in milk composition (fat, protein, fat:protein ratio, milk urea nitrogen (MUN), 
total solids (TS), and somatic cell counts (SCC)) at 2 weeks after parturition in dairy cows diag-
nosed with post-partum disease. 

Disease Health Milk Composition at +2 weeks 

 Status SCC 103 cells/ml Fat% Protein% FPR Lactose% MUN 

mg/dL 

TS% 

Metritis4 HG1 35.53 ± 8.49 3.38 ± 0.22  3.32 ± 0.06 1.02 ± 0.07a 4.58 ± 0.03a 12.67 ± 0.78 12.34 ± 0.23 

 LD2 22.63 ± 9.27 3.31 ± 0.30  3.36 ± 0.08 0.99 ± 0.09a 4.66 ± 0.05a 12.06 ± 1.04 12.37 ± 0.31  

 HD3 30.13 ± 10.70 3.94 ± 0.32  3.16 ± 0.08 1.25 ± 0.10b 4.45 ± 0.04b 13.12 ± 1.09 12.64 ± 0.32 

 P-value 0.64 0.26 0.17 0.10 0.01 0.78 0.73 

Retained HG1 37.58 ± 22.99a 3.44 ± 0.41 3.46 ± 0.12 1.02 ± 0.08 4.55 ± 0.09 12.77 ± 1.10 12.38 ± 0.49 

Placenta5 LD2 43.57 ± 32.41a 3.57 ± 0.55  3.37 ± 0.14 1.07 ± 0.13 4.50 ± 0.11 11.06 ± 1.12 12.45 ± 0.64 

 HD3 223.86 ± 73.47b 4.56 ± 0.62  3.09 ± 0.15 1.34 ± 0.14 4.36 ± 0.11 11.89 ± 1.44 13.34 ± 0.66 

 P-value 0.02 0.28 0.27 0.15 0.42 0.53 0.48 

Mastitis6 HG1 37.58 ± 67.26b 3.44 ± 0.35  3.33 ± 0.09 1.02 ± 0.10 4.55 ± 0.10 13.21 ± 1.00 12.38 ± 0.36 

 LD2 939.37 ± 411.81a 3.50 ± 0.43  3.31 ± 0.10 1.07 ± 0.14 4.60 ± 0.13 12.03 ± 1.17 12.55 ± 0.45 

 HD3 666.50 ± 346.88a 4.04 ± 0.46  3.30 ± 0.10 1.23 ± 0.15 4.32 ± 0.12 10.23 ± 1.08 12.77 ± 0.45 

 P-value 0.23 0.54 0.96 0.47 0.25 0.16 0.80 

Lame-

ness7 

HG1 34.29 ± 15.58 3.35 ± 0.26  3.38 ± 0.09a 1.02 ± 0.08 4.57 ± 0.03 12.66 ± 0.88 12.28 ± 0.28 

 LD2 91.29 ± 35.95 3.68 ± 0.45  3.39 ± 0.11a 0.98 ± 0.12 4.52 ± 0.05 11.80 ± 1.20 12.37 ± 0.40 

 HD3 58.71 ± 28.83 4.18 ± 0.42  2.93 ± 0.10b 1.31 ± 0.14 4.45 ± 0.05 12.96 ± 1.26 12.45 ± 0.40 

 P-value 0.28 0.27 <0.01 0.13 0.16 0.78 0.94 

Ketosis8 HG1 35.53 ± 9.04 3.33 ± 0.28  3.32 ± 0.07a 1.02 ± 0.10a 4.58 ± 0.04a 12.67 ± 0.79 12.34 ± 0.28 

 LD2 41.50 ± 13.38 3.31 ± 0.39  3.12 ± 0.10b 1.21 ± 0.15a 4.55 ± 0.05a 11.16 ± 1.01 12.49 ± 0.39 

 HD3 44.43 ± 14.80 3.91 ± 0.42  2.80 ± 0.10c 1.71 ± 0.19b 4.42 ± 0.05b 11.96 ± 1.12 13.11 ± 0.43 

 P-value 0.85 0.46 <0.01 <0.01 0.09 0.52 0.32 

1Health group (n=15): cows that were low SCC and no incidence of disease throughout study period; 2Low-dis-
ease: SCC < 200,000 cells/mL prior to dry off; 3High-disease: SCC > 200,000 cells/mL prior to dry off, 4Metritis: LD 
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(n=8), HD (n=8); 5Retained placenta: LD (n=7), HD (n=7); 6Ketosis: LD (n=8), HD (n=7); 7Lameness: LD (n=7), HD 
(n=7); 8Mastitis: LD (n=8), HD (n=8); a-cNumbers with different superscripts with difference P < 0.05. 

 

3.5. Protein 
 Comparisons of mean milk protein concentrations were significant at all 3 time 

points for lameness (P < 0.01). Protein concentrations for lameness were found to be sig-
nificant at all 3 time points (P < 0.01) (Table 3, 4, 5; See also Graphs in Supplementary 
Material). Interestingly, the HD group had the highest mean protein concentration before 
drying off (4.10 ± 0.15), while the HG and LD groups were lower (3.41 ± 0.10 and 3.79 ± 
0.14) (Table 3). After parturition, protein concentration decreased in the HD group com-
pared to HG and LD (3.29 ± 0.12 vs. 3.70 ± 0.10 vs. 3.87 ± 0.13) (Table 2-4), and further 
decreased at 2 weeks for the HD group (2.93 ± 0.10 vs. 3.38 ± 0.09 vs. 3.39 ± 0.11) (Table 5).  

Similar to lameness, cows with a diagnosed retained placenta in the HD group 
showed a tendency at prior to dry-off and had a higher mean protein concentration com-
pared to LD and HG cows (3.91 ± 0.18 vs. 3.73 ± 0.14 vs. 3.40 ± 0.11) (Table 3). At 1 week, 
the mean protein concentration was comparable across all 3 groups (P = 0.97) (Table 4), 
while at 2 weeks the HD group had the lowest numerical mean protein concentration (3.09 
± 0.15) but not significant (P = 0.27) (Table 5).  

Ketosis showed no significant differences in the mean protein concentration among 
the groups prior to dry off (P = 0.55) (Table 3). However, the HD group showed higher 
mean protein concentrations before drying off of 3.64 ± 0.12 compared to the healthy 
group of 3.49 ± 0.08 and the LD group of 3.55 ± 0.11 (Table 3). At 1 week, the HD group 
showed a significantly lower mean protein concentration (3.26 ± 0.11) (Table 4) and con-
tinued to decrease at 2 weeks (2.80 ± 0.10) (P < 0.01) (Table 5).  

There was no statistical significance for milk protein concentration for metritis and 
mastitis for all 3 time points.    

3.6. Fat, Fat to Protein Ratio, Milk Urea Nitrogen, and Total Solids 
The mean concentrations of fat, FPR, MUN, and TS are shown in Table 3, 4, and 5. 

The overall fat concentration in the metritis group prior to dry off showed a tendency with 
the HD group having the highest mean fat concentration of 6.52 ± 0.96 compared to the 
HG and LD groups of 4.13 ± 0.56 and 4.79 ± 0.82, respectively (P = 0.09) (Table 3). Mean fat 
concentrations did not show statistical significance at 1 (P = 0.60) and 2 weeks (P = 0.26) 
for the metritis group (Table 4 and 5, respectively).  

Fat content was not different between the three groups among retained placenta, ke-
tosis, lameness, and mastitis for all 3 time points. The FPR showed no statistical signifi-
cance, except for the ketosis group at 2 weeks (P < 0.01), where the HD group showed the 
highest FPR of 1.71 ± 0.19 compared to the HG and LD groups of 1.02 ± 0.10 and 1.21 ± 
0.15, respectively (Table 5). Furthermore, MUN and TS concentrations were not significant 
between the groups for all diseases analyzed for each of the sampling times.  

3.7. Milk Production 
Milk production data (kg) are presented as total yield for 60 DIM in Table 6. Overall 

comparisons of average total milk production showed that cows in the HD group had 
lower milk production than those in the LD and HG groups. Pre-drying high SCC diag-
nosed with retained placenta had an average total milk yield of 2,042.99 ± 216.57 compared 
to low SCC cows of 2,285.54 ± 216.57 and HG of 2,716.81 ± 153.14 (P = 0.04).  

Cows in the HD group diagnosed with mastitis had a mean total yield of 1,970.88 ± 
177.47 compared to the LD group of 2,652.61 ± 158.63 and the HG of 2,742.51 ± 122.88 (P < 
0.01). The effect of previous 305 DIM yields as well as the interaction between health status 
and previous yield showed significance for mastitis (P < 0.01). The high SCC cows diag-
nosed with ketosis had a mean yield of 2,301.81 ± 152.20 compared to the LD group of 
2,672.33 ± 139.34 and the HG of 2,789.97 ± 107.43 (P = 0.05).  
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Table 6. Total milk yields comparison for 60 days in milk (DIM) among diseases and between 
healthy, low-disease, and high-disease groups. 

 Mean total yield for 60 days in milk (DIM, kg) P-value 
Disease HG1 LD2 HD3 HS4 PY5 HS x PY6 

Metritis 2748.21± 68.90 2748.07 ± 89.65 2683.27 ± 93.00 0.84 0.02 NS7 

Retained pla-
centa 

2716.81 ± 
153.14 

2285.54 ± 216.57 2042.99 ± 216.57 0.04 NS NS 

Mastitis 
2742.51 ± 

122.88 
2652.61 ± 158.63 1970.88 ± 177.47 <0.01 <0.01 0.01 

Lameness 2716.81± 86.85 2633.04 ± 122.83 2528.36 ± 122.83 0.46 NS NS 

Ketosis 
2789.97 ± 

107.43 
2672.33 ± 139.34 2301.81 ± 152.20 0.05 <0.01 NS 

1Healthy group (n=15): cows that were low SCC and no incidence of disease throughout study period; 2Low-
disease: SCC < 200,000 cells/mL prior to dry off; 3High-disease: SCC > 200,000 cells/mL prior to dry off; 4HS = 
effect of health status; 5PY = effect of previous yield for 305 DIM; 6HS x PY = effect of health status and previous 
yield; 7NS = no significance; variable showed no significance in the statistical model and was removed. 

Table 7. Milk yield differences between groups for each disease for daily yield and total yield for 
60 DIM per cow and for 100 cows. 

  Disease 

 Group Metritis Mastitis Retained placenta Ketosis Lameness 

Difference in total milk 

yield for 60 DIM per cow 

(kg/60d)4 

LD1 vs. HG2 -0.14 -89.90 -431.27 -117.64 -83.77 

HD3 vs. HG -64.49 -771.63 -673.82 -488.16 -188.45 

HD vs. LD -64.80 -681.73 -242.55 -370.52 -104.68 

Difference in daily milk 

yield per cow (kg/d)5 

LD vs. HG -0.0023 -1.50 -7.19 -1.96 -1.40 

HD vs. HG -1.07 -12.86 -11.23 -8.14 -3.14 

HD vs. LD -1.08 -11.36 -4.04 -6.18 -1.74 

Difference in daily milk 

yield per 100 cows (kg/d)6 

LD vs. HG -0.23 -150 -719.00 -196 -140 

HD vs. HG -107 -1,286 -1,123 -814 -314 

HD vs. LD -108 -1,136 -404 -618 -174 

Difference in total milk 

yield for 60 DIM per 100 

cows (kg/60d) 7 

LD vs. HG -13.80 -9,000 -43,140 -11,760 -8,400 

HD vs. HG -6,420 -77,160 -67,380 -48,840 -18,840 

HD vs. LD -6,480 -68,160 -24,240 -37,080 -10,440 

1Low-disease: SCC < 200,000 cells/mL prior to dry off; 2High-disease: SCC > 200,000 cells/mL prior to dry off; 
3Healthy group (n=15): cows that were low SCC and no incidence of disease throughout study period; 4Subtrac  
tion of total yield from Table 2-6 for LD and HD, respectively from HG group to get difference in total milk yield  
for 60 DIM per cow; Negative values indicate how much less LD and HD are producing compared to healthy, 
and how much less HD are producing compared to LD; 5Values calculated by dividing difference in total yield 
by 60 days in milk (DIM); 6Values calculated by multiplying daily yield by 100 to determine loss per day per 100 
cows; 7Values calculated by multiplying daily yield per 100 cows by 60 to give total milk losses for 60 DIM per 
100 cows. 
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The effect of previous 305-DIM yields was also significant for ketosis (P < 0.01). The 
HD lameness group had a mean yield of 2,528.36 ± 122.83 compared to the LD group of 
2,633.04 ± 122.83 and HG of 2,716.81 ± 86.85 but was not statistically significant (P = 0.46). 
Comparisons of means between total milk yields for metritis were not statistically signif-
icant (P = 0.84), however, the HD group had a lower mean yield (2,683.27 ± 93.00) com-
pared to the LD group (2,748.07 ± 89.65) and healthy cows (2,748.21 ± 68.90). The effect of 
previous 305 DIM yield was significant on total post calving yield (P = 0.02).   

The differences in milk yields between HG, LD, and HD groups by disease can be 
found in Table 7. Differences in daily milk production showed that HD cows would pro-
duce less milk than LD and HG cows. Daily milk loss per cow with a high SCC relative to 
healthy cows can be 1.07, 12.86, 11.23, 8.14, and 3.14 when diagnosed with metritis, mas-
titis, retained placenta, ketosis, and lameness.  

Similarly, HD versus LD milk data showed that daily decline in milk from cows with 
elevated SCC prior to dry-off, diagnosed with disease, to be 1.08, 11.36, 4.04, 6.18, and 1.74 
for metritis, mastitis, retained placenta, ketosis and lameness, respectively.  

4. Discussion 
We hypothesized that high SCC in the milk of dairy cow prior to drying off is linked 

to a higher incidence of postpartum disease, as well as changes in milk composition and 
milk yield. Cows with high SCC did, in fact, have a higher incidence of periparturient 
diseases, most notably ketosis. For all diseases studied, milk composition analysis re-
vealed that cows with high SCC had lower concentration of lactose prior to dry off. Con-
centrations of protein in the milk were also higher in the HD group prior to dry off, de-
creasing in the first week after parturition and even more in the second week of lactation. 
The number of somatic cells in the milk after parturition was higher in the HD group for 
cows with retained placenta. In mastitis cows, on the other hand, the LD group had higher 
SCC after parturition than the HD group. For diseases such as mastitis, retained placenta, 
and ketosis, milk yield was lower in the HD group. 

4.1. Relation of SCC to Incidence of Periparturient Diseases 
To the best of our knowledge, this is the first study to show an association between 

high SCC before drying off and the incidence of peripartum disease in dairy cows. The 
most intriguing finding from this study was that ketosis was more common in cows with 
high SCC before drying off. In fact, a cow with high SCC before drying off was 166% more 
likely than a cow with low SCC to develop ketosis in the first two weeks after parturition. 
High SCC in milk indicates subclinical mastitis. A possible explanation for cows with high 
SCC before drying off being more prone to ketosis or other periparturient diseases could 
be systemic endotoxemia during dry period. This hypothesis is based on the suggestion 
by Eckel and Ametaj [28] that there are three sources of bacterial endotoxins in dairy cows: 
mammary gland, reproductive tract, and rumen. In fact, the mammary gland is the only 
source of endotoxin during the dry period. The rumen and uterus are only sources of 
endotoxins after calving, when the uterus can become infected with pathogenic bacteria 
causing metritis immediately after calving, while grain feeding after parturition is associ-
ated to the release of large quantities of endotoxins in the rumen. We hypothesize that 
endotoxin is translocated from the mammary gland into the systemic circulation of cows 
with high SCC due to infection but also due to antibiotic treatment at drying off. This 
suggests that while the antibiotic kills the pathogenic bacteria in the mammary gland, the 
endotoxin released by the dead bacteria escapes into the systemic circulation and triggers 
a systemic inflammatory response. In fact, our laboratory [34] reported that cows with 
postpartum ketosis had higher serum BHBA concentrations 4 weeks before calving. We 
also showed that blood concentrations of tumor necrosis factor alpha (TNF-α), haptoglo-
bin (Hp), and interleukin-6 (IL-6) were higher in preketotic cows 4 weeks before calving 
and during disease diagnosis than in healthy controls at the start of ketosis (1-3 weeks 
after birth). Additionally, [35] confirmed those findings in ketotic cows, demonstrating 
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increased blood concentrations of LPS prepartum and of serum amyloid A (SAA), Hp, 
and lipopolysaccharide binding protein (LBP) postpartum versus healthy controls. 

Previous research on both natural and experimentally induced mastitis, in which LPS 
concentrations were observed in the plasma of dairy cows with mastitis, support the pos-
sibility of mammary gland endotoxin entering the systemic circulation [29,30]. A study 
from our laboratory [36] showed that 10 days before calving, blood levels of beta-hydroxy-
butyric acid (BHBA) increased after parenteral treatment with LPS at increasing doses 
around parturition. High levels of BHBA are known to be associated with ketosis in dairy 
cows [37]. In another study [34], we showed increases in serum BHBA in preketotic cows 
4 weeks before calving, suggesting that endotoxin insults could potentially contribute to 
increased BHBA. Beta-hydroxybutyric acid has been shown to inhibit NLRP3 macrophage 
inflammasome activation. When the NLRP3 inflammasome is activated, pro-inflamma-
tory cytokines such as TNF-α, IL-1, IL-6 and acute phase proteins are released [38]. Con-
sequently, the susceptibility to ketosis of cows with an elevated SCC could be attributed, 
inter alia, to the translocation of endotoxin into the systemic circulation before drying off 
and during the dry period, contributing to an increase in ketone bodies during the dry 
period to control the inflammatory response. 

Odds ratio data showed that in cows with elevated SCC before drying off, the likeli-
hoods of metritis, retained placenta, and lameness were increased by 43%, 56% and 31%, 
respectively. However, p-values were not statistically significant, implying that other fac-
tors may contribute to the incidence of postpartum disease. For example, abortion, twins, 
dystocia, and short gestation have been associated with retained placenta. Since some of 
the cows in this study suffered from multiple periparturient diseases, it makes sense that 
cows with retained placenta are also more prone to metritis. The occurrence of metritis 
can also be influenced by bacterial infection of the uterus after calving [23]. Postpartum 
grain feeding has been strongly associated with an increased incidence of lameness [39]. 
Elevated SCC prior to drying off (i.e., subclinical mastitis) may play a role in the eti-
opathology of metritis, retained placenta, and lameness, possibly through translocation of 
bacterial endotoxins from mammary glands with elevated SCC; however, more research 
is needed on this topic. 

Bacterial endotoxins and inflammatory cytokines, released from the mammary gland 
of cows with elevated SCC into the systemic circulation, may contribute or increase the 
likelihood of these three periparturient diseases. Systemic and local administrations of 
LPS resulted in lesions in the corium and epidermis of the hoof region, implicating a role 
of endotoxin in the pathogenesis of lameness [24]. In addition, intermittent and increasing 
doses of LPS over 3 weeks before calving are associated with an increased risk of retained 
placenta [36]. Exposure of neutrophils to LPS can induce LPS tolerance, leading to de-
creased expression of TLR4 and compromised host immune response [40]. Tolerance to 
LPS may explain why cows with high SCC were 56% more likely to retain the placenta. 

The reproductive tract, along with the mammary gland and rumen of dairy cows, 
has been suggested as a source of endotoxin by [28]. Conversely, mammary gland infec-
tions can affect the reproductive tract in dairy cows. For example, induction of mastitis in 
cows with Escherichia coli (E. coli) LPS, has been shown to decrease follicular estrogen, 
androstenedione, and progesterone by 40%, 13%, and 35%, respectively [41]. The latter 
authors also found a 56% reduction in circulating concentrations of estrogen in mastitis 
induced by Staphylococcus aureus (S. aureus). Furthermore, systemic endotoxin can impair 
the release of hormones from the hypothalamus and pituitary gland. Battagila et al. [42] 
demonstrated this in ewes by slowing or blocking luteinizing hormone and follicular-
stimulating hormone surges, which interfere with the pre-ovulatory increase in estrogen. 
Similarly, in dairy cows, this type of delayed response can lead to poor reproductive per-
formance. Therefore, cows with high SCC and increased risk of metritis may also have 
poor reproductive performance. 

Additionally, previous research by our team found changes in innate immune reac-
tants from 8 and 4 weeks prior to parturition in cows with retained placenta, metritis, 
lameness, ketosis, and mastitis [10,26,34,43,44]. Results from previous studies indicate that 
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dairy cows prior to calving are in a low-grade chronic inflammatory state starting as early 
as 2 months prior to parturition. Although we did not analyze changes in innate immune 
reactants prior to cows drying off, it is hypothesized that cows with elevated SCC experi-
ence an inflammatory state at the end of the lactation cycle and during the dry period. The 
odds ratios for the incidence of mastitis for the LD and HD groups were 0.98 and 1.02, 
respectively, suggesting other factors may predispose cows to post-partum mastitis. These 
could include the inefficiency of the dry cow therapeutic treatment, insufficient sealant 
secretion in the teat canal, or sealant before depletion prior to calving [19]. 

4.2. Alterations in milk composition 
Cows who had high SCC before being diagnosed with post-partum disease had sig-

nificantly higher SCC in their milk postpartum. Significant differences in SCC between 
groups and diseases were expected. The HD group that was diagnosed with retained pla-
centa after parturition had elevated SCC after calving. In comparison, the SCC after par-
turition in the LD group remained <200,000 cells/mL. Previously, elevated SCC were ob-
served in cows diagnosed with retained placenta during the diagnosis week, however, the 
SCC were within the normal range [10]. The cows in the current study had a significantly 
higher SCC for the HD group at 1 week after calving, which was the week of diagnosis of 
retained placenta. At 2 weeks postpartum, the SCC was slightly higher than the subclini-
cal mastitis cut off value. The possible reason for the high SCC in all three time periods 
measured in the retained placenta group could be attributed to the number of diseases the 
cows were experiencing when diagnosed with retained placenta. The effect of the number 
of diseases (multiple diseases) was taken into account when modeling SCC for retained 
placenta, but this effect was not significant, suggesting that other factors may contribute 
to the increase of SCC after parturition in cows with retained placenta. 

 The number of somatic cells in the mastitis group increased after parturition in the 
LD and HD groups. The LD group may have had a new IMI during the dry off period, 
leading to increased SCC in milk after parturition. According to [19], 95% of all new IMI 
occur between 2 and 3 weeks before calving. The incidence of IMI has been reported to be 
highest at the start of the dry off period and towards the end of the pregnancy [45]. Fur-
thermore, the type of bacterial strain could be a factor in low SCC cows becoming sick or 
high SCC cows still having a high incidence of mastitis after drying off. For example, bac-
terial infection by S. aureus has been found to be more frequent at the start of lactation 
[46]. Moreover, the host immune response to S. aureus infections has been reported to be 
weaker (Bannerman et al., 2004). The slow response could be attributed to S. aureus biofilm 
formation, which protects the pathogen from neutrophil phagocytosis [47]. It would be 
interesting to perform an analysis of the bacterial strains of the milk microbiota in cows 
with low and high SCC in order to determine the type of pathogens that can cause masti-
tis.  

Cows in the HD group prepartum who were diagnosed with lameness, ketosis, or 
metritis after parturition had normal SCC in the milk postpartum. It has previously been 
shown that cows diagnosed with metritis, ketosis, and lameness have a higher SCC during 
disease diagnosis than healthy cows; however, the number of SCC was within the normal 
range, below 200,000 cells/mL, which is consistent with the current study [34,43,44]. Sev-
eral authors have suggested that the decrease in milk SCC for the HD group may be due 
to the sensation of pain associated with hoof inflammation, and that cows may be standing 
more than lying down, as the lying position is extremely painful for lame cows [48]. How-
ever, this remains controversial. Archer et al. [25] attempted to find an association be-
tween milk SCC and lameness. Those authors showed that lame cows had lower SCC than 
non-lame cows and concluded that lame cows spend more time standing than lying down, 
reducing mammary gland exposure to bedding bacteria [25].  

In all diseases, lowered lactose concentrations in the milk were observed in the HD 
group. The mammary gland consists of a network of alveoli that are lined with mammary 
epithelial cells (MECs) that secrete milk and are connected by tight junctions to prevent 
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milk from entering into the systemic circulation [49]. During infections, an influx of leu-
kocytes into the mammary gland to remove pathogens causes an increase in the gap be-
tween the epithelial cells [15,50]. The wider gap allows lactose to escape into the systemic 
circulation, which is supported by several authors who have observed increases in lactose 
concentrations in the blood and urine of cows with mastitis [15,50]. Other factors that may 
contribute to the degradation of lactose in milk include the ability of some bacterial sero-
types to use lactose for their needs [15], as well as physical damage to the MECs, resulting 
in reduced lactose synthesis. Furthermore, lactose acts as the primary osmotic regulator 
for milk synthesis [8], so if lactose concentrations in milk decrease, milk production will 
also decrease in cows with a high SCC. In addition, pro-inflammatory cytokines, as well 
as pathogens and their associated endotoxins, are believed to play a role in lactose syn-
thesis. TNF-α, a potent pro-inflammatory cytokine, has been shown to influence the lac-
tose secretion pathway by downregulating lactose synthesis-related genes such as α-lac-
talbumin gene and the degradation glucose transporter-1 (GLUT1) from the basolateral 
membrane [51]. As a result, the decrease in lactose in cows with high SCC can be at-
tributed to an increase in inflammatory mediators during infection, as well as the sup-
pression of genes involved in lactose synthesis.  

Moreover, we identified changes in milk protein concentrations for lameness over all 
time periods, ketosis in the first and second weeks after calving, and retained placenta 
that had a tendency prior to dry off period. Interestingly, for all diseases studied, concen-
trations of protein in the milk, in the HD group were higher before dry-off and lowered 
after calving. During a mammary gland infection, the influx of blood-borne proteins, such 
as serum albumin and immunoglobulins, increases during a mammary gland infection, 
due to the immune response [7,8,15]. A study using proteomics in bovine milk from mas-
titis cows identified proteins involved in the immune response, including lactoferrin, 
transferrin, fibrinogen, apolipoprotein A1, glycosylation-dependent cell adhesion mole-
cule-1, peptidoglycan recognition proteins, as well as cathelicidin-1 [52]. Furthermore, lac-
toferrin (an iron-binding protein) has been reported to increase nearly 100-fold during the 
involution phase of the dry period to prevent iron utilization by iron-consuming bacteria. 
Lameness has previously been shown to be associated with a decrease in both milk protein 
and milk fat. 

Additionally, key milk proteins have been shown to decrease during infection, in-
cluding casein and whey proteins such as α-lactalbumin and β-lactoglobulin. The decrease 
in milk proteins can be caused by bacterial proteinases, leakage of proteins from the mam-
mary gland, and a decrease in synthesis due to damage to the MECs [8]. Furthermore, 
secretion of TNF-α in rats has been shown to suppress both transcriptional and posttran-
scriptional gene expression for β-casein [53]. Under normal conditions, TNF-α is im-
portant for the proliferation and differentiation of MECs in the mammary glands of rats 
[54]. In dairy cows, the increase in TNF-α along with other pro-inflammatory cytokines is 
important for the host’s immune response to infection and can therefore inhibit the ex-
pression of milk proteins. 

Strong associations between milk protein concentration and energy balance have 
been shown, with low milk protein content reflecting negative energy balance (NEB) and 
poor reproductive performance [55]. A negative energy balance is strongly associated 
with ketosis, especially during early lactation when the energy demand for milk produc-
tion is high [56]. We observed a reduction in milk protein after calving in cows diagnosed 
with ketosis, with the HD group showing the lowest concentration. The decrease in milk 
protein suggests that cows suffer NEB and have insufficient feed intake. Additionally, 
neutrophil granules contain both enzymes and antibacterial peptides which are important 
for killing bacteria during infection but can also change milk protein synthesis during in-
fection [57]. 

Additionally, endotoxins or pro-inflammatory cytokines translocated from the mam-
mary gland of cows with high SCC cows during the dry period may play a role in NEB 
and indirectly contribute to low milk protein, leading to the development of ketosis. Sys-
temic circulation of pro-inflammatory cytokines triggers the expression of acute phase 
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proteins from the liver [58]. Reports from LPS-induced mastitis models have shown in-
duction of transcriptome response by the liver and increased expression of acute phase 
protein-related genes [59]. Zhang et al. (2016) observed an upregulation of TNF-α and se-
rum amyloid A in ketotic cows during the week of disease diagnosis and 8 and 4 weeks 
before calving. The current study has confirmed that the onset of ketosis is significantly 
associated with high SCC before drying off, and decreased milk protein concentration in 
the HD group, further supporting this hypothesis.  

In the present study, there was a difference in the FPR in the HD group diagnosed 
with ketosis 2 weeks after calving. The FPR has been proposed as an indicator for the 
diagnosis of cows in ketosis [60]. Several authors have proposed different threshold val-
ues to diagnose ketosis using FPR values. Heuer et al. [60] found that cows with an FPR 
of > 1.5 had an increased risk of clinical ketosis. The same authors also reported that at 
that cut-off there was a higher incidence of other post-partum diseases, including dis-
placed abomasum, ovarian cysts, lameness, and mastitis [60]. Other researchers have re-
ported an increased incidence of retained placenta, displaced abomasum, metritis, endo-
metritis, and risk of culling at an FPR > 2.0 at 7 DIM [61]. Cows in the HD group diagnosed 
with ketosis in our study had higher FPR before drying off (1.33 ± 0.19), 1 week (1.57 ± 
0.20) and at 2 weeks (1.71 ± 0.19) after parturition compared to cows from the HG and LD 
groups, further showing that cows with high SCC before drying off are more prone to 
onset of ketosis. 

Changes in milk fat content showed no differences between the groups for 4 diseases, 
while cows with metritis tended to have higher milk fat content before drying off. Milk 
fat concentrations were higher in the HD group of pre-metritic cows. Previously, milk fat 
concentrations were lowest in cows during the week of metritis diagnosis [44]. On the 
other hand, [50] reported an increase in milk fat and a decrease in milk lactose during 
mammary gland infections. Enlarged gaps between the MEC tight junctions lead to leak-
age of milk components from the mammary gland; however, because milk fat globules 
are too large to move through the tight junctions, they remain in the mammary gland [14]. 
The increase in milk fat concentration of HD group cows before drying off can be at-
tributed to the decrease in other milk components during infection and is less likely to be 
associated with the occurrence of metritis. 

There was no difference in MUN and TS concentrations between the three disease 
incidence groups (HG, HD, and LD) and will not be discussed any further here. 

4.3. Alterations in milk production 
Milk production was shown to be lower in all diseases studied during the first 60 

DIM, with retained placenta, mastitis, and ketosis being the most important in the loss of 
production in cows with a high SCC at drying off. We have previously found that cows 
with metritis, mastitis, retained placenta, lameness, and ketosis have lower daily milk pro-
duction [10,26,34,43,44]. The emergence of new IMI can have a significant impact on both 
milk synthesis and secretion, leading to a decrease in milk yield [62]. Decreased milk pro-
duction associated with elevated SCC may be due to bacterial infection, causing influx of 
leukocytes in the mammary gland and the secretion of inflammatory mediators, leading 
to rupture of tight junctions [15,50].  

Furthermore, decreased lactose synthesis may contribute to the loss of milk produc-
tion [8], which was identified in the HD group of this study. Further to that, prolactin 
released from anterior pituitary gland regulates both cellular and humoral immune re-
sponses as well as milk yield. There is an increase in prolactin secretion towards the end 
of pregnancy, which stimulates the proliferation of the alveoli in the mammary gland, 
resulting in increased milk production after calving [16]. External LPS has been shown to 
activate the hypothalamic-pituitary-adrenocortical axis and cause the release of pro-in-
flammatory cytokines [63]. Additionally, pro-inflammatory cytokines have been shown 
to inhibit prolactin secretion in rodents [64]. Therefore, it is hypothesized that high SCC 
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in cows with lower postpartum milk production may be related to suppression of prolac-
tin secretion by the pituitary.  

The dry period is critical for the regeneration of milk-secreting cells in the mammary 
gland [16]. Our results on reduced milk production in cows with high SCC suggest that 
inflammation of the mammary gland before drying off influences milk production and 
milk composition in the following lactation. In addition, cows with a high SCC had lower 
daily milk production than cows with low SCC. This is particularly important for produc-
ers, as cows with a high SCC before dry period can lead to large economic losses during 
the next lactation. The additional management and labor costs, the higher culling rate, and 
milk waste are all negative effects of the high SCC on the farm profitability [65]. As a 
result, better management of late lactating dairy cows may be needed before the dry off 
period to increase future production and reduce disease incidence. This includes screen-
ing the cows for SCC prior to drying them off. Finally, further research on the etiological 
factors of cows with high SCC and their association with the incidence of periparturient 
diseases is needed to gain a better understanding of the pathological mechanisms in-
volved in the disease process, the health of dairy cows during the periparturient period, 
and reduce to a minimum the loss of production.  

5. Conclusions 
The results of this study indicate that dairy cows with elevated SCC prior to drying 

off were highly susceptible to postpartum ketosis. Low concentrations of protein in the 
milk postpartum were significantly related to in cows with high SCC diagnosed with ke-
tosis, possibly related to a NEB status. In addition, significant differences were found in 
the FPR for the HD group at 2 weeks postpartum in cows that were diagnosed with keto-
sis. Although not significant, the incidence of metritis, retained placenta, and lameness 
were more likely to occur in cows with high SCC before drying off; however other factors 
can also contribute to the incidence of disease.  

Milk composition was shown to be altered in high SCC cows where lactose was lower 
at all sampling time points, and protein concentrations were higher prior to dry of and 
lower after parturition. Somatic cell counts were significantly greater for high SCC cows 
prior to dry off for all diseases. After parturition, SCC were greater for the HD group with 
retained placenta, which could be related to other factors. Somatic cell counts after partu-
rition for ketosis, metritis, and lameness groups were within normal ranges (<200,000 
cells/mL), while SCC were not significant between LD and HD groups diagnosed with 
mastitis.  

Milk production after parturition was also found to be significantly lower for cows 
with high SCC prior to dry off that were diagnosed with mastitis, ketosis, and retained 
placenta. Although not statistically significant, milk production for high SCC cows was 
numerically lower for metritis and lameness, indicating milk yield potentially could be 
affected after parturition if cows are dried off with high SCC.  
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