
336 AABP PROCEEDINGS — VOL. 52 — NO. 2 — SEPTEMBER 2019

Understanding bovine mammary gland niches for staphylococci using 
different milk sampling techniques
Luis A. Rivero, DVM; Monica Witzke, BS; Pamela Adkins, DVM, MS, PhD, DACVIM; John Middleton, DVM, PhD, DACVIM
Department of Veterinary Medicine and Surgery, University of Missouri, Columbia, MO 65211

Introduction

Mastitis is usually caused by a bacterial intramammary 
infection (IMI) with Staphylococcus being the most com-
monly isolated genus. The standard method for diagnosing 
an IMI is to aseptically prepare the teat end and collect milk 
via the teat orifice into a sterile vial for bacterial culture. 
While this method has been advocated for decades, there has 
been debate about the importance of some bacteria isolated 
from such samples when the milk somatic cell count (SCC) 
in the mammary quarter is < 200,000 cells/ml (threshold 
for a healthy mammary gland). Recently, Hiitio et al. (2016) 
showed that milk samples collected directly from the gland 
cistern were less likely to contain staphylococcal DNA when 
using a commercial PCR diagnostic test kit than milk samples 
that were collected via the teat orifice. Unfortunately, the PCR 
only differentiated staphylococci into Staphylococcus spp. and 
Staphylococcus aureus, and so it is unknown which of the non-
aureus staphylococcal (NAS) species may be more likely to 
inhabit the teat canal than those that cause a true IMI. These 
data provide preliminary evidence that some staphylococci 
in milk may be teat canal inhabitants and not intramammary 
pathogens that cause mastitis. The objective of this study was 
to determine if some species of staphylococci isolated from 
milk are only isolated when the sample is collected through 
the teat orifice and absent in cisternal milk collected using 
the method described by Hiitio et al. (2016).

Materials and Methods

All cows at a MU Foremost Dairy had mammary quarter 
milk samples collected via the teat orifice to establish herd 
prevalence of staphylococcal isolates in milk. Cows with at 
least one mammary quarter culture positive for a Staphylo-
coccus spp. and one mammary quarter culture negative were 
subjected to a second sampling. Milk was aseptically collected 
via the teat orifice as before, following which a milk sample 
was aseptically aspirated from the gland cistern of the same 

quarter using a sterile needle and vacutainer tube (Hiitio et 
al., 2016). Milk samples were cultured for bacteria according 
to National Mastitis Council guidelines. An aliquot of milk col-
lected via the teat orifice was also used for SCC enumeration. 
Agreement between the culture results from cisternal milk 
and milk collected via the teat orifice was evaluated using 
the kappa coefficient.

Results

Mammary quarter-level prevalence of staphylococcal 
IMI among the 160 cows (640 quarters) sampled during the 
whole herd culture was 12% (79/641 quarters). To date, 
20 mammary quarters on 10 cows have been sampled us-
ing both sampling techniques at the same time. Among the 
samples collected via the teat orifice, 10 quarters yielded no 
growth and 10 quarters yielded growth of a Staphylococcus 
spp. Among the samples collected by cisternal aspiration, 1 
sample could not be obtained, 13 quarters yielded no growth, 
and 6 samples yielded a Staphylococcus spp. Among the 19 
quarters that had results for both samples, 84% (16/19) 
agreed and 16% (3/19) did not agree (kappa = 0.68). Of the 
3 quarters that did not agree, the cisternal sample yielded no 
growth and the teat orifice sample yielded a Staphylococcus 
aureus, a Staphylococcus chromogenes, and an undifferenti-
ated Staphylococcus spp., respectively.

Significance

Data collection is ongoing and more numbers are need-
ed; however, in general, there was good agreement between 
cisternal and teat orifice collected samples. Preliminary 
data corroborate other’s data suggesting that some strains 
of staphylococci may only inhabit the teat canal and not the 
mammary parenchyma.
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Introduction

Hyperketonemia (HYK) is an early lactation metabolic 
disease frequently observed in high-producing dairy cattle 
and it has been associated with suboptimal reproductive 
performance, decreased milk yield, increase occurrence of 
other diseases, and increase in culling. The majority of the 
reports so far focused on the association of HYK and these 
outcomes during early lactation, however, the effect of HYK 
in the whole lactation and following lactations has not been 
as extensively characterized. Therefore, our primary objec-
tive was to evaluate the association of HYK occurring during 
the first 10 days after calving and culling in Holstein dairy 
cows throughout an entire lactation. Our secondary objective 
was to determine the likelihood of the occurrence of HYK in 
subsequent lactations in Holstein dairy cows.

Materials and Methods

Blood BHB was measured in cows from six herds in Min-
nesota between 3 and 10 DIM. Cows were followed for their 
entire lactation, until next calving or culling. Cows that calved 
in the subsequent lactation had blood BHB measured again 
between 3 and 10 DIM. Health and performance data were 
collected from herd management software. Blood samples 
were collected from the coccygeal vessels and circulating BHB 
was measured using a cow-side meter (NovaVet Meter, Nova 
Biomedical, MA). Cows with blood BHB > 1.2 mmol/L were 
considered positive to HYK (HYK+). Statistical analysis was 
accomplished using R 3.4.4 software (R. RStudio, Inc., Boston, 
MA). Cox proportional hazard analysis was performed to 
analyze time to culling, adjusting for herd and parity. Multi-
variable logistic regression models were performed to assess 
the likelihood of occurrence of HYK in subsequent lactations 
adjusting for herd and parity. Separate models were created 
for primiparous and multiparous cows. Disease events and 
DIM at culling were applied to all models and removed using 
backward stepwise elimination.

Results

At the beginning of the experiment, blood BHB was 
measured in 1,570 dairy cows in the first week post-partum 
(first lactation, n = 419; second lactation, n= 477; third and 
greater lactation, n = 674). Of those animals, 654 had a second 
blood BHB measurement within the first week post-partum 
at the start of their subsequent lactation (second lactation, n 
= 226; third lactation, n = 233; fourth and greater lactation, 
n = 195). The overall prevalence of HYK during the first BHB 
testing was 9.9% (range 3.1% to 20.1%), while the prevalence 
of HYK in the second BHB testing was 16.9% (range 8.3% to 
27.6%). Hazard ratio for culling during the whole lactation 
was greater for primiparous and multiparous HYK+ cows 
when compared to HYK- cows (HR =1.5; 95% CI: 1.10 – 2.13). 
We also observed that cows that were HYK+ in the first BHB 
testing had 2.88 times greater odds (95% CI: 1.27 - 6.48) 
to be identified as hyperketonemic when sampled in their 
subsequent lactation than HYK- cows. Aditionally, cows in 
their third or greater lactation, at their first BHB testing, had 
2.17 times greater odds (95% CI: 1.29 - 3.65) to be identified 
as HYK+ in the subsequent lactation than cows in their first 
or second lactation.

Significance

In our study, elevated BHB levels in the first 10 days of 
lactation increased the hazard of cows being culled during 
the whole lactation. Additionally, our findings suggest that 
cows that developed HYK in their previous lactation are more 
likely to develop HYK in their subsequent lactation and that 
older cows, independently of their previous lactation levels, 
are more likely to be HYK+ in their next lactation. Future 
studies should focus on identifying genetic and management 
factors to decrease herd HYK prevalence.


