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ABSTRACT

The objective of this observational study was to
determine the association of exposure to selected
bedding types with incidence of subclinical (SM) and
clinical mastitis (CM) in primiparous Holstein dairy
cows housed in identical pens at a single facility. At
parturition, primiparous cows were randomly assigned
to pens containing freestalls with 1 of 4 bedding materi-
als: (1) deep-bedded new sand (NES, n = 27 cows),
(2) deep-bedded recycled sand (RS, n = 25 cows), (3)
deep-bedded manure solids (DBMS, n = 31 cows), and
(4) shallow-bedded manure solids over foam-core mat-
tresses (SBMS, n = 26 cows). For 12 mo, somatic cell
counts of quarter milk samples were determined every
28 d and duplicate quarter milk samples were collected
for microbiological analysis from all quarters with SM
(defined as somatic cell count >200,000 cells/mL).
During this period, duplicate quarter milk samples
were also collected for microbial analysis from all cases
of CM. For an additional 16 mo, cases of CM were
recorded; however, no samples were collected. Quarter
days at risk (62,980) were distributed among bedding
types and most quarters were enrolled for >150 d. Of
135 cases of SM, 63% resulted in nonsignificant growth
and 87% of recovered pathogens (n = 33) were identified
as coagulase-negative staphylococci. The distribution
of etiologies of pathogens recovered from cases of SM
was associated with bedding type. Coagulase-negative
staphylococci were recovered from 12, 38, 11, and 46%
of quarters with SM from cows in pens containing
NES, RS, DBMS, and SBMS, respectively. A result of
nonsignificant growth was obtained for 81, 59, 89, and
46% of quarters with SM from cows in pens containing
NES, RS, DBMS, and SBMS, respectively. Quarters
of primiparous cows bedded with NES tended to have
greater survival time to incidence of CM than quarters
of primiparous cows bedded with RS or DBMS.
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INTRODUCTION

On modern dairy farms, most cases of clinical mas-
titis (CM) are caused by bacteria of environmental
origin (Lago et al., 2011; Pinzén-Sénchez and Ruegg,
2011; Oliveira et al., 2013) and understanding and
managing exposure of teats to bacteria in bedding ma-
terials is crucial to maintaining udder health (Hogan
and Smith, 2012). Teats of dairy cattle may be in direct
contact with bedding materials for 40 to 60% of the day
(Tucker and Weary, 2004; Cook et al., 2005; Hogan and
Smith, 2012), making bedding materials an important
potential source of exposure to mastitis pathogens.
Research has indicated that fresh and recycled sand
and forestry byproducts (such as sawdust and wood
shavings) are the most common types of bedding
materials used on large Wisconsin dairy farms, but a
small number of the largest herds use recycled manure
products (Rowbotham and Ruegg, 2015). As compared
with organic bedding materials, use of sand bedding
has been associated with reduced exposure to bacteria
(Fairchild et al., 1982; Hogan et al., 1989; Zdanowicz
et al., 2004). Recycling bedding on-farm may provide
economic opportunities for dairy producers. However,
some recycled bedding materials (such as manure and
recycled sand; Janzen et al., 1982; Hogan et al., 1989;
Rowbotham, 2015) contain greater number of bacteria
than numbers found in inorganic bedding (such as new
sand). The greater numbers of bacteria in bedding have
been associated with increased numbers of bacteria on
teats of cows exposed to these materials (Zdanowicz et
al., 2004).

The magnitude and type of exposure to bacteria
has been associated with bedding type at this facil-
ity (Rowbotham, 2015). Large numbers of streptococci
were recovered from new sand (NES), recycled sand
(RS), deep-bedded manure solids (DBMS), and shal-
low-bedded manure solids over foam-core mattresses
(SBMS) and on teats of cows housed on all 4 bedding
types; however, the greatest numbers of bacteria were
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recovered from SBMS and on teats of cows bedded with
RS and SBMS. In that portion of the study detailed
in Rowbotham (2015), with the exception of DBMS
(where numbers of gram-negative and streptococcal
bacteria were similar), numbers of gram-negative bacte-
ria in bedding were approximately 2 to 3 log fewer than
numbers of streptococci. Similarly, numbers of gram-
negative bacteria were much less in NES and on teats of
cows bedded with NES. A linear relationship between
total rates of CM during lactation and the number of
both total gram-negative bacteria and Klebsiella spp.
in bedding was identified in a year-long observational
study of 9 commercial dairy herds (Hogan et al., 1989).
In another study, rates of new coliform IMI and num-
bers of coliform bacteria in recycled manure bedding
were both greatest in the summer (Smith et al., 1985).
Rendos et al. (1975) reported associations between the
numbers of bacteria in bedding and recovered from
teat skin, but also cautioned against extrapolation to
explain rates of new IMI caused by these same bacte-
ria. The authors stated that the relationship between
bedding bacterial populations and mastitis needs to be
investigated directly through a lengthy and controlled
study of incidence of IMI of cows bedded with various
materials. Two other studies failed to find associations
between coliform bacterial numbers in bedding and
coliform IMI (Natzke and LeClair, 1976; Fairchild et
al., 1982); however, treatment groups contained only
3 to 10 cows and trial lengths were only 3 to 4 wk.
The objective of this cohort study was to determine
the association of exposure to 4 selected bedding types
with incidence of subclinical mastitis (SM) and CM
in primiparous Holstein dairy cows housed in identical
pens at a single facility. The primary hypothesis was
that exposure to different bedding types was associated
with the occurrence of CM and SM.

MATERIALS AND METHODS
Facility Design

The study was conducted at the University of Wis-
consin—-Madison Marshfield Research Station. Four
bedding types were tested in a freestall barn 29.3 m
wide by 59.4 m long with 4.3-m-tall open side walls
that contained identical pens (n = 4) each 11.3 m wide
by 26.1 m long. Each pen of housed up to 32 lactating
cows in 2 rows of 16 head-to-head freestalls. Freestall
dimensions were 1.65 m from rear curb to brisket loca-
tor, 1.78 m from rear curb to neck rail, 0.23 m curb
height, and 1.28 m width (divider mounting on center).
Alleys between freestalls and feed bunks were 4.04 m
wide, and alleys between freestalls and outside walls
were 2.44 m wide. Throughout the period of the study,
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each of the 4 pens contained a single type of bedding
material: (1) NES, which was deep-bedded, previously
unused pit sand; (2) RS, which was deep-bedded sand
recycled on the farm using a screw-type sand separator
designed to recover 80 to 90% of sand from manure for
reuse as bedding (McLanahan, Hollidaysburg, PA); (3)
DBMS, which was deep-bedded manure solids recycled
on the farm using a screen press; and (4) SBMS, which
was the same recycled manure solids as DBMS, shallow
bedded over foam-core mattresses. Twice daily while
cows were milked, bedding was manually groomed and
leveled in all stalls, and alleys were scraped. The base of
all deep-bedded stalls consisted of approximately 20 cm
of compacted limestone covered with approximately 30
cm of bedding. Immediately after bedding, the depth of
noncompressed bedding (measured by inserting a ruler
vertically into beds with light pressure) was 10 to 13 cm
(NES), 10 to 15 cm (RS), and 7 to 13 cm (DBMS) with
a greater depth of noncompressed bedding in the fronts
of stalls with all bedding types. Stalls with mattresses
and SBMS were bedded to a depth of approximately
1.5 to 3 cm with additional bedding in front of the
brisket board drawn onto the mattresses during groom-
ing to a maintain a depth of approximately 1.5 to 3 cm
at the time of grooming. Fresh bedding was added to
all stalls on Tuesday and Friday afternoons. All cows
were fed the same TMR consisting of 20.8% corn si-
lage, 17.5% alfalfa haylage, 5.8% alfalfa hay, 21.4% high
moisture corn, 20% soybean protein mix, 5.2% corn
gluten pellets, 3.6% cottonseed, and 5.8% liquid sugar
and mineral mix. This barn was specifically designed to
accommodate research about different lactating dairy
cow bedding materials.

Weekly bedding culture and teat skin swab culture
results have been previously described in Rowbotham
(2015).

Population of Pens and Enrollment of Quarters

Prior to the study, all 4 pens in the newly constructed
barn were populated with multiparous cows from an-
other University of Wisconsin research facility. During
2012, before the beginning of the study, all except 15
of the multiparous cows were gradually replaced with
primiparous Holsteins, which were randomly assigned
to the 4 pens after parturition. Our study consisted
of 2 periods. An initial sampling period (ISP) that
included collection of milk samples for microbiological
analysis began on January 1, 2013, and was completed
on December 17, 2013. An extended observation period
(EOP) that did not include collection of milk samples
was conducted from December 18, 2013, until April 30,
2015. At the beginning of the ISP the initial population
of cows in the pens consisted of primiparous Holsteins
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(n = 96), multiparous cows (n = 15), and a single
primiparous Jersey (Table 1). During the study (ISP
and EOP), cows exiting the facility were replaced with
primiparous Holsteins (n = 309) and some multiparous

Total
434
800

1,234

Holsteins (n = 19) and non-Holsteins (n = 9). Animals EE e £ o o
entered the facility after parturition and were randomly < E E g 3 S = =
assigned to one of the 4 pens. After assignment to a bed- Z |
ding type, cows remained in the same pen until exiting 5
the farm. Beginning on January 1, 2013, functioning % %E éﬁ - ~
quarters of first-lactation Holstein cows were eligible to g a E z E = 8 03
be enrolled in this study 7 d after a cow entered a pen »
(which was also 7 DIM). % .

. | tE 2oz g
Definitions g - -

All mastitis was defined at the quarter level. A case

of CM was defined by abnormal appearance of milk, ZEE Loz o

and cases were considered unique when occurring more ’ - -~

than 14 d after a previous case. Clinical mastitis was

detected by milking technicians by observing foremilk _

removed during premilking preparation. A case of SM 5 Z8RgTE

was defined as a quarter with visually normal milk con-

taining SCC >200,000 cells/mL (NMC, 2001; Pantoja L

et al., 2009&) EE E—"ﬁ O MMM D
Exposure of mammary quarters to bedding types was % E =3 T

measured as quarter days at risk (QDAR), where a

quarter was considered to be at risk from the date of e

enrollment until an incidence of SM or CM or until % %ﬁ el P R

the quarter exited the study (DoHoo et al., 2012). O|RZES

The incidence rate of mastitis (IRM) was defined as

the first cases of SM or CM per 1,000 QDAR and was g

calculated only for the ISP. The incidence rate of CM g% Srmnen

(IRCM) was defined as first cases of CM per 1,000 S

QDAR and was calculated for the combined ISP and

EOP. Prevalence of SM was defined using 2 methods: -

(1) the number of quarters with SCC >200,000 cells/ S B

mL divided by the total number of quarters sampled,
and (2) the number of quarters with SCC >200,000
cells/mL and isolation of a pathogen divided by the
number of quarters sampled.

1) was not eligible for enrollment.

Data and Sample Collection

During the ISP, every 28 d (n = 13 sampling dates),
during the morning milking, researchers collected milk
samples from all enrolled quarters to determine SCC.
At first sampling, cows were between 7 and 35 DIM.
Quarters of cows treated for CM were not sampled.
After milking was completed, milk samples were im-
mediately transported to a nearby DHI laboratory
(AgSource Milk Analysis Laboratory, Stratford, WT)
and analyzed for SCC (CombiFOSS 6000, Foss Food
Technology Corp., Hillerad, Denmark). Results of SCC
tests were received within 4 h. At the evening milking

Table 1. Herd population and quarters enrolled in a study of associations between bedding type and mastitis occurring January 1, 2013, to April 30, 2015

’Initial sampling period, January 1, 2013, to December 17, 2013. Quarters of first-lactation Holsteins were enrolled at 7 DIM.

*Nonfunctional mammary quarter (n = 1) was not eligible for enrollment.
Extended observation period, December 18, 2013, to April 30, 2015.

Enrolled first-lactation Holsteins, during EOP®
Ineligible cows entering same pens, during EOP

Ineligible cows entering same pens, ISP
Total enrollment, ISP + EOP

Initial populations, not enrolled
Enrolled first-lactation Holsteins, ISP?
'Over foam-core mattresses.
*Nonfunctional mammary quarter (n

Population, n
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of the same day, milk samples were aseptically collected
from all quarters with SM (quarter-milk SCC > 200,000
cells/mL).

During each milking, milking technicians examined
foremilk for abnormal milk and recorded all quarters
with abnormal milk as CM. During the ISP, after de-
tection of CM, milking technicians aseptically collected
duplicate quarter milk samples that were frozen for up
to 28 d before performing microbiological analysis at
the UW Milk Quality Laboratory. During the EOP,
CM cases were detected but milk samples were not col-
lected.

Microbial Analysis

During the ISP, microbiological analysis of milk
samples collected from quarters diagnosed with SM and
CM was performed at the University of Wisconsin Milk
Quality laboratory using National Mastitis Council
(1999) guidelines. All but one group (n = 12) of milk
samples collected from SM were cooled and processed
within 15 h of collection. On one occasion, due to holi-
day schedules, one group of aseptically collected milk
samples was frozen for 28 d before performing micro-
biological analysis. Frozen milk samples were thawed
at room temperature. One hundred microliters from
each duplicate sample was inoculated onto one half of
a trypticase soy agar plate with 5% sheep blood. Ten
microliters of milk from one of the duplicate samples
was inoculated onto one-quarter of a MacConkey agar
plate. Plates were incubated for 24 to 48 h at 37°C.
Isolates that grew on MacConkey agar were inocu-
lated on sodium citrate slants, triple sugar iron slants,
motility, indole, and ornithine. Staphylococcus and
Streptococcus were differentiated using catalase tests.
Catalase-positive colonies were tested for mannitol and
coagulase reactions. Catalase-negative colonies were
tested for Christie, Atkins, Munch-Petersen (CAMP);
esculin; and bilesculin reactions. Final microbiologi-
cal identification was performed using a combination
of biochemical tests, Gram stain characteristics, and
colony morphology. An IMI was defined as the isolation
of 100 cfu/mL of identical colonies with the exception
of Staphylococcus aureus, for which an IMI was defined
as the isolation of 10 or more cfu/mL. When 2 differ-
ent types of bacteria were identified in the same milk
sample, the result was classified as a mixed infection.
When at least one colony of each of 3 or more differ-
ent colony types was isolated from the same sample,
the sample was considered contaminated. The etiology
was defined using the results of duplicate milk samples
based on criteria described by Pinzén-Sanchez and
Ruegg (2011). Results of quarter milk samples with
nonsignificant growth (<100 cfu/mL) were combined
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with no growth and identified as culture negative
(CNEG) for analysis. Results of quarter milk samples
with microbial growth were combined and identified as
culture positive (CPOS) for analysis.

Statistical Analysis

Statistical analyses were performed using SAS 9.4
(SAS Institute Inc., Cary, NC). Descriptive statistics
using PROC UNIVARIATE, PROC FREQ, and PROC
SGPLOT were used to verify data integrity and observe
distributions. Sample size calculations were performed
using PROC POWER. For all multivariate models,
model fit was assessed by the Akaike information crite-
rion (Akaike, 1969). For all models, multiple compari-
sons were adjusted using Tukey-Kramer. All means are
presented as mean + SE and significance was defined
as P < 0.05.

Analysis of Cow-Level Characteristics. To
test the null hypothesis that the reason for exiting the
farm during the ISP, or during the combined ISP and
EOP, was not associated with bedding type, 2 separate
analyses using Fisher’s exact test were performed using
PROC FREQ. Reasons for exiting the facility included
end of lactation, culled, died, or transferred to another
facility. Culled, died, and transferred to another facility
were combined for analysis due to sparse data. The
experimental unit was cow.

To test the null hypothesis that duration in pen was
not associated with bedding type, 2 univariate regres-
sion models were constructed using PROC MIXED.
The explanatory variable was bedding type and the
response variable was quarter days of enrollment. For
the first model, quarter days of enrollment was days
from enrollment to exiting the farm or the end of the
ISP. For the second model, quarter days of enrollment
was days from enrollment to exiting the farm or the
end of the EOP. The experimental unit was mammary
quarter.

To test the null hypothesis that average DHI test
day DIM, SCC, and kilograms of milk produced did
not differ among bedding types, 3 separate repeated
measures regression models with autoregressive covari-
ance structures were constructed using PROC MIXED.
The explanatory variable in each model was bedding
type and the response variables were (DIM)"?, SCS, or
kilograms of milk. The experimental unit was cow.

Analysis of Quarter-Level Outcomes. To test
the null hypothesis that proportions of CPOS and
CNEG samples were not associated with bedding type,
associations among CPOS or CNEG and bedding type
were tested using a binary logit model in PROC GLIM-
MIX with cow as a random variable to control for quar-
ters nested within cow, bedding type as the explanatory
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variable, and CPOS (binary) as the response variable.
The experimental unit was mammary quarter nested
within cow.

To test the null hypothesis that IRM during the ISP
did not differ among bedding types, associations among
IRM and bedding type were tested using a binary logit
model in PROC GLIMMIX with cow as a random
variable to control for quarters nested within cow,
bedding type as the explanatory variable, and IRM as
the response variable. A secondary analysis using the
same model was performed for IRM with an alterna-
tive definition of SM. For the secondary analysis, SM
was defined as a CPOS quarter and a SCC >200,000
cells/mL. Mammary quarter nested within cow was the
experimental unit for both models.

To test the null hypothesis that IRCM did not dif-
fer among bedding types during the combined ISP and
EOP, associations among IRCM and bedding type were
tested using a binary logit model in PROC GLIMMIX
with cow as a random variable to control for quarters
nested within cow, bedding type as the explanatory
variable, and IRCM as the response variable. The ex-
perimental unit was mammary quarter nested within
COw.

To test the null hypotheses that survival until oc-
currence of mastitis did not differ among bedding
types, survival to the first quarter-level case of mastitis
stratified by bedding type was analyzed using Cox
proportional hazard regression in PROC PHREG us-
ing the robust sandwich estimate option to account for
clustering of quarters with cow. During the ISP, eligible
quarters were included in the analysis from the time of
enrollment until they left the herd (censored), or ex-
perienced an event (SM or CM). During the combined
ISP and EOP, eligible quarters were included in the
analysis from the time of enrollment until they left the
herd (censored), or developed CM (event). The experi-
mental unit was mammary quarter nested within cow.

Power Analysis. A priori sample size calcula-
tions were not performed because pen size and animal
populations were determined by the size of the research
facility. Post hoc power analysis was performed for IRM
by bedding type and IRCM by bedding type.

All procedures were approved by the Animal Care
and Use Committee for the College of Agricultural and
Life Sciences of the University of Wisconsin—-Madison.

RESULTS
Quarter Enrollment

Quarters were enrolled during the ISP (n = 434) and
the EOP (n = 800) for a total of 1,234 quarters enrolled
during the study (Table 1). Nonfunctional mammary

quarters at first sampling were not eligible for enroll-
ment (n = 1 in NES, n = 1 in SBMS). Eligible cows
with enrolled quarters were housed in the same pens as
ineligible cows.

Characteristics of the Cows

Least squares means of DHI test day milk produc-
tion, SCS, and DIM were not associated with bedding
type (P > 0.189; Table 2). Duration of quarters in the
study was associated with pen during the ISP (P <
0.001) but not during the combined ISP and EOP (P
= 0.153). During the ISP, 80% (n = 87) of cows with
enrolled quarters remained in the study until the end of
the ISP (and continued into the EOP), 17% (n = 18)
exited at the end of their lactation, 2% (n = 2) were
culled, and 2% (n = 2) were transferred to another
University of Wisconsin farm (Table 2). The propor-
tion of cows exiting the study during the ISP due to
end of lactation as compared with combined culling
or transfer was not associated with bedding type (P
= 0.647; Table 2). The proportion of cows exiting the
study during the combined ISP and EOP due to end of
lactation (as compared with combined culling, death,
and transfer) was not associated with bedding type (P
= 0.216; Table 2).

Subclinical and Clinical Mastitis

Subclinical Mastitis. During the ISP, 2,676 quar-
ter-level milk samples were tested for SCC. From these
quarters, milk samples were examined for microbio-
logical growth from 66 incident cases and 69 recurrent
cases of SM (Table 3). No gram-negative pathogens
were recovered from milk obtained from quarters with
SM. Of usable samples (not contaminated or miss-
ing) from incident cases of SM (n = 59), the majority
(71%) were culture negative (Table 3). When nesting
of quarters with cow was considered, the proportion of
incident cases of SM (n = 59) from usable samples that
were CPOS (n = 17) was not associated with bedding
type (P = 0.202), and was distributed as 15% (NES;
2 of 13), 47% (RS; 7 of 15), 6% (DBMS; 1 of 17), and
50% (SBMS; 7 of 14). Of usable samples obtained from
recurrent cases of SM (n = 64), the majority (67%, n
= 43) were CNEG (Table 3). When nesting of quarters
with cow was considered, the proportion of recurrent
cases of SM that were CPOS was not associated with
bedding type (P = 0.476) and was distributed as 23%
(NES; 3 of 13), 37% (RS; 7 of 19), 17% (DBMS; 3 of
18), and 57% (SBMS; 8 of 14).

Clinical Mastitis. During the ISP, 21 first cases
of CM were identified from 434 quarters of 109 pri-
miparous Holsteins. The proportion of etiologies
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Table 2. Characteristics of first-lactation Holstein cows enrolled in a study of associations between bedding type and mastitis January 1, 2013,

to April 30, 2015

Deep- Shallow-
bedded bedded
New Recycled manure manure
Item sand sand solids solids' P-value
DHIA test day data (LSM) during ISP?
Milk per cow, kg (SE) 33.2 (1.37) 30.2 (1.37) 30.7 (1.37) 30.4 (1.28) 0.348
SCS (SE) 1.6 (0.23) 2.2 (0.23) 1.7 (0.18) 2.1 (0.22) 0.189
DIM,” d (SE) 77 (20.1) 80 (21.6) 67 (14.4) 59 (16.6) 0.782
Duration in pen” during ISP, LSM (SE) 146" (9.4) 193" (9.7) 186" (8.7) 142" (9.6) <0.001
Duration® in pen during ISP and EOP combined, LSM (SE) 247 (6.6) 247 (6.7) 232 (6.2) 227 (6.4) 0.153
Reason for exiting facility, ISP 0.647
End of lactation, n 4 4 9 1
Culled, n 0 0 1 1
Transfer to another facility, n 1 0 1 0
Continued to EOP,” n 22 21 20 24
Total cows (ISP), n 27 25 31 26
Total quarters (ISP), n 107 100 124 103
Reason for exiting facility, ISP and EOP combined
End of lactation, n 36 36 38 34 0.216
Culled, n 5 6 13 11
Died, n 1 1 0
Transfer to another facility, n 0 0 1 0
End of recording, n 33 29 31 34
Total cows (ISP and EOP combined), n 74 72 84 79
Total quarters (ISP and EOP combined), n 295 288 336 315

*"Means with different superscripts within a row differ (Tukey adjusted P < 0.05).

'Over foam-core mattresses.
“Initial sampling period, January 1, 2013, to December 17, 2013.

’DIM evaluated as DIM'? to normalize distribution and back transformed for presentation.

*Quarter days in pen. One QD in pen = exposure of one mammary quarter to bedding for 1 d for enrolled quarters until exiting the farm or

the end of the ISP.
Extended observation period, December 18, 2013, to April 30, 2015.

(gram-positive, gram-negative, CNEG) tended to be
associated with bedding type (Table 3, P = 0.066). All
3 samples of milk obtained from cases of CM of cows
bedded with NES were CNEG as compared with 11 to
25% CNEG samples among other bedding types (Table
3). Almost half of milk samples from CM cases did not
result in the identification of a pathogen [CNEG (n =
6), contaminated (n = 5)].

During the combined ISP and EOP, 1,234 enrolled
quarters from 309 first-lactation Holsteins were moni-
tored. Of these, 73 quarters experienced 1 case of CM,
16 experienced 2 cases, and 2 experienced 3 cases. The
overall IRCM was 0.26 cases/1,000 QDAR and TRCM
was not associated with bedding types (P = 0.193;
Table 4). There were tendencies for differences in sur-
vival times among bedding types (P = 0.071). When
adjusted for multiple comparisons, there was a ten-
dency for longer survival times to first case of CM for
quarters of cows in pens containing NES as compared
with quarters of cows bedded with RS (P = 0.056) or
DBMS (P = 0.086).

Overall Incidence Rate of Mastitis. During
the ISP, 84 first cases of mastitis (SM or CM) were
recorded. The number of first cases of mastitis is less
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than the sum of first cases of SM and first cases of CM
(Table 3) due to 3 quarters (1 each in NES, DBMS, and
SBMS) that experienced both CM and SM. The overall
IRM during the ISP was 1.36 cases/1,000 QDAR and
was not associated with bedding type (P = 0.527; Table
5). The overall IRM from the secondary analysis (with
SM defined as a CPOS quarter with SCC >200,000
cells/mL) was 0.29 cases/1,000 QDAR. In this analysis,
the IRM for quarters of cows in pens containing SBMS
(0.66 cases/1,000 QDAR) and RS 0.44 cases/1,000
QDAR) were greater than the IRM for quarters of cows
bedded with NES (0.14 cases/1,000 QDAR) or DBMS
(0.05 cases/1,000 QDAR). Using the primary definition
of SM (SCC >200,000 cells/mL), there were no differ-
ences in survival times to first case of CM (P = 0.169)
among bedding types.

Power Analysis

For analyses where no difference was observed, sample
size in this study provided an excess of 95% confidence
and 80% power to detect a difference in IRM by bed-
ding type of 2.13 cases/1,000 QDAR, and IRCM by
bedding type of 1.48 cases/1,000 QDAR.
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Table 3. Results of microbiological analysis of milk samples obtained from enrolled quarters (n = 434) with SCC >200,000 cells/mL or first
cases of clinical mastitis (CM) in a study of first-lactation Holsteins (n = 109) housed on 4 different beddings from January 1, 2013, to December

17, 2013
Bedding
Deep- Shallow-
bedded bedded
New Recycled manure manure

Isolate, n sand sand solids solids Total Results,” %
Microbiological results of incident cases of SM**? 13 17 18 18 66
CNS 1 [§ 1 6 14 23.7
Environmental Streptococcus spp. 1 0 0 0 1 1.7
Corynebacterium spp. 0 1 0 0 1 1.7
Staphylococcus aureus 0 0 0 1 1 1.7
Nonsignificant growth 11 8 16 7 42 71.2
No sample 0 1 0 3 4
Contaminated 0 1 1 1 3
Microbiological results of recurrent cases of SM®’ 14 19 19 17 69
CNS 2 7 3 7 19 29.7
Environmental Streptococcus spp. 1 0 0 0 1 1.6
Staphylococcus aureus 0 0 0 1 1 1.6
Nonsignificant growth 10 12 15 6 43 67.2
Contaminated 1 0 1 3 5
Microbiological results from incident case of CM® 3 9 5 4 21
CNS 0 2 0 1 3 18.8
Environmental Streptococcus spp. 0 1 0 0 1 6.3
Staphylococcus aureus 0 0 0 1 1 6.3
Escherichia coli 0 0 3 0 3 18.8
Klebsiella spp. 0 1 0 0 1 6.3
Yeast 0 1 0 0 1 6.3
No or nonsignificant growth 3 1 1 1 6 37.5
Contaminated — 3 1 1 5

'Over foam core mattresses.
20Of usable samples.
3Subclinical mastitis defined as a quarter with SCC >200,000 cells/mL.

*Usable samples: new sand (n = 13), recycled sand (n = 15), deep-bedded manure solids (n = 17), shallow-bedded manure solids (n = 14).
PCulture positive samples: new sand (n = 2), recycled sand (n = 7), deep-bedded manure solids (n = 1), shallow-bedded manure solids (n = 7).
SUsable samples: new sand (n = 13), recycled sand (n = 19), deep-bedded manure solids (n = 18), shallow-bedded manure solids (n = 14).
"Culture positive samples: new sand (n = 3), recycled sand (n = 7), deep-bedded manure solids (n = 3), shallow-bedded manure solids (n = 8).

#Clinical mastitis defined as abnormal appearance of milk.

DISCUSSION

bovine immune system. Environmental factors include

cow hygiene (Schreiner and Ruegg, 2003), premilking

Environmental mastitis is a multifactorial disease with

routine (Pankey, 1989), and the number of pathogens on

risk factors associated with the environment and the (16 teat end (Neave et al., 1966; Pankey, 1989). Due to

Table 4. Clinical mastitis (CM) incidence rates in a study of 1,234 quarters in 309 first-lactation Holsteins housed on 4 different beddings during
the combined intensive sampling period and extended observation period (January 1, 2013, to April 30, 2015)

QDAR? Incidence rate, Type 111
Bedding Quarters,' n 1n,/1,000 CM cases n CM/1,000 QDAR P-value
Deep-bedded new sand 295 71.753 9 0.13 0.193
Deep-bedded recycled sand 288 65.550 22 0.34
Deep-bedded manure solids 336 74.752 23 0.31
Shallow-bedded manure solids® 315 69.148 19 0.28
Total 1,234 281.203 73 0.26

'Enrolled mammary quarters.

*Quarter days at risk. One QDAR = exposure of one enrolled mammary quarter to bedding for 1 d before a case of CM during the extended

sampling period.
3
Over foam-core mattresses.

Journal of Dairy Science Vol. 99 No. 6, 2016



8 ROWBOTHAM AND RUEGG

Table 5. Overall, mastitis incidence rates of subclinical (SM) and clinical mastitis (CM) in a study of 434 quarters of 109 primiparous cows
housed on 4 different bedding types during the intensive sampling period (January 1 to December 17, 2013)

Incidence rate,

QDAR,? SM or CM SM or CM/1,000 Type III
Bedding Quarters,' n n,/1,000 incidence,* n QDAR P-value
New sand (NES) 107 13.799 15 1.09 0.527
Recycled sand (RS) 100 15.779 26 1.65
Deep-bedded manure solids (DBMS) 124 20.250 22 1.09
Shallow-bedded manure solids (SBMS)* 103 12.098 21 1.74
Total 434 16.946 84 1.36

1
Enrolled mammary quarters.

*Quarter days at risk. One QDAR = exposure of one enrolled mammary quarter to bedding for 1 d before first case of mastitis during the in-

tensive sampling period.
*Over foam core mattresses.

*Total SM or CM incidence (n = 84) is greater than incidence of SCC >200,000 cells/mL in Table 3 (n = 66) due to 2, 8, 3, and 5 cases of CM
in quarters with no cases of SM in quarters of cows bedded with NES, RS, DBMS, and SBMS, respectively. Total SM or CM incidence (n =
84) is less than sum of first cases of SCC >200,000 cells/mL in Table 3 (n = 87) and first cases of CM in Table 3 (n = 21) due to 3 quarters (1

each in NES, DBMS, and SBMS) that experienced both CM and SM.

the complexity of environmental mastitis, we conducted
our study in a single research facility specifically de-
signed to study the effect of different bedding materials
on animal management (USDA-ARS, 2011). With the
exception of bedding type, the facility provided uniform
feed, management, milking, and housing, which allowed
researchers better control of variation within the study.
The use of a single facility also allowed researchers to
use consistent bedding materials throughout the study.
To the best of our knowledge, this is the first study to
use a single facility containing randomly assigned cows
to study the association of different bedding types with
incidence of SM and CM. The use of a research herd
also allowed lactating cows to remain in a single pen
throughout an entire lactation, a practice which would
not be practical on most commercial dairies. In many
controlled experiments, treatments (such as different
diets) are applied to pens of animals and the pen is
considered to be the experimental unit. In those stud-
ies, the use of replicated pens allows for determination
of effects of the specific treatment on the outcome vari-
able of interest. The design of this observational study
was unique because the pen itself was the treatment
(bedding was indistinguishable from pen), and thus we
were able to use mammary quarter nested within cow
as the experimental unit. In this type of observational
study, associations (rather than causality) between
the risk factor (in this instance, pen containing a par-
ticular bedding type) and the outcome (SM and CM)
are determined. Clustering of quarter within cow was
accounted for by including cow as a random variable
in PROC GLIMMIX and using the robust sandwich
estimate option with PROC PHREG. A limitation of
using a single facility with cows remaining the same
treatment pens for their entire lactation is the lack of
replication. Even with pens designed and constructed
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to identical specifications, without replication, pen is
completely indistinguishable from treatment.

Cows in our study were housed in freestalls similar
to those used to house cows on many commercial dairy
farms in the United States. Dairy farms in the United
States containing 100 to 499 cows and >500 cows use
freestall housing for 23% and 63% of lactating cows,
respectively (USDA-NASS, 2014b). Larger Wisconsin
dairy farms almost exclusively (99.6% of farms) use
freestall barns to house lactating cows (Rowbotham
and Ruegg, 2015). Even though all enrolled cows were
primiparous, milk production was similar to US milk
production (32.5 kg/d), indicating that nutritional
management and genetic potential of the research herd
were similar to commercial dairy operations (USDA-
NASS, 2014a). As this facility is adjacent to the Uni-
versity of Wisconsin heifer raising facility and contains
mostly primiparous Holsteins, the reference popula-
tion for this study is primiparous Holsteins housed in
freestall barns and results should not be extrapolated
to multiparous cows. Unbeknownst to the investigators,
farm staff did not evenly allocate the few multiparous
cows that were also assigned to this facility and the pen
containing SBMS did not contain multiparous cows. At
the beginning of the ISP, multiparous cows (n = 15)
were distributed among NES (n = 5), RS (n = 5),
and DBMS (n = 5). During the ISP, multiparous cows
(n = 17) entered the NES (n = 7), RS (n = 3), and
DBMS (n = 7) pens. Although it is unfortunate that
the multiparous cows were not evenly distributed, the
presence of multiparous cows in pens was unlikely to
have influenced the results. The outcomes of culturing
milk from SCM were primarily no-growth and CNS,
whereas almost all milk samples obtained from cases of
CM were environmental pathogens such as Escherichia
coli and CNS. Staphylococcus aureus was recovered
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from 1 quarter (2 cases) of 1 cow that was located in
the pen containing SBMS, which was the only pen not
containing multiparous cows.

Mammary quarters that are free of infection usu-
ally have low SCC (<200,000 cells/mL; NMC, 2001).
For our primary analysis, we defined SM as a quarter
with a SCC >200,000 cells/mL and did not require
isolation of a pathogen. The use of this definition al-
lowed us to identify quarters with inflammation that
had experienced spontaneous clearance of the pathogen
(self-cures; Oliveira et al., 2013), and quarters that re-
mained infected but the number of colonies was below
our limit of detection (or could not be grown using our
culture methods). We also performed a secondary anal-
ysis using an alternative definition of SM that required
isolation of a presumed pathogen. Although statistical
differences were present among IRM, using the alterna-
tive definition resulted in very few cases of SM (2, 7,
1, and 8 quarters with SM for cows in pens with NES,
RS, DBMS, and SBMS, respectively). On a practical
basis, SM is normally defined based on SCC and for our
primary analysis we used our initial definition that was
based solely on quarter SCC >200,000 cells/mL. A pre-
vious study of foremilk samples from 22,467 quarters of
554 cows from 7 herds with bulk milk SCC <150,000
cells/mL reported sensitivity of 74.5% and specificity of
89.6% for detecting IMI at 200,000 cells/mL with TMI
defined as isolation of the same pathogen from a mam-
mary quarter in both of 2 duplicate samples (Schepers
et al., 1997). Using our SCC threshold, at the risk of
not finding 25% of potentially infected quarters, 90% of
healthy quarters were not sampled for microbiological
analysis. The sensitivity of our methodology may have
been greater than 75% because isolation of a patho-
gen from one of 2 duplicate samples was considered as
CPOS. For samples obtained from quarters with CM,
our proportion of CNEG samples (38%) was similar to
results of previous studies using milk samples obtained
from cows on large Wisconsin herds (Pinzén-Sanchez
and Ruegg, 2011; Oliveira et al., 2013).

Our primary definition of quarter level SM (SCC
>200,000 cells/mL) at first sampling with 28-d sam-
pling intervals dictated that cows were between 7 and
35 DIM at the first sampling of their quarters. It is pos-
sible that a quarter could have had a case of SM before
parturition and entering a treatment groups. This risk
would have been evenly distributed among treatments
because cows and quarters were evenly distributed
across treatment groups. This risk was also low due
to very few mastitis cases as indicated by low incident
rates of subclinical mastitis.

Bacterial populations in the bedding and on teat skin
of cows in this study have been previously described
(Rowbotham, 2015). Briefly, large numbers of strepto-

cocci were recovered from all bedding types in all seasons
with the greatest numbers in SBMS and least in NES
and DBMS. Large numbers of streptococci were also
recovered from teats of cows on all bedding types with
greatest numbers recovered from teats of cows bedded
with SBMS and RS, intermediate numbers for teats of
cows bedded with NES, and least numbers for teats
of cows bedded with DBMS. Streptococci and other
gram-positive bacteria are normally associated with
IMI characterized by long duration subclinical stages
that occasionally result in CM (Todhunter et al., 1995;
Zadoks, et al., 2003). The proportion of CPOS samples
from first cases of SM was less for quarters of cows
bedded with NES (15%) or DBMS (6%) as compared
with quarters of cows bedded with RS (47%) or SBMS
(50%). These findings correspond to least numbers of
streptococci recovered from teats of cows bedded with
NES and DBMS (Rowbotham, 2015), indicating that
lesser proportions of CPOS samples were from quarters
of cows bedded with the materials which exposed teats
to fewest potential gram-positive mastitis pathogens.
Although we did not observe a difference in survival
to incident case of mastitis among bedding types, our
sample size was insufficient to detect small differences
due to low incidence rates of both SM and CM.

Isolates from CPOS milk samples obtained from cows
enrolled in our study were distributed as gram-negative
(40%), gram-positive (50%), and yeast (10%), similar to
results from recent studies characterizing CM on large
Wisconsin dairy herds (Pinzén-Sdnchez and Ruegg,
2011; Oliveira et al., 2013). With the exception of a
single Staphylococcus aureus isolate, pathogens isolated
from CM cases in our study were all of environmental
origin. Environmental streptococcus, Fscherichia coli,
and Klebsiella spp. were identified in 50% of culture
positive cases of CM and were among bacteria cultured
from bedding and teat swab samples (Rowbotham,
2015).

During our study, no cases of SM were associated
with gram-negative pathogens. In contrast to strepto-
cocci, which usually cause SM with a long duration
subclinical phase, gram-negative pathogens are normal-
ly associated with short duration infections that often
result in clinical signs (Smith et al., 1985; Hogan and
Smith, 2003). Based on results of cultures of bedding
in the pens (Rowbotham, 2015), total gram-negative,
coliform, and Klebsiella spp. numbers were greatest in
DBMS, intermediate in SBMS and RS, and least in
NES. Fewest numbers of total gram-negative bacteria
were recovered from teats of cows bedded with NES
as compared with other bedding types, and meaning-
ful numbers of coliform and Klebsiella spp. were only
recovered from teat skin of cows bedded with DBMS
(Rowbotham, 2015). Despite the small number of mas-
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titis events observed in our study, we found tenden-
cies for longer survival to first case of CM for quarters
of cows bedded with NES than with RS or DBMS.
This association corresponds with fewest numbers of
gram-negative bacteria in NES. Our power calculations
indicated that sample size was only sufficient to detect
a difference of 1.48 cases/1,000 QDAR for IRCM. Our
overall IRCM was 0.26 cases/1,000 QDAR and differ-
ences among IRCM for various bedding types ranging
from 0.03 to 0.21 cases/1,000 QDAR. While IRCM for
cows bedded with NES is approximately 3 times less
than the IRCM for cows bedded with other materials,
due to our low incidence rates, we do not know if this
difference is associated with bedding or the result of
random chance.

Our reference population was primiparous Holsteins
housed in freestall barns and is not characteristic of
cows in commercial dairy farms; however, 35.2% of
all cows on US dairy farms were primiparous (Hare et
al., 2006). The overall IRCM experienced in this herd
was lower than previous studies (Olde Riekerink et al.,
2008; Santman-Berends et al., 2015), likely due to the
large proportion of primiparous cows. During the ISP,
we were not able to detect an association of IRM with
bedding type; however, our overall IRM was only 1.36
cases/1,000 QDAR and our ability to detect differences
in IRM was 2.13 cases/1,000 QDAR. A recent review
reported previous studies identifying prevalence of
quarter-level SM in early lactation heifers ranging from
12 to 58% (De Vliegher et al., 2012). Prevalence of SM
during our study of 5.2% measured as quarters with
SCC >200,000 cells/mL or 2.6% measured as quarters
with SCC >200,000 cells/mL and isolation of a patho-
gen (also measured at the quarter level) was much
less than results of earlier studies. Previous research
indicates that both CM and SM occur more frequently
in multiparous cows (Barkema et al., 1998; Busato et
al., 2000) and reinforce that our results apply specifi-
cally to primiparous animals. The influence of bedding
type as a reservoir for mastitis pathogens may be more
important for second and later lactation cows than for
the first-lactation cows included in this study because
multiparous cows are more susceptible to both SM and
CM and because after a cow has experienced a case of
CM, she is more likely to experience a case later in the
same or in future lactations (Pantoja et al., 2009a,b;
Pinz6n-Sénchez and Ruegg, 2011). Primiparous dairy
cows are known to have a lower risk of both SM and
CM and may be able to withstand greater exposure
to environmental bacteria. Thus, farmers may have an
opportunity to selectively use organic bedding materi-
als in pens that contain only primiparous cows without
negatively affecting udder health.
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New sand has been identified as an ideal bedding for
dairy cattle (Hogan and Smith, 2012). Farmers have
shown interest in recycling sand on-farm to use as bed-
ding (Kristula et al., 2005) or using recycled manure as
bedding to reduce sand purchase expenses and reduce
the total tons of DM in the manure stream (Godden et
al., 2008; Husfeldt and Endres, 2012). Bacterial popu-
lations representing potential mastitis pathogens were
least in NES and least on teats of cows bedded with
NES (gram-negative, coliform, Klebsiella spp.) or on
teats of cows bedded with DBMS and NES (strepto-
cocci; Rowbotham, 2015). In our study, despite rela-
tively few mastitis events, survival time to incidence of
CM tended to be longer for primiparous cows bedded
with NES as compared with primiparous cows bedded
with RS or DBMS, but was similar to primiparous cows
housed in pens containing SBMS. Overall, our results
agree with earlier results of lesser rates of CM among
cows on farms using inorganic bedding than on farms
using organic bedding (Hogan et al., 1989), but also
indicate that organic bedding materials may pose less
risk as a bedding source for primiparous cows.

CONCLUSIONS

The proportion of SM samples that were CNEG was
numerically greater in quarters of primiparous cows
bedded with NES and DBMS as compared with those
bedded with RS and SBMS. A tendency was observed
for a lesser IRCM for quarters of primiparous cows bed-
ded with NES as compared with cows on other bedding
types, and survival time to first case of CM was greater
for quarters of primiparous cows bedded with NES
than RS or DBMS despite the occurrence of few cases
of CM during the study. Correspondingly, far fewer
cases of CM were caused by gram-negative bacteria for
primiparous cows housed in pens containing NES than
in other bedding types. The relationships of longest
survival time to incidence of CM and numerically few-
est CPOS samples from quarters of primiparous cows
bedded with NES reinforces the advantages of bedding
with NES for our reference population of primiparous
Holsteins.
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