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ABSTRACT

Coagulase-negative staphylococci (CNS) are the
main cause of bovine intramammary infections (IMI)
in many countries. Despite a high prevalence of CNS
IMI at parturition, species-specific risk factor studies,
relying on accurate identification methods, are lacking.
Therefore, this observational study aimed at determin-
ing the prevalence and distribution of different CNS
species causing IMI in fresh heifers and dairy cows in
Flemish dairy herds and identifying associated species-
and subgroup-specific risk factors at the herd, cow, and
quarter level. The effect on udder health was inves-
tigated as well. Staphylococcus chromogenes, S. sciuri,
and S. cohnii were the most frequently isolated species.
The only CNS species causing IMI in fresh heifers and
dairy cows in all herds was Staphylococcus chromogenes,
whereas large between-herd differences in distribution
were observed for the other species. Quarters from heif-
ers and quarters with an inverted teat end had higher
odds of being infected with S. chromogenes, S. simu-
lans, or S. zylosus as well as with S. chromogenes solely.
Prepartum teat apex colonization with S. chromogenes
increased the likelihood of S. chromogenes IMI in the
corresponding quarters at parturition. Quarters with
dirty teat apices before calving were more likely to be
infected with S. cohnii, S. equorum, S. saprophyticus,
or S. sciuri, supporting the environmental nature of
these CNS species. Three species (S. chromogenes, S.
simulans, and S. zylosus) were associated with a higher
quarter somatic cell count at parturition as compared
with uninfected quarters.

Key words: dairy cattle, mastitis, coagulase-negative
staphylococci, risk factor

INTRODUCTION

Coagulase-negative staphylococci are the most preva-
lent cause of bovine IMI in many countries and are
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predominantly found in milk samples of fresh heifers
(De Vliegher et al., 2012). Recent work has shown that
CNS are, in many aspects, not a homogeneous group
(Vanderhaeghen et al., 2014, 2015). Because Staphylo-
coccus chromogenes is the most prevalent species caus-
ing bovine IMI and is rarely isolated from the bovine
environment (Piessens et al., 2011, 2012), a host-adapt-
ed nature is assumed. In turn, Staphylococcus cohnii,
Staphylococcus equorum, Staphylococcus saprophyticus,
and Staphylococcus sciuri are more commonly pres-
ent in environmental habitats (Piessens et al., 2011)
than in milk (Piessens et al., 2011; Supré et al., 2011;
Fry et al., 2014), indicating an environmental ecology.
Furthermore, S. chromogenes, Staphylococcus simulans,
and Staphylococcus zylosus have a more substantial ef-
fect on udder health than other species. They can cause
a considerable increase in quarter SCC (Supré et al.,
2011; Fry et al., 2014). Species-specific distribution of
CNS in fresh cows and heifers from different Flemish
dairy herds has not yet been described.

Despite the high prevalence of CNS IMI, only a few
studies have focused on the identification of associated
risk factors. One recent study identified CNS group-spe-
cific predictors using molecular identification, yet solely
concerned CNS IMI throughout lactation (De Visscher
et al., 2015). Other studies only included fresh heifers
(Piepers et al., 2011; Verbeke et al., 2012; Passchyn et
al., 2014) or were conducted at the CNS group level
(Sampimon et al., 2009; Piepers et al., 2011; Verbeke
et al., 2012; Passchyn et al., 2014). The need exists
to identify species-specific risk factors for CNS IMI.
However, large studies are required to reach a sufficient
number of isolates per species for this purpose. In the
absence of adequate numbers, it is defensible to create
subgroups of species; for example, based on a common
effect on udder health, a common ecological nature,
or a common epidemiological behavior. This approach
at least circumvents studying CNS as a group, as was
commonly done in earlier studies, and respects recent
findings indicating that CNS are not a homogeneous
group.

This observational study aimed at (1) determining
the species-specific prevalence and distribution of CNS
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IMI in fresh heifers and cows in Flemish dairy herds,
(2) assessing the variance components of subgroup-
and species-specific IMI, and (3) identifying associ-
ated subgroup- and species-specific herd-, cow-, and
quarter-level risk factors. In addition, (4) the effect on
the quarter milk SCC in early lactation was studied for
several species.

MATERIALS AND METHODS
Herd and Cows

Thirteen commercial Flemish dairy herds were select-
ed by convenience and included in this observational
study. Herd inclusion criteria were (1) participation in
the DHI program in Flanders on an annual basis with
an interval of 4 to 6 wk between 2 test-days (CRV,
Arnhem, the Netherlands), (2) no prepartum antibiotic
treatment of heifers, and (3) the use of Al to predict
the expected calving date as accurately as possible. On
each farm, 12 end-term heifers and dry cows per herd
(total n = 156) were randomly selected in accordance
with the proportion of lactating heifers and cows at
the start of the study period (July 2012), resulting in
a total of 53 end-term heifers and 103 dry cows. The
total study period lasted until February 2013. Detailed
herd and cow information can be found elsewhere (De
Visscher et al., 2016).

Samples and Data Collection

Within 4 d after parturition, quarter milk samples
(total n = 624) were aseptically collected following the
guidelines of the National Mastitis Council (Hogan
et al., 1999) for bacteriological culturing, and quarter
milk SCC (qSCC) was determined. Milk samples were
transported under cooled conditions (4°C) to the Mas-
titis and Milk Quality Research Laboratory (Faculty
of Veterinary Medicine, Ghent University, Merelbeke,
Belgium). Quarter milk SCC were immediately deter-
mined using a Direct Cell Counter (DCC, DeLaval,
Gent, Belgium).

Various herd- and cow-level risk factors potentially
associated with CNS subgroup- or species-specific IMI
at parturition were recorded or collected via a question-
naire at the start of the study period (July 2012) (Table
1). The DHI records allowed us to calculate the herd
size. On average, there were 57 (range = 30-95) milking
cows and heifers per herd (arithmetic mean of the 6 last
test-day samples) at the start of the sampling period.
Categorization of the herd size was based on the me-
dian value of all calculated aforementioned arithmetic
means: smaller herds (i.e., <60 lactating animals) and
larger herds (i.e., >60 lactating animals). Bulk milk
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SCC were available through the bulk milk quality data
of the Milk Control Centre Flanders (MCC Flanders,
Lier, Belgium) and recoded into lower bulk milk SCC
(i.e., <200,000 cells/mL) and higher bulk milk SCC
(i.e., >200,000 cells/mL) according to Schukken et al.
(2009).

At each sampling of fresh cows and heifers (i.e., with-
in 4 d after calving), other potential cow- and quarter-
level variables were recorded (Table 1). The Royal
Meteorological Institute of Belgium records monthly
ambient temperature (°C) and precipitation (L/m?).
Classification of temperature and precipitation was
based on the median of all monthly values during the
study period (from July 2012 to February 2013); that
is, 10°C and 59.35 L/m? respectively. Scoring of teat
apex condition was performed based on a visual scoring
system (Neijenhuis et al., 2000) and recoded afterward
into a good condition, a protuberant teat end, or an
inverted teat end. Teat skin condition was scored visu-
ally into either “little grooves” (i.e., normal, smooth,
soft, healthy, shallow grooves) or “many grooves” (i.e.,
more dry, rough and with deeper grooves). Fourteen
days before expected calving date, swabs of teat apices
(n = 624) were collected.

Laboratory Analyses

All quarter milk samples (n = 624) were plated on
mannitol salt agar (MSA; Oxoid, Aalst, Belgium; 1
quadrant per milk sample) and aerobically incubated at
37°C (De Visscher et al., 2013) to recover CNS. Plates
were examined after 24 and 48 h. All phenotypically
different colony types were counted, and 1 colony per
colony type was picked up and subcultured on esculin
blood agar (1 quadrant per colony; Oxoid) to obtain
pure cultures. All potential CNS isolates were stored at
—80°C for subsequent analysis or immediately identi-
fied to the species level using transfer RNA intergenic
spacer PCR (tDNA-PCR) or sequencing of the 16S
rRNA gene if no identification was obtained (Supré et
al., 2009). All quarter milk samples were additionally
plated on esculin blood agar (Oxoid) and MacConkey
agar (Oxoid) and examined according to the guidelines
of the National Mastitis Council (Hogan et al., 1999).
This information was used only to exclude quarters also
infected with any major pathogen (Staphylococcus aure-
us, Streptococcus agalactiae, Streptococcus dysgalactiae,
Streptococcus uberis, other esculin-positive streptococci,
Escherichia coli, Klebsiella, Pseudomonas, yeast and
molds) from the subsequent statistical analyses.

All teat swabs were plated on MSA as described by
De Visscher et al. (2016) and examined as described
above to identify the CNS species colonizing teat apices
before parturition.
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Defining Quarter IMI Status

Quarters were considered infected with a specific
CNS species when >1 cfu/0.01 mL of milk of this spe-
cies was observed on MSA, according to the definition
of Dohoo et al. (2011), to maximize the sensitivity.
Quarters infected with >3 genotypically different CNS
species or with (a) major pathogen(s), were excluded
from the subsequent statistical analyses.

Descriptive and Risk Factor Analysis

The prevalence and herd-specific distribution of all
CNS species at parturition was first computed. Before
analyses were performed, observations were checked for
unlikely values. Complete data were available from 608
quarters of 99 fresh cows and 53 fresh heifers. Dry-cow
treatment information of 3 cows of the same herd was
missing. The cows were purchased by the current owner
during their dry period. Also, some data were miss-
ing due to loss of one questionnaire. However, the cow
belonged to a different herd than the 3 other cows of
which the dry cow treatment data were lacking.

Logistic multilevel regression models were fit (ML-
wiN 2.16, Centre for Multilevel Modeling, University of
Bristol, Bristol, UK) as follows:

Y ~Binomial (),
Logit (1) = Bogr + 81Xy + Vor + U,

Var (Y,;]'k | Trijk) = ﬂijk(l

(s 04) and u,y ~Normal (pg, o),

— ) with vg, ~Normal

where Y is the infectious status of quarter 7 from cow
J and herd k, and m; the probability of this quarter
(1) being infected at parturition with S. chromogenes,
S. simulans, or S. zylosus, the so-called more relevant
CNS species, or uninfected, or infected with another
CNS species; (2) being infected or not at parturition
with the so-called host-adapted species S. chromogenes;
and (3) being infected or not at parturition with a so-
called environmental species; that is, S. cohnii, S. equo-
rum, S. saprophyticus, or S. sciuri. Y is a function of
the explanatory variable X through the logit function,
and approximately follows a binomial distribution;
Boix is the intercept; that is, the baseline probability
of infection when all predictors are equal to zero; (3,
is the regression coefficient for explanatory variable
X; vop and u,j are the herd and cow random effects,
respectively, and approximately follow normal distribu-
tions with respective variances o) and o;. Reweighted
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iterative generalized least squares and first-order penal-
ized quasi-likelihood estimation methods were used to
estimate these models.

The proportion of variation for the outcome variables
at the herd, cow, and quarter levels was first estimated
using null hierarchical models (i.e., models with only
random effects and no fixed predictors). The variance
at the quarter level was assumed 7 /3, as described by
Goldstein et al. (2002).

Then, univariable models examining associations
between the outcome variables and the independent
variables (potential risk factors, see Table 1) were fit to
select variables associated with each outcome. Statisti-
cal significance was assessed at P < 0.15. Afterward,
Spearman correlation coefficients among the statisti-
cally significant variables were calculated to identify
multi-collinearity in the multivariable models. One out
of 2 variables was selected, according to biological rel-
evance, for further analysis if a correlation coefficient
>|0.6] was calculated. Next, multivariable models were
fit for the significant variables from the univariable
analysis using backward stepwise elimination with
statistical significance assessed at P < 0.05. Biologi-
cally relevant interaction terms were tested between all
remaining statistically significant risk factors and kept
in the final multivariable model when significant (P <
0.05). Also, confounding was investigated using classic
epidemiological criteria. A factor was considered a con-
founder if its removal caused a relative change >25%
in the regression coefficients of the remaining variables
or with a regression coefficient between —0.4 and 0.4 if
and absolute change >0.1 was observed (Noordhuizen
et al., 2001).

To test the fitness of all final models, the observa-
tional-level standardized residuals were plotted against
the observational-level predicted values. Additionally,
Hosmer-Lemeshow goodness-of-fit tests were assessed
on the fixed effect models only (version 9.3, SAS Insti-
tute Inc., Cary, NC; Dohoo et al., 2009). The test was
never statistically significant, indicating good fit of our
models.

Odds ratios (OR) and the 95% CI were calculated to
present the magnitude of the associations.

Effect on Quarter Milk SCC

A linear mixed regression model was fit (MLwiN
2.16, Centre for Multilevel Modeling) to determine the
association between subgroups of CNS species and the
natural log-transformed qSCC, as follows:

Yir = Boir + B1Xaie + BoXoyn + Vor + Ui + Eijis
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where Y is the natural log-transformed qSCC of quar-

ter i from cow j and herd k; Yj; is a function of the
explanatory variables X; and X, and approximately
follows a normal distribution; X, is the fixed effect of
the infectious status of the quarter (3 levels: uninfected,
infected with the less-relevant CNS, infected with the
more-relevant CNS species; i.e., S. chromogenes, S.
simulans, or S. zylosus); X, is the fixed effect to adjust
for the day of sampling (3 levels: first day, second day,
third day or later); B is the intercept (overall mean);
B; and (3, are the regression coefficients for explana-
tory variables X; and X,, respectively; vi; and u, are
the herd and cow random effects, respectively, and
approximately follow normal distributions with respec-
tive variances o, and oy; and g, is the random error
term, assumed to be normally distributed with mean 0
and variance o°. Reweighted iterative generalized least
squares were used to estimate the model. Quarters in-
fected with a major pathogen were excluded from this
data set.

RESULTS
Distribution

Thirty-four percent (n = 211 out of 624 quarters) of
all quarter milk samples collected at parturition yielded
growth on MSA. Per plate, 0 to 5 phenotypically differ-
ent colony types were present. After tDNA-PCR or se-
quencing of the 16S rRNA gene, several different colony
types represented the same CNS species, resulting in
19 different species and 191 CNS isolates available for
further analysis.

Twenty-six percent of all quarters (n = 163 of 624
quarters) were infected at parturition with 1 or 2 dif-
ferent CNS species. Staphylococcus chromogenes (13%
of all quarters and 41% of all isolates; n = 79) was
the predominant species, followed by S. sciuri (4 and
13%, respectively; n = 25), S. cohnii (3 and 11%,
respectively; n = 20), S. equorum (2 and 7%, respec-
tively; n = 14), S. aylosus (2 and 7%, respectively; n
= 13), and S. haemolyticus (1 and 5%, respectively; n
= 9). Phenotypic or genotypic identification revealed
84 non-CNS-isolates on MSA belonging to the phyla
Firmicutes (Aerococcus spp., n = 3; Bacillus spp., n =
43; Jeotgallicoccus spp., n = 1; Staphylococcus aureus,
n = 5; Streptococcus spp., n = 22) and Proteobacteria
(Pseudomonas, n = 8; Psychrobacter, n = 2).

In each herd, between 3 (herd 9) and 10 (herd 6)
different CNS species were isolated. The only CNS
species causing IMI at parturition in all herds was S.
chromogenes. Staphylococcus sciuri and S. xylosus were
infecting quarters in 10 herds, whereas S. cohnii and
S. equorum both caused IMI in 7 herds. Staphylococcus

haemolyticus could only be isolated from IMI in 6 herds.
Other species were only causing IMI on a minority of
farms (Table 2 and Figure 1).

The majority of fresh heifers (74%, n = 39 of 53 heif-
ers) were diagnosed with a CNS IMI at parturition in at
least one quarter, whereas only half of the multiparous
cows were infected with CNS (46%, n = 47 out of 103
multiparous cows). Thirty-seven percent (n = 79 of 212
quarters) and 20% (n = 84 of 412 quarters) of all quar-
ters of heifers and older cows, respectively, had a CNS
IMI. Staphylococcus hyicus only caused IMI in quarters
from heifers whereas S. auricularis, S. capitis, S. devri-
esei, S. hominis, S. lentus, S. pasteuri, S. vitulinus, and
S. warnert were only isolated from IMI from quarters
from multiparous cows (Table 2). All aforementioned
species were, however, only rarely present in quarter
milk at parturition. A considerably higher percentage
of heifers had quarters infected with the more-relevant
CNS (S. chromogenes, S. simulans, and S. zylosus; 60%
heifers, n = 32 out of 53 heifers and 28% quarters, n
= 60 out of 212 quarters) as opposed to multiparous
cows (27% cows, n = 28 out of 103 older cows and 8%
quarters, n = 35 out of 412 quarters). An almost equal
number of heifers and multiparous cows harbored an
environmental species (30% heifers, n = 16 out of 53
heifers and 11% quarters, n = 23 out of 212 quarters
vs. 28% cows, n = 29 out of 103 older cows and 9%
quarters, n = 38 out of 212 quarters). In contrast, S.
chromogenes was predominantly isolated from quarters
from heifers compared with multiparous cows (51%
heifers, n = 27 of 53 heifers and 25% quarters, n = 53
of 212 quarters versus 19% cows, n = 20 of 103 older
cows and 6% quarters, n = 26 of 412 quarters; Table 2).

Risk Factors

For “IMI with relevant species” and “IMI caused by
S. chromogenes only,” no variation occurred at the herd
level, whereas for “IMI with the environmental species,”
variation was observed at all 3 levels in the null model
(Table 3).

Fitting the univariable models revealed 7 cow-level
and 2 quarter-level risk factors to be associated with
IMI at parturition both with the more relevant species
as well as with S. chromogenes only. Only 3 cow-level
factors were unconditionally associated with IMI with
the so-called environmental species (Table 4). The risk
factors “antimicrobials” (reflecting whether narrow- or
broad-spectrum antibiotics were used at drying off)
and “parity” were correlated (Spearman rho = 0.85).
The latter was expected as no antibiotics were adminis-
tered to end-term heifers, which is in contrast with the
multiparous cows, where all except one cow received
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antibiotics at drying off. Only “parity” was used in the the host-adapted species, as opposed to multiparous
subsequent models. cows (OR = 3.9; 95% CI: 2.2-7.0 and OR = 4.2; 95%

Table 5 presents results from the final multilevel, CI: 2.1-8.3, respectively). Quarters with an inverted
multivariable logistic regression models. Quarters from teat end had increased odds of being infected with the
heifers were more likely to be infected with the more- more relevant species and solely S. chromogenes com-
relevant species and with S. chromogenes, representing pared with quarters with a good teat end condition (OR

@
I

“J
T

2

n
T

=
I

Percentage (%)

w
T

20+

Figure 1. Species distribution of the most frequently isolated CNS causing IMI at parturition in 13 Flemish dairy herds: percentages of quar-
ters positive for a certain CNS species per herd among the total number of quarters positive for a certain CNS species are shown. Percentages
are divided according to the proportion of IMI from fresh heifers (dark gray) and fresh dairy cows (light gray), respectively, caused by a certain
species per herd.
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Table 3. Variance components at the herd, cow, and quarter levels of the null models for IMI with (subgroups of) CNS species’

S. chromogenes, S. simulans,

S. cohnii, S. equorum, S.

S. xylosus S. chromogenes saprophyticus, S. sciuri

(n = 95) (n = 79)" (n = 61)
Level Var. est.” SE % Var. est. SE % Var. est. SE %
Herd 0.00 0.00 0.0 0.00 0.00 0.0 0.30 0.25 6.9
Cow 1.23 0.38 27.2 1.73 0.51 34.5 0.78 0.44 17.8
Quarter 3.29 — 72.8 3.29 — 65.5 3.29 — 75.3
Total variance 4.52 100 5.02 100 4.37 100

1S. chromogenes, S. simulans, and S. zylosus represent the CNS species more relevant for udder health; S. chromogenes is representative for the
host-adapted species, and S. cohnii, S. equorum, S. saprophyticus, and S. sciuri represent environmental species.

2. .
Variance components.

Table 4. Univariable, multilevel logistic regression models' for IMI at parturition with (subgroups of) CNS species®

S. simulans, S. zylosus

S. chromogenes,

S. chromogenes

S. cohnii, S. equorum, S.
saprophyticus, S. sciuri

(n = 95) (n="79) (n = 61)
Independent variable Nuens® Nens't OR® 95% CI N% Nexs OR 95% CI N, News OR  95% CI
Herd level
Herd size
Smaller 244 44 Ref. 214 40 Ref. 214 27 Ref.
Larger 285 51 099 0.55 1.8 247 39 0.83 042 1.7 247 34 1.2 047 3.0
Bulk milk SCC
Lower 280 56 Ref. 241 47 Ref. 241 34  Ref.
Higher 249 39 0.82 0.45 1.5 220 32 0.77 039 1.5 220 27 0.80 0.32 2.0
Cow level
Housing
Cubicles 328 72 Ref* 280 60  Ref.* 280 46  Ref.*
Deep litter 201 23 0.53 0.28 1.0 181 19 0.52 025 1.1 181 15 0.50 0.22 1.1
Pasture access
No 44 16 Ref.* 32 15  Ref* 32 9  Ref.
Yes 485 79 0.44 0.18 1.1 429 64 0.31 0.11 0.86 429 52 046 0.14 1.5
Contact
No 246 30 Ref.* 215 25 Ref.* 215 26 Ref.
Yes 283 65 19 18 20 246 54 1.8 091 3.7 246 35 1.2 058 2.5
Breed
Black and white HE’ 447 81 Ref. 384 66 Ref. 384 58 Ref*
Red and white HF 82 14 0.91 0.40 2.1 77T 13 0.90 0.35 2.3 7 3 027 007 1.1
Parity
>Second lactation 377 35 Ref.* 328 26 Ref* 328 38 Ref.
First lactation 152 60 43 24 76 133 53 50 2.6 10.0 133 23 1.5 075 2.8
Vitamins
No 85 11 Ref. i 9 Ref. 7 8  Ref.
Yes 444 84 1.4 058 3.2 384 70 1.4 054 38 384 53 14 038 5.0
Antimicrobials®
No 156 60 Ref.* 137 53 Ref.* 137 23 Ref.
Narrow spectrum 215 17 0.20 0.10 041 187 13 0.17 0.08 0.40 187 24 0.69 0.33 1.5
Broad spectrum 148 16 0.28 0.13 0.59 128 11 0.23 0.09 056 128 13 073 0.29 18
Teat sealer®
No 373 79 Ref.* 330 65  Ref* 330 42 Ref.
Yes 146 14 0.44 0.21 0.95 122 12 0.52 021 1.2 122 18 1.1 0.46 24
Teat disinfection
No 404 68 Ref. 351 56 Ref. 351 49  Ref.
Yes 125 27 1.3  0.68 2.57 110 23 14 0.65 3.0 110 12 091 037 23
Calving pen
Straw 512 92 Ref. 448 76 Ref. 448 61 Ref.
Pasture 17 3 1.0 0.19 5.29 13 3 1.6  0.26 10.0 13 — — —
Ease of calving
Unassisted 260 40 Ref.* 231 36 Ref. 231 25 Ref.
Easy pull 204 32 1.1 0.56 2.07 175 25 0.96 045 2.1 175 27 1.3  0.65 2.6
Hard pull 65 23 24 1.0 5.3 55 18 2.1 081 5.6 55 9 1.4 050 3.8
Continued
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Table 4 (Continued). Univariable, multilevel logistic regression models' for IMTI at parturition with (subgroups of) CNS species®

S. chromogenes,
S. simulans, S. zylosus

S. cohnii, S. equorum, S.

S. chromogenes saprophyticus, S. sciuri

(n = 95) (n=179) (n =61)
Independent variable Nuens® Nens' OR® 95% CI N,® Nens OR 95% CI N, Naws OR - 95% CI
BCS"
<25 45 7 Ref. 35 7 Ref. 35 9  Ref.
2.5-3 453 83 1.1 0.38 34 397 68 0.80 0.24 2.7 397 51 — — —
>3 28 4 0.84 0.15 4.8 27 4 0.63 0.09 4.3 27 0 — — —
Hygiene'”
Very clean 70 6  Ref. 68 4  Ref* 68 2 Ref*
Slightly dirty 222 34 1.7 057 5.2 197 29 23 061 84 197 21 1.2 047 3.0
Dirty 234 54 2.6 088 7.6 194 46 0.90 045 1.8 194 37 6.4 1.3 30.9
Temperature
Low 84 20 Ref. 72 17 Ref. 72 13 Ref.
High 445 75 0.74 0.35 1.6 380 62 0.72 030 1.8 389 48 0.71 0.30 1.7
Precipitation
Low 385 71 Ref. 338 59 Ref. 338 42 Ref.
High 144 24 0.87 0.44 1.7 123 20 092 042 2.0 123 19 14 066 2.8
Quarter level
Quarter position
Front 261 51  Ref. 230 41 Ref. 230 28  Ref.
Hind 268 44 0.83 0.52 1.3 231 38 0.92 055 1.5 231 33 1.2 066 2.0
Teat end condition'
Good 461 64 Ref* 403 51  Ref* 403 47  Ref.
Protuberant 10 3 1.8  0.37 9.0 9 3 1.8 0.31 10.5 9 0 — — —
Inverted 55 27 3.6 045 1.5 47 25 4.2 1.8 9.8 47 13 — —  —
Teat skin condition'
Little grooves 300 51  Ref. 266 43 Ref. 266 28  Ref.
Many grooves 226 43 1.1 063 2.1 193 36 1.2 0.60 23 193 32 1.4 070 2.7
Teat apex colonization
Not colonized 152 24 Ref.* 133 20  Ref.* 133 22 Ref.
Colonized with another species'' 274 40 0.96 0.52 1.8 261 32 0.89 044 1.8 218 25 0.56 0.28 1.1
Cologized with the same 103 31 1.9 098 3.8 67 27 3.0 1.3 6.6 110 14 0.66 0.29 1.5
species

!Cow and herd included in all models as random effects to correct for potential clustering of quarters within cows and cows within herds.

%S, chromogenes, S. simulans, and S. zylosus represent the CNS species more relevant for udder health; S. chromogenes is representative of host-
adapted species, and S. cohnii, S. equorum, S. saprophyticus, and S. sciuri represent environmental species.

*Number of quarters uninfected with CNS or infected with species other than the one of the subgroup at parturition.
‘Number of IMI at parturition caused by different subgroups of CNS, respectively.

®0dds ratios are presented; Ref. = reference category per risk factor.
*Number of quarters uninfected with CNS at parturition.

"Holstein Friesian.

$Missing data from 3 dry cows.

“Model did not converge due to too low numbers.

"Missing data from 1 dry cow.

"'Colonized with species other than the ones of the subgroups, respectively.

2Colonized with species of the different subgroups, respectively.

*Qverall P-value of the risk factor (all categories compared with the Ref. category) is <0.15.

= 2.8; 95% CI: 1.4-5.9 and OR = 3.7; 95% CI: 1.5-8.8,
respectively). Quarters with teat apices colonized with
S. chromogenes before calving had higher odds of being
infected at parturition with this same species (OR =
3.3; 95% CI: 1.4-7.5). Quarters with dirty teat apices
were more likely to be infected with an environmental
CNS species (OR = 6.4; 95% CI: 1.3-30.9) compared
with quarters with clean teats. In contrast, IMI with
S. chromogenes, representing the host-adapted species,
were not significantly associated with the hygiene of
the teats.

Post Hoc Power Calculation

A post hoc power calculation was conducted at the
quarter level first. The more-relevant species, the host-
adapted species, and the so-called environmental spe-
cies were frequently isolated subgroups of CNS species:
approximately 61 to 95 quarters were infected with
those subgroups. With 61 positive quarters and 461
control quarters (the model concerning the environmen-
tal species), an association corresponding to an OR of
2.0 (o = 0.05), assuming 20 and 50% exposure among

Journal of Dairy Science Vol. 99 No. 8, 2016
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controls, was detected with 64.6 and 69.7% power, re-
spectively. With 95 positive quarters and 529 control
quarters (the model concerning the more-relevant spe-
cies), an association corresponding to an OR of 2.0 (o =
0.05), assuming 20 and 50% exposure among controls,
was detected with 79.8 and 86.2% power, respectively
(Sampsize software, http://sampsize.sourceforge.net/
iface/s3.html).

Second, a post hoc power calculation was performed
at the cow level. Approximately 43 to 57 cows and
heifers were infected with the subgroups of the envi-
ronmental and more-relevant CNS species, respectively.
With 43 animals being infected and 109 control animals
(the model concerning the environmental species), an
association corresponding to an OR of 2.0 (o = 0.05),
assuming 20 and 50% exposure among controls, was de-
tected with 41.6 and 45.7% power, respectively, whereas
with 57 animals being infected and 95 control animals
(the model concerning the more-relevant species), the
power was 45.6 and 52.1%, respectively (Sampsize soft-
ware, http://sampsize.sourceforge.net /iface/s3.html).

Clustering of observations was not taken into account
for these calculations, potentially overestimating the
power.

Quarter Milk SCC

The geometric mean qSCC at parturition were 218
x 10° cells/mL (range = 8 x 10° to 5,596 x 10" cells/
mL), 173 x 10° cells/mL (range = 20 x 10° to 5,887 x
10° cells/mL) and 442 x 10° cells/mL (range = 37 x
10” to 5,093 x 10” cells/mL) for the uninfected quarters
(n = 409), the quarters infected with the less-relevant
CNS (n = 58), and the quarters infected with the more-

Table 6. Final multilevel linear regression model' describing
subgroups of CNS species at parturition associated with the natural
log-transformed quarter SCC

Independent variable B2 SE 95% CI P-value®
Intercept 5.77 0.16 <0.001
Infectious status® <0.001
Noninfected Ref.
Less relevant CNS —0.03 0.15 0.72 1.3
More relevant CNS 0.79 0.14 1.7 2.9
Days in milk <0.001
1st day Ref.
2nd day —-0.15  0.23  0.55 14
3rd day or later —0.72 0.18 0.34  0.69

'Cow and herd included in the model as random effects to correct for
potential clustering of quarters within cows and cows within herds.

*Regression coefficient; Ref. = reference category.
#P-value for the overall effect.

1S. chromogenes, S. simulans, and S. zylosus represent the CNS species
more relevant for udder health; CNS species other than those 3 are
considered less relevant for udder health.

relevant CNS species (S. chromogenes, S. simulans, and
S. xylosus; n = 86), respectively. Quarters infected at
parturition with the more relevant CNS species had
a significantly higher qSCC compared with uninfected
quarters (i.e., 528 x 10° cells/mL vs. 240 x 10° cells/
mL (LSM = 6.3 vs. LSM = 5.5). The ¢SCC at par-
turition of quarters infected with a less-relevant CNS
species was not different from the gSCC of uninfected
quarters (i.e., 235 x 10° cells/mL vs. 240 x 10” cells/
mL (LSM = 5.5 vs. LSM = 5.5; Table 6).

DISCUSSION

This large observational study describes the species-
specific prevalence and distribution of CNS IMI imme-
diately after parturition in both heifers and multiparous
cows in several Flemish dairy herds and substantiates
the relevance for udder health of some of the CNS spe-
cies. For the first time, potentially associated subgroup-
and species-specific risk factors for IMI at calving were
investigated. Including a large number of quarters and
the use of molecular speciation provide valuable and
precise information on CNS IMI in fresh cows and heif-
ers and adds to the existing knowledge on the ecology
and epidemiology of bovine-associated CNS.

The percentage of CNS-infected quarters of fresh
heifers (37%) approached the 36% (Rajala-Schultz et
al., 2004) and 35% (Piepers et al., 2010) of previous
studies, exceeded the 10% of Compton et al. (2007),
but was lower than the high prevalence of 74% reported
by Taponen et al. (2007). In the latter study, however,
samples were collected on the day of calving. The prev-
alence of CNS-infected quarters of multiparous cows
(20%) was almost identical to the 16% (Rajala-Schultz
et al., 2004) and 20% (Taponen et al., 2007) reported
by other research groups.

The most prevalent species at parturition was S.
chromogenes, confirming earlier reports (Taponen et
al., 2007; Rajala-Schultz et al., 2009). Staphylococcus
sciuri was the second most frequently isolated species,
but was rarely isolated in previous genotypic work,
collecting milk samples within 2 wk after calving
(Fry et al., 2014). The same was true for S. equorum.
Staphylococcus cohnii, S. xylosus, and S. haemolyticus
were commonly identified by the current study and by
Fry et al. (2014). We rarely observed S. simulans and
S. epidermidis, which might be related to the limited
number of herds in our study (n = 13) compared with
the Fry et al. (2014) study (n = 89) or to a country- or
region-dependent CNS microbiota.

We observed no between-herd variation in the null
hierarchical models when investigating IMI with the
relevant species (mainly S. chromogenes) and with S.
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chromogenes only, which can be explained by the fact
that S. chromogenes caused IMI in all herds. In con-
trast, variation existed both between cows and between
herds in the null model with IMI caused by environ-
mental species as outcome variable, suggesting at least
some more variation in management practices between
the herds. A greater number of herds and a random,
instead of convenient, selection procedure could have
resulted in more diverse management styles and could
have increased the variation residing at the herd level.

Our post hoc power calculation indicated that at
the cow level, only a strong association would be sig-
nificantly different from 1. A higher number of animals
included in the study could have resulted in a larger
number of significant cow-level risk factors.

Supplementation with vitamins, ease of calving
(Passchyn et al., 2014), and teat dipping before par-
turition (Piepers et al., 2011) have been associated
with the likelihood of CNS IMI in heifers, but were not
important in the current study. The same was true for
pasturing during the outdoor season (Sampimon et al.,
2009). On the other hand, housing can influence hy-
giene, which is associated with increasing odds of CNS
IMT in heifers at parturition (Piepers et al., 2011). The
latter observation again reinforces the environmental
ecology of S. cohnii, S. equorum, S. saprophyticus, and
S. sciuri, and emphasizes the value of studying CNS
at the subgroup or species level. The more-relevant
species were significantly more frequently observed in
milk from quarters with an inverted teat end. Teat end
shape has previously been linked to a higher prevalence
of IMI (Seykora and McDaniel, 1985). Milk deposits
on the teat end most likely provide a good growth sub-
strate for bacteria, and a larger diameter of the streak
canal, associated with inverted teats, allows easier ac-
cess for bacteria.

Teat apex colonization with S. chromogenes signifi-
cantly increased the odds of S. chromogenes IMI at par-
turition, a phenomenon that was not observed for the
other species (data not shown). The latter illustrates
the host-adapted nature of S. chromogenes—teat apices
might act as a habitat for host-adapted species. This
has been suggested before for S. aureus IMI at parturi-
tion (Roberson et al., 1994) and for S. chromogenes IMI
throughout lactation (Taponen et al., 2008). An earlier
study from our group focusing on S. chromogenes but
not using molecular speciation did not demonstrate this
link (De Vliegher et al., 2003). To reach better conclu-
sions, strain typing of all isolates should be performed
and is currently ongoing.

It has previously been shown that CNS-infected
quarters have a higher SCC compared with negative
control quarters (Taponen et al., 2007; Gillespie et al.,
2009; Schukken et al., 2009). However, recent research
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reported an effect on the qSCC depending on the CNS
species involved (Sampimon et al., 2009; Thorberg et
al., 2009; Simojoki et al., 2011). Our findings confirm
this variation between species. In fact, the more-
relevant species (S. chromogenes, S. simulans, and S.
zylosus) induced a higher qSCC at parturition, as has
been reported previously (Supré et al., 2011; Fry et al.,
2014; De Visscher et al., 2015). We also confirmed that
quarters infected with species other than the so-called
relevant ones have a qSCC that is not different from
that of uninfected quarters (Supré et al., 2011; Fry et
al., 2014). A limitation of CNS research is the fact that
sensitivity can reach a maximum of 86.7% (Dohoo et
al., 2011), indicating that some quarters classified as
negative can be CNS infected. The latter might explain
the high qSCC of the negative quarters observed in this
study. However, to avoid an effect of a major pathogen
on the qSCC, all quarters infected with a major patho-
gen were removed from the data set.

CONCLUSIONS

Staphylococcus chromogenes, S. sciuri, and S. cohnii
were the predominant species causing IMI in fresh
heifers and dairy cows. The only CNS species isolated
from milk in all herds was S. chromogenes; the presence
of other species differed by herd. The environmental
nature was supported for S. cohnii, S. equorum, S.
saprophyticus, and S. sciuri, whereas the host-adapted
nature of S. chromogenes was substantiated. Prepartum
teat apex colonization with S. chromogenes increased
the likelihood of S. chromogenes IMI in the correspond-
ing quarters at parturition. The more relevant species
increased quarter SCC at parturition compared with
uninfected quarters.
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