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ABSTRACT

The dry period is acknowledged as playing a key
role in mastitis epidemiology and yet surprisingly few
studies have explored dry period infection dynamics in
detail. The aim of this study was to investigate the
dynamics of intramammary infection across a cohort
of dairy herds in Europe. Five hundred and twenty-
two cows were recruited from 12 farms in 6 European
countries. All cows received antibiotic dry cow therapy
but teat sealants were not used. All quarters of all cows
were sampled for bacteriology at drying off and in the
week immediately postcalving. Two ipsilateral quarters
were also sampled for bacteriology in each cow 2 and 6
wk after drying off. Cows were body condition scored
and teats assessed for cleanliness at all sampling time
points and for the presence of a keratin plug during
the dry period. Other cow-level parameters such as his-
toric somatic cell counts and milk yields before drying
off were collated from farm records. Univariable and
multivariable analyses were undertaken to investigate
the etiology, prevalence, and dynamics of infection dur-
ing the dry period and associated influential factors.
In summary, environmental mastitis pathogens pre-
dominated. Although gram-positive major pathogens
were typically well controlled and did not increase in
prevalence across the dry period, gram-negative patho-
gens generally increased in prevalence. There was an in-
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crease in the number of quarters that yielded no growth
across the dry period, although this was driven by mi-
nor rather than major mastitis pathogen control. Other
than the presence of a gram-positive or gram-negative
pathogen 6 wk after drying off, the measured param-
eters were not influential when considering their effect
on the presence of pathogens postcalving. Analysis also
suggested that the early and mid dry period may be
more important with respect to the timing of acquisi-
tion of infection than previously thought. We observed
substantial variation in the etiology and prevalence of
different pathogens on different farms with, in all cases,
at least one of the 12 herds experiencing the opposite
of the others with respect to increases and decreases
in pathogen prevalence. Overall, this study confirms
the importance of the dry period in mastitis epidemi-
ology but highlights the importance of assessing and
understanding infection dynamics on individual units.
The lack of influence of the cow and quarter factors
measured in this study suggests that herd and manage-
ment factors may be more influential.

Key words: mastitis, dry period, intramammary in-
fection

INTRODUCTION

The importance of the nonlactating period in mas-
titis epidemiology has been recognized for many years,
and the need to control IMI at this time is reflected in
the historical importance and emphasis placed on the
use of antibiotic dry cow therapy (Bradley and Green,
2004). However, a relatively small number of studies
have attempted to investigate the detailed dynamics of
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IMI during the dry period. Smith et al. (1985) and Tod-
hunter et al. (1991) described the importance of the dry
period and infection during the dry period in an Ohio
dairy herd, with a particular emphasis on environmen-
tal mastitis pathogens. Similar work was undertaken in
a small cohort of dairy herds in Somerset in the UK in
the late 1990s (Bradley and Green, 2000) when a link
was more definitively established between infection in
the dry period and subsequent clinical mastitis (Green
et al., 2002). Further research defined some risk factors
but was limited by those parameters measured at the
time of the original research (Green et al., 2007).

Although the importance of the dry period is ac-
knowledged and a large number of clinical trials have
investigated the use of antibiotics (Robert et al., 2006)
and teat sealants (Rabiee and Lean, 2013), there is a
relative dearth of studies investigating factors influenc-
ing the likelihood of infection during the dry period,
with studies instead tending to focus on lactation. The
growing concern about antimicrobial resistance has led
to increased scrutiny of antibiotic use in agriculture.
Despite the importance of the dry period in mastitis
epidemiology, the blanket use of antibiotic dry cow
therapy is being challenged because its use is primarily
prophylactic in many cows. To successfully manage this
challenge, we need a better understanding of the risk
factors associated with infection during the dry period
so that we can improve or at least maintain levels of
control in the face of reduced antibiotic use.

Cow- and quarter-level risk factors associated with
the risk of IMI have included, among others, breed
(Brolund, 1985; Elbers et al., 1998), parity, yield at
drying off (Huxley et al., 2002; Dingwell et al., 2004),
dry period length, cow and udder hygiene (Schreiner
and Ruegg, 2003), teat end callosity (Breen et al.,
2009a,b), negative energy balance (Suriyasathaporn et
al., 2000), and SCC history and pathogen interaction
in the gland (Green et al., 2005), although there is not
universal agreement on the relative or absolute impor-
tance of many of these factors or their role during the
dry period.

Previous research has investigated the importance of
herd-level management factors across a large number
of herds in the UK on dry period outcomes and has
highlighted the importance of herd-level factors such
as environmental management, proactive BCS man-
agement, and dry cow therapy selection among others
(Green et al., 2007, 2008).

Despite the importance of the dry period, only a
small number of studies have investigated the dynamics
of IMI during the dry period by sampling during the
dry period and these have not attempted to proactively
investigate the effects of cow and quarter risk factors
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on dry period outcomes. The aim of this study was
to describe the prevalence and etiology of IMI, in the
nonlactating period, in a large cohort of cows, across
several farms across different jurisdictions in Europe
while collating cow- and quarter-level information to
facilitate an investigation of cow- and quarter-level fac-
tors influencing dry period outcomes.

MATERIALS AND METHODS
Herd and Cow Selection

A convenience sample of 12 herds was selected from
6 European countries (Belgium, France, Poland, Spain,
the Netherlands, and the United Kingdom) with the
aim of recruiting approximately 100 cows in each juris-
diction over a 12-mo period. Herds were selected on the
basis of relatively low bulk milk SCC, a willingness to
comply with the study protocol, and no fixed strategy
for the allocation of herd management numbers. Al-
though herds that did not use an internal teat sealant
were selected, no restrictions were placed on dry cow
therapy selection. All cows within each herd were eli-
gible for enrollment in the study. In large herds, 2 cows
were randomly selected for inclusion in the study each
week to ensure year-round recruitment. A standard op-
erating procedure, devised before the study, was used
to randomly select cows. In summary, this involved
selecting one even- and one odd-numbered cow (based
on management code) on each farm; where more than
one eligible cow was present, lots were drawn from a
cloth bag.

Study Protocol

Before commencement of the study, the key members
of the research team met to discuss the study protocol
and to agree and standardize the standard operating
procedures to be used. Although it was not possible to
perform on-farm training of investigators for cost and
logistical reasons, it was agreed that country-specific
practices would be ignored and the standard operating
procedures followed. All sampling and scoring was un-
dertaken by the authors or personnel who were present
at the prestudy meeting.

Sampling Strategy. Duplicate quarter lacteal secre-
tion samples were collected, by the authors, from all 4
quarters at drying off and during the week immediately
postcalving. During the dry period, duplicate samples
were taken from 2 ipsilateral quarters [left fore (LF)
and left hind (LH) odd-numbered cows or right fore
(RF) and right hind (RH) even-numbered cows] 2 and
6 wk after drying off (assuming the cow had not calved).
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Two quarters remained unsampled as controls to assess
whether the sampling procedure was associated with an
increase in the risk of acquisition of new IMI.

Sampling Procedure. Teats were initially wiped
to remove gross contamination before being dipped
in a solution containing 2,800 mg/L available chlorine
(Presept or equivalent; Johnson & Johnson Ltd., Ascot,
UK). Following a minimum 30-s contact time, the teats
were wiped dry. Each teat was subsequently scrubbed
with a cotton wool swab soaked in 70% ethanol and
allowed to dry. Before collection of the first sample,
the teat ends were scrubbed for a second time using
70% ethanol and foremilk was discarded (except from
udders assessed as having little secretion present during
the dry period, when foremilk was collected). Following
a third scrub of the teat ends, duplicate samples were
collected. After sampling, teats were dipped in a solu-
tion containing 2,800 mg/L of available chlorine and
cows were confined to a loafing yard for at least 30 min.
Disposable gloves were worn throughout the sampling
process and changed between cows.

Dry Cow Therapy Infusion. Dry cow therapy was
infused by, or under the supervision of, study personnel
immediately following the sampling before drying off.
Administration was according to manufacturer guide-
lines and, by virtue of the sampling technique, would
typically have followed the predipping and 3 scrubs
with 70% ethanol (detailed above).

Sample Storage and Shipment. Immediately fol-
lowing collection, all samples were stored in a cool box
and maintained at or below 8°C. Samples were typically
shipped so they would reach the testing laboratory
within 48 h. If immediate shipment was not possible,
then samples were frozen (at —20°C) until shipment.
Before the start of the study, the shipment containers
and protocol were tested and were demonstrated to
maintain samples below 5°C for at least 72 h.

Assessment of Teat Closure. The degree of teat
closure was assessed, before sampling, in teats sampled
during the dry period and scored on a scale of 1 to
3 as outlined below. Score 1: secretion appears at the
teat end following application of little or no pressure;
score 2: secretion does not appear immediately at the
teat end following gentle application of pressure; when
secretion does appear, it is not accompanied by an ob-
vious release of pressure and displacement of a keratin
plug; score 3: very significant pressure has to be applied
to obtain secretion from the gland, when secretion is
obtained, there is an obvious release of pressure and
a keratin plug may be obvious in the sample. Teats
scoring 2 or 3 were defined as closed.

Assessment of Teat Cleanliness. Teats were as-
sessed before sampling for the absence or presence of
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organic matter and scored on a scale from 1 to 3 as
outlined below. Score 1: no organic matter visible and
teats appear visually very clean; score 2: some organic
matter is present, but <20% of the teat surface is soiled
and the teat end is not affected; score 3: soiling is pres-
ent with >20% of the teat surface, the teat end, or
both, being affected.

Assessment of BCS. Body condition score was as-
sessed on a scale of 1 to 5 (half points were allowed),
using the method described by Wildman et al. (1982),
at each sampling time point.

Laboratory Procedures

All laboratory testing was performed at a single labo-
ratory (Quality Milk Management Services Ltd., Som-
erset, UK). Microbiological investigation and SCC were
carried out using standard milk sample examination
techniques, which exceeded the standard recommended
by the International Dairy Federation (Bulletin No
132, 1981), International Standard 13366-1:1997 (E)
and 13366—2:1997 (G) (International Dairy Federation,
1981). A more complete description of these techniques
is outlined below.

Bacteriology. Ten microliters of secretion was in-
oculated onto sheep blood agar and Edward’s agar;
100 pL of secretion was inoculated onto MacConkey
agar to enhance the detection of Enterobacteriaceae.
Plates were incubated at 37°C and read at 24, 48, and
72 h. Organisms were identified and quantified using
standard laboratory techniques (Quinn et al., 1994; Na-
tional Mastitis Council, 1999) and matrix-assisted laser
desorption/ionization time-of-flight (MALDI-TOF)
MS (MALDI Biotyper, Bruker Daltonics, Bremen,
Germany).

The MALDI-TOF MS was the primary method used
to identify organisms. Individual colonies, selected
for the purposes of identification, were applied to a
steel plate (Bruker Daltonics) and allowed to dry at
room temperature before being overlaid with 1 pL of
MALDI Matrix [a saturated solution of a-cyano-4-
hydroxycinnamic acid (Bruker Daltonics) in 50% ace-
tonitrile and 2.5% trifluoroacetic acid]. Spectra were
generated using the manufacturer’s suggested settings
and were captured and analyzed using the flexControl
and MALDIT Biotyper 3.0 software (Bruker Daltonics).
Ions were generated with a 337-nm nitrogen laser and
captured in the positive linear mode in a mass range of
2 to 20 kDa. Spectra were compared with a database
containing in excess of 3,500 spectra from over 2,000
bacterial species. Each plate also carried a standard
(Bacterial Test Standard, Bruker Daltonics) to calibrate
the instrument and validate each run. Organisms were
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identified using criteria outlined by the manufacturer;
this method uses an integrated pattern-matching algo-
rithm to match spectral peaks against known bacterial
species before assigning a log sore against a maximum
value of 3.0. For the purposes of this study, identifica-
tions were only accepted where a score in excess of 2.0
was achieved and a “probable” species-level identifica-
tion applied that was also consistent with colonial and
organism morphological characteristics. In the very
small number of cases (n = 71) where a species-level
identification could not be achieved, conventional bio-
chemical techniques were used, such as API (bioMéri-
eux, Basingstoke, UK).

Somatic Cell Counting. Somatic cell counts were
determined using the Fossomatic method (Delta Com-
biScope, model FTIR 400, Drachten, the Netherlands),
according to FIL-IDF 148 A: 95 norm (International
Dairy Federation, 1995).

Definition of Terms Used for Analysis

Infection dynamics of the mammary gland were
explored following the principles outlined below. For
the purposes of exploration of infection dynamics, only
complete quarter data sets without any “contaminated”
diagnoses were included in the analysis.

Intramammary “Infection” Status. Isolation
of an organism was taken to be indicative of an IMI,
giving a theoretical limit of detection of 10 cfu/mL of
coliforms and Staphylococcus spp. and 100 cfu/mL of
other organisms based on the inoculum volumes out-
lined earlier. A sample was considered contaminated if
more than 3 pathogens were cultured from a sample. If
this occurred, then the duplicate sample was submitted
for bacteriological analysis (Bradley and Green, 2000).
If the duplicate sample was deemed contaminated, that
quarter was excluded from the analysis of infection
dynamics as described above. Several outcomes were
assessed, as outlined below.

Cure of Existing IMI. A cure was defined as the
absence of a pathogen in a quarter sample that had
been present at the previous sampling time point in
that quarter.

Acquisition of New IMI. A new infection was de-
fined as the presence of a pathogen in a quarter sample
that had not been present at the previous sampling
time point in that quarter. Therefore, a quarter infected
with one pathogen at a given time point was eligible to
acquire a new infection with a different pathogen by
the subsequent time point.

Successful Dry Period Outcome. A successful
outcome was defined in 2 ways; first, as the absence
of a major pathogen from the postcalving sample and,
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second, as the absence of any mastitis pathogen (major
or minor) from the postcalving sample.

Teat Closure. A teat was considered closed when
scoring >1 using the method outlined above.

Data Collation and Statistical Analyses

Data were collated and initially analyzed using Ex-
cel and Access 2003 (Microsoft Corp., Redmond, WA)
and Minitab 15.1 (Minitab Inc., State College, PA).
Descriptive and graphical analyses were carried out to
explore the data. Where appropriate, groups were com-
pared using the Kruskal-Wallis test or ANOVA. The x*
test was used to investigate differences in proportions.
A layered Bonferroni correction was used to allow for
multiple comparisons where appropriate (Darlington,
1990).

The overall aim of the statistical modeling was to
evaluate the effect of possible explanatory factors on
the risk of IMI during the dry period and postcalv-
ing. Conventional multilevel (random effects) models
(Goldstein, 1995) were specified so that correlations
within the data were accounted for appropriately. For
the purposes of these models and because only a very
small number of cows were recruited on some farms,
farms were grouped by country, and the term “country”
was included as a fixed effect to account for systematic
differences between countries. General model specifica-
tions (for the binary outcomes) were

Y;; ~ Bernoulli (probability = ),
Logit (m;) = o + B1Xy + B2X; + w,
2
w, - N(0.0),

where Y is the occurrence of IMI (in either the dry
period or postcalving), subscripts i and j denote the ith
quarter and the jth cow, respectively, a is the regression
intercept, Xj; is the vector of covariates at the quarter
level, 31 the coefficients for covariates X, X; is the
vector of cow-level covariates, 32 the coefficients for
covariates X, and u; the random effect to reflect resid-
ual variation between cows, and u; the random effect to
reflect residual variation between cows with mean = 0
and variance 0121. Covariates tested in the models were
country, season of drying off (winter, spring, summer,
autumn), parity, cow milk yield before drying off, BCS
and BCS change, cow SCC before drying off, dry period
length, dry cow therapy product administered, quarter
IMI status at different times during the dry period,
quarter position (LH, RH, LF, RF), and a score given
for teat hygiene and teat orifice openness.
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Table 1. Key aspects of predominant dry cow accommodation in herds recruited to the study

Dry cow accommodation

Calving accommodation

Summer Bedding Summer
Farm Housing design Bedding material accommodation  Housing design material accommodation
BE1 Freestalls with slatted Mattress only Housed Loose pen or yard Straw Housed
floor
BE2 Freestalls with slatted Mattress only Housed Freestalls with slatted Mattress Housed
floor floor only
FR1 Pasture Pasture Pasture Pasture Pasture Pasturq1
FR2 Pasture Pasture Pasture Loose yard Straw Housed®
FR3 Pasture Pasture Pasture Pasture Pasture Pasturq1
FR4 Pasture Pasture Pasture Loose yard Straw Housed_2
FR5 Pasture Pasture Pasture Loose yard Straw Housed?
NL1 Freestalls with slatted Sawdust and chalk Housed Loose pen Straw Housed
floor
NL2 Freestalls with slatted Sawdust Housed Loose pen Straw Housed
floor
PL1 Freestalls Sand (straw in passages) Housed Loose yard Straw Housed
UK1 Freestalls Straw Pasture Loose yard Straw Pasture®
ES1 Freestalls Straw and recycled Housed Freestalls and individual Straw Housed
manure pens

1 - -
Problem cows and heifers calved in straw yard.
*Occasional cows calve at pasture.

*Occasional problem cows calve indoors.

Covariate assessment and selection was carried out
using MLwiN with MQL or PQL for parameter estima-
tion (Rasbash et al., 2005). A significance probability
was set at P < 0.05. Investigation of model fit was using
standard methods as previously described (Goldstein,
1995; Green et al., 2004).

RESULTS

A total of 522 cows were recruited, of which 454 were
available for analysis, from 12 farms across 6 European
countries between July 2011 and December 2012. The
actual number of cows recruited and number available
for analysis fell short in several countries for a variety of
reasons, including logistical difficulties with transport,
contaminated samples, fertility issues resulting in lower
than anticipated recruitment rates, and other health
issues. Farm systems and dry cow management systems
were diverse, encompassing pasture-based and housed
environments (including loose-housed and freestall
systems, free access and TMR systems with seasonal
variation in management both between and within
farms); key aspects of the environmental management
of the recruited herds are summarized in Table 1. Be-
tween 18 and 106 cows were recruited per farm, salient
details of which are outlined in Table 1. The predomi-
nant breed was Holstein Friesian with the exception
of herd FR1, which was Normande. A diverse range of
antibiotic dry cow therapies were used on the different
farms, as outlined in Table 2; these encompassed first-

and fourth-generation cephalosporins, penicillins, and
aminoglycosides, with up to 3 different therapies used
in different cows within the same herd. Dry periods
varied in length from only 5 d to as long as 189 d,
but averaged 58 d long. Yields before drying off varied
between 1 and 35 L. Although the average yield at
drying off was 14 L, it varied between 6.9 and 23.2 L on
different farms. The median SCC of cows recruited to
the study was 116,000 cells/mL; however, the median
individual cow SCC of cows recruited in the UK herd
was >300,000 cells/mL. Although the calculated SCC
of the UK herd had been below 250,000 cells/mL before
the commencement of the study, it increased during the
18 mo of the study in part due to the retention of older
cows as the herd expanded.

Body condition scores were collated from 448, 417,
307, and 403 cows at drying off, 2 and 6 wk later, and
immediately postcalving, respectively. The change in
BCS across the dry period was assessed in 398 cows.
The proportion of cows with a target BCS of between
2.5 and 3.5 is summarized in Table 3. As expected,
there was considerable variation in BCS between the
farms, both at any given point during the dry period
and with respect to BCS gain or loss across the dry
period. Overall, 31.7 and 23.7% of cows lost or gained
condition, respectively, during the dry period; indi-
vidual farm details are outlined in Figure 1.

The cleanliness of teats was assessed in 503, 495,
438, and 462 cows at drying off, 2 and 6 wk later,
and immediately postcalving, respectively. There was
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Table 2. Key characteristics [minimum (Min), maximum (Max), mean, and median] of cows recruited to the study

Dry period
length (d)

Yield before
drying off (L)

SCC before drying
off (x10°/mL)

Parity

No. of
cows available

No. of

Dry cow therapy

antibiotic!

COWS
recruited

Median

Min Max Mean

Min Max Mean Median

Max Mean Median

Min

Min Max Mean Median

for analysis

Farm

CEPH

42.9 41

92
79
93
124
130

26

48

18

59

61.2

7
11
20
20
11

CLOX, CEF, CEFQ

CEPH

64
62

28 63.5

36
48

CEPH

61.5

55

64.1

CLOX, CEPH
CEFQ
CEFQ

51

64 51.6

92

34
31

54
59
55

45

55.5

8
16
12
17
10
24
14

89 61.0

144

46

POLY, CLOX
POLY, CLOX

CEFQ

63.8

46

46.2

66
133
189
189

31

CEPH, CEFQ

58
52

63.8

5
22

CLOX, CEFQ, CEPH

54.9

19.2

6.9
10.4
18.9
19.8
13.9

26
14
19
30
28
25

oM AN © oo M

12

89
185
214
134

98
145

147

736 218

1279 273
183

982
923 239
1,129 308

1,553 276
788

12
37
30
19
27
43

1.83
3.45
2.79
1.68
2.06
2.05

© OO FH o

1

—

48
29
19
34
18
21

BE1
BE2
FR1
FR2
FR3
FR4

10.7
15.4
134
16.6
10.3
23.2

35
22
20
26
16
37

— 10 © 0010 N
i

191

530 137 102

19 4,345 223 85
400 105

336

66

26

131
548
200 72

13 3,801
5

57
23

1.63
2.46
2.43
1.73
3.96
1.31

MO~ O™
—

— o

95

21
51
50
30
106
522

0O — N~
=3
EEZEE4
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55

58.3

5

14.9

35

116

125

2.43 2

10

454

Overall

5 4,345

"Listed in order of frequency of use (by farm); CEPH = cephalonium, CEF = cefazoline, CLOX = cloxacillin, CEFQ = cefquinome, POLY = procaine penicillin, penethamate,

and neomycin.
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Table 3. Percentage of cows with a BCS of between 2.5 and 3.5 at
each of the sampling time points

2 wk 6 wk

Dry after after
Farm off dry off dry off Postcalving
No. of cows 443 417 307 403
BE1 97.2 100 91.3 90.9
BE2 78.9 94.1 86.7 83.3
FR1 52.6 25.0 26.7 41.2
FR2 74.2 62.1 68.2 84.6
FR3 81.3 73.3 84.6 93.3
FR4 40.0 65.0 38.9 474
FR5 36.8 41.2 64.3 77.8
NL1 95.8 89.1 95.5 93.3
NL2 91.5 93.2 97.0 94.7
PL1 100 100 100 100
UK1 73.7 72.3 68.2 75.8
ES1 58.3 66.7 80.7 90.6
Overall 75.4 75.1 77.9 83.1

substantial variation in the cleanliness of teats between
farms at all time points as illustrated in Figure 2. The
overall proportion of teats defined as clean (score 1)
was significantly (P < 0.001) different between all of
the scoring time points with 67.4, 43.1, 50.8, and 58.7%
of teats being defined as clean at drying off, 2 and 6 wk
later, and immediately postcalving, respectively.

The degree of teat closure was assessed in 495 and
432 cows 2 and 6 wk after drying off, respectively, and
is illustrated in Figure 3. The proportion of teats de-
fined as closed on farms varied between 35.7 and 73.5%
2 wk after drying off and between 11.1 and 97.1% at
6 wk after drying off. Overall, significantly more teats
were defined as closed (P < 0.001) at 6 wk than at 2
wk after drying off.

The findings of bacteriological analysis of samples
collected at each of the sampling time points are sum-
marized in Table 4. Among the major mastitis patho-
gens, we detected a significant decrease in the preva-
lence of Streptococcus uberis-infected quarters between
drying off and 2 wk after drying off, although by 6
wk after drying off, this decrease was lost. Similarly,
there was a significantly higher prevalence of quarters
infected with Staphylococcus aureus at drying off than
at any of the other sampling time points. We detected
no other significant differences in prevalence across the
sampling time points with any other major pathogens
at the species-specific level. However, we detected a
higher prevalence of coliform and gram-negative-infect-
ed quarters at 6 wk after drying off and postcalving
compared with at drying off, and a higher prevalence
of gram-positive-infected quarters at drying off than
at other sampling time points. There were significant
changes in the prevalence of infection with the minor
mastitis pathogens. An initial significant decrease in
the prevalence of CNS between drying off and 2 wk
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Figure 1. An illustration of change in BCS across the dry period in the 12 study farms.

postcalving was followed by a significant increase in
the prevalence between 2 and 6 wk after drying off and
a subsequent decrease in prevalence postcalving to a
level significantly lower than that seen at drying off.
We detected a significant decrease in the prevalence
of Corynebacterium spp. between drying off and 2 wk
after drying off, although the prevalence increased sig-
nificantly by the postcalving sample, albeit to a level
significantly below that seen at drying off.

We observed substantial variation between farms in
the prevalence of the different major pathogens as illus-
trated in Figure 4 (panels a to h). Although FEscherichia
coli and other coliform organisms were only present on
5 farms at drying off, with a prevalence on affected
farms varying between 0.69 and 7.5%, they were identi-
fied on 10 and 11 of the 12 farms, respectively, post-
calving, with a prevalence varying between 0.53 and
7.69% and 0.53 and 8.65%, respectively. Gram-negative
organisms were identified on 8 farms at drying off and
on all 12 farms postcalving. The prevalence of infection
with FE. coli, coliforms, and all gram-negative organ-
isms was typically lowest at drying off, increased as
the dry period progressed, and was higher at calving
than at dry off. However, this pattern was not con-
sistent and some herds experienced a decrease in the
prevalence of these organisms across the dry period.

Streptococcus uberis was identified on 9 of 12 farms at
drying off and on 10 of the 12 farms postcalving, with
the prevalence on affected farms varying between 0.53
and 10.48% and between 0.33 and 3.75%, respectively,
demonstrating no real change across the dry period.
In contrast, Staph. aureus was identified on only 6 of
the 12 farms at drying off (albeit with a prevalence of
14.5% on one farm), was only identified on 1 farm at
each of the 2 sampling points in the dry period, and
on 5 farms postcalving. The 2 farms (FR4 and FR5)
that had the highest prevalence of Staph. aureus post-
calving (5.0 and 5.3%, respectively) were the 2 farms
from which E. coli was not recovered. In contrast to
gram-negative organisms, when all major gram-positive
pathogens were considered, they were identified on all
farms at all time points, with the prevalence typically,
but not exclusively, falling between drying off and 2
wk later before increasing by 6 wk after drying off and
decreasing again by the postcalving sample.

The findings with minor pathogens were perhaps
more consistent. Coagulase-negative Staphylococcus
spp. were identified on all farms at all sampling time
points, with the prevalence being highest 6 wk and low-
est 2 wk after drying off. Whereas on most farms the
prevalence was similar postcalving to that at drying
off, 2 farms (BE2 and NL2) experienced a substantial
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Figure 2. Illustration of the variation in the percentage of teats defined as clean across the 12 study farms at each of the 4 scoring points:
(a) dry off; (b) 2 wk after drying off; (c) 6 wk after drying off; and (d) postcalving. Dashed line indicates median percentage of teats defined as

clean per farm.

decrease in prevalence across the dry period. The find-
ings with Corynebacterium spp. were less consistent.
Corynebacterium spp. were identified on all farms at
some stage during the study, but the prevalence varied
widely between farms; on 3 farms, the prevalence at
drying off was less than 5%, whereas on 5 farms it was
in excess of 50%. Most farms experienced a dramatic
and significant decrease in the prevalence across the

Journal of Dairy Science Vol. 98 No. 9, 2015

dry period, although 2 farms (FR3 and NL2) experi-
enced a small increase in prevalence.

The apparent origin of pathogens identified postcalv-
ing was assessed by determining whether a pathogen
identified postcalving had been identified in that quar-
ter at an earlier time point (illustrated in Figure 5).
This analysis revealed that the vast majority of organ-
isms identified postcalving were first identified in that
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b) 6 weeks after drying off

100 100
90 90
80 80

=

2 70 70

=

Y 60 60

5

g 50 50

E 40 40

=

S 30 30

X
20 20
10 10
0 0

Figure 3. Illustration of the variation in the percentage of teats defined as “closed” across the 12 study farms at each of the dry period
sampling points: (a) 2 wk after drying off; (b) 6 wk after drying off. Dashed line indicates median percentage of teats defined as closed per farm.

sample, although there was considerable variation be-
tween pathogens. All Staph. aureus identified postcalv-
ing were apparently acquired subsequent to the sample
6 wk after drying off, whereas, somewhat surprisingly,
almost 30% of coliforms had been identified in an ear-
lier sample: 5.6% at drying off and 11.1% at both 2 and
6 wk after drying off.

An overview of dry period performance was achieved
by examining the proportion of quarters identified as
being free of any pathogen or free of a major mastitis
pathogen and is illustrated in Figures 6 and 7 respec-
tively. With the exception of farm PL1, the dry period
was associated with an overall improvement in udder
health when measured by the proportion of quarters
from which no organism was recovered. However, when
minor mastitis pathogens were excluded from the anal-
ysis, the picture was less clear, with 5 of the 12 farms
experiencing a decrease in the proportion of quarters
free of a major mastitis pathogen, and this effect being
most marked in farms PL1 and ESI.

A thorough exploration of the data failed to iden-
tify any factors associated with the likelihood of be-
ing infected with a specific pathogen postcalving. Two
models summarizing factors affecting the likelihood of
being infected with a gram-positive or gram-negative
pathogen postcalving are outlined in Tables 5 and 6,
respectively. The only factor influential in determin-
ing if a quarter was likely to be infected with a gram-
negative pathogen postcalving was the presence of a
gram-negative pathogen in the sample collected 6 wk
after drying off. Similarly, the only factor influential

in determining if a quarter was likely to be infected
with a gram-positive major pathogen postcalving was
the presence of a gram-positive pathogen in the sample
collected 6 wk after drying off.

DISCUSSION

Several studies in the modern era have investigated
the dynamics of IMI during the nonlactating period
(Smith et al., 1985; Todhunter et al., 1991; Bradley
and Green, 2000; Dingwell et al., 2004; Green et al.,
2005). However, although other studies have been
larger in terms of the number of cows studied (Bradley
and Green 2000), the current study is probably the
most representative of cattle populations as a whole,
given that it encompasses data from 12 herds across
6 European countries. The findings of this study are
broadly in line with those of earlier studies, although
it is evident from this study that there are large varia-
tions between farms across all of the major pathogens
and pathogen groups.

There are several significant challenges inherent in
organizing a large multi-center study, many of which
are further compounded when such a study is con-
ducted across several countries. Although this study
was commercially funded, there was a limited budget
available given that the research was conducted from
a perspective of enhancing knowledge rather than spe-
cific product development. These constraints inevitably
limited some aspects of the study design, although we
do not feel they detract from the value of our findings.

Journal of Dairy Science Vol. 98 No. 9, 2015
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Table 4. Quarter prevalence of mastitis pathogens at each of the sampling time points

2 wk after 6 wk after
Drying off drying off drying off Postcalving
(n = 1,816) (n = 866) (n = 788) (n = 1,816)

Pathogen No. % No. % No. % No. %
Streptococcus uberis 46 2.53" 4 0.46" 9 1.14% 34 1.87"
Staphylococcus aureus 36 1.98* 1 0.12° 2 0.25 16 0.88"
Micrococcus spp. 25 1.38 14 1.62 8 1.02 25 1.38
Aerococcus spp. 22 1.21 11 1.27 12 1.52 14 0.77
Escherichia coli 19 1.05 7 0.81 14 1.78 31 1.71
Yeast and fungal species 19 1.05 5 0.58 5 0.63 18 0.99
Enterococcus spp. 15 0.83 9 1.04 15 1.90 28 1.54
Other Streptococcus spp. 14 0.77 2 0.23 5 0.63 13 0.72
Acinetobacter spp. 12 0.66 1 0.12 7 0.89 6 0.33
Bacillus spp. 11 0.61 10 1.15 12 1.52 5 0.28
Pseudomonas spp. 7 0.39 2 0.23 5 0.63 17 0.94
Streptococcus dysgalactiae 6 0.33 0 0.00 3 0.38 14 0.77
Clitrobacter spp. 3 0.17 0 0.00 1 0.13 6 0.33
Proteus spp. 1 0.06 1 0.12 2 0.25 2 0.11
Enterobacter spp. 1 0.06 0 0.00 0 0.00 2 0.11
Rahnella spp. 1 0.06 0 0.00 0 0.00 2 0.11
Serratia spp. 0 0.00 2 0.23 4 0.51 4 0.22
Pantoea spp. 0 0.00 2 0.23 4 0.51 2 0.11
Trueperella spp. 0 0.00 1 0.12 1 0.13 2 0.11
Raoultella spp. 0 0.00 2 0.23 0 0.00 0 0.00
Buttiauzella spp. 0 0.00 0 0.00 1 0.13 0 0.00
Kluyvera spp. 0 0.00 0 0.00 0 0.00 1 0.06
Morganella spp. 0 0.00 0 0.00 2 0.25 0 0.00
Providencia spp. 0 0.00 0 0.00 1 0.13 0 0.00
Salmonella spp. 0 0.00 0 0.00 1 0.13 0 0.00
Prototheca spp. 0 0.00 0 0.00 0 0.00 2 0.11
Coliforms 23 1.27 13 1.50° 29 3.68° 49 2.70"
All gram-negative bacteria' 51 2.81" 25 2.89™" 47 5.96° 87 4.79"
All gram-positive bacteria' 172 9.47" 53 6.12" 69 8.76" 153 8.43"
Minor pathogens

CNS 354 19.49* 115 13.28" 224 28.43¢ 299 16.46¢

Corynebacterium spp. 687 37.83" 29 3.35 39 4.95> 122 6.72°

Contaminated 122 6.72 36 4.16 7 0.89 118 6.50
No growth 676 37.22% 632 72.98" 415 52.66° 1,132 62.33¢

*%Values within rows with different superscripts are significantly different (P < 0.05).

Totals may differ from organisms listed above due to unlisted unspeciated organisms. Overall column totals may not equal sum of the individual

pathogens as a result of mixed infections.

A prestudy meeting was held to refine the study design
and agree on standard operating procedures; this will
have helped reduce, but could not have eliminated,
operator variation across the study, which may have
accounted for some of the variability observed across
farms and countries.

Another challenge in exploring data in a large epi-
demiological study such as this is how to group and
categorize sampling time points. For the purposes of
the analysis for this paper, we chose to define fixed
periods from dry off as opposed to precalving. Given
the dry period lengths in this study, this meant that the
samples broadly split the dry period into early, mid, and
late phases, which fits with the perceived period of risk
(Bradley and Green, 2004). To investigate the validity
of this approach, we did investigate the prevalence of
infection relative to calving for some pathogens. In the
case of coliforms, the absolute prevalence did increase
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as the timing of the “6-wk” sample approached calving,
but this effect was not significant.

Another challenge in a study such as this is defining
the exact timing of IMI, particularly around the time
of calving. Sampling too close to calving may mean
that the ability to detect infections is compromised by
the continued presence of inhibitory substance from
any dry cow therapy; sampling later will increase the
chance that any pathogens identified may have entered
the gland after calving and not during the nonlactating
period. Newton et al. (2008) identified no significant
difference in infection status when examining samples
collected at 4 d or 8 to 11 d postcalving. Godden et al.
(2003) identified fewer infections when sampling at 6
to 8 DIM than at 1 to 3 DIM, and they hypothesized
that this was due to self-cure. These and other stud-
ies suggest that although the exact timing of sampling
may have some effect, it is unlikely that our protocol
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resulted in an overestimation of the importance of the
dry period, although the possibility remains that some
of the pathogens we identified were acquired in the im-
mediate postpartum period.

A diverse range of organisms was isolated in this
study, with over 50 different genera identified. This
level of identification was enabled by the use of MAL-
DI-TOF MS for bacterial identification. Although this
relatively new technique has not been extensively used
in mastitis diagnostics, some small-scale studies have
demonstrated its utility in this field (Barreiro et al.,
2010). In addition, extensive in-house validation, funded
by the UK Technology Strategy Board, was undertaken
by the laboratory used in this study (Quality Milk
Management Services Ltd.) and the instrument has the
In Vitro Diagnostics (IVD)-CE mark with a Declara-
tion of Conformity in accordance with the European
Commission (1998). Although novel, high-throughput,
proteomic techniques such as that used in this study
have yet to be widely adopted and fully validated in
the field of mastitis research, they are now widely used
in the field of human medicine and are acknowledged
as “more accurate than conventional identification
methods for the identification of most bacterial and
fungal clinical isolates” (Dingle and Butler-Wu, 2013)
and may offer the opportunity to extend our knowledge
and understanding of bovine mastitis etiology.

There is much debate on how best to define an TMI.
We took the view in this study that we wanted to
maximize sensitivity, and although single or duplicate
samples and their interpretation can have a small influ-
ence on identification of an IMI, it is accepted that
a single isolation offers the best sensitivity without a
significant deterioration in specificity (Griffin et al.,
1987; Dohoo et al., 2011). In this study, as well as using
an increased volume of inoculum on MacConkey agar
to enhance the detection of the Enterobacteriaceae, we
chose to transparently report and classify isolation of
an organism as an IMI, rather than applying a higher
threshold for definition of an IMI. This approach will
have had its merits and demerits; it will have increased
the sensitivity of our approach but will also have af-
fected the specificity of our definition. Thus, we may
have overestimated the prevalence of infection during
the dry period compared with some other methods but
will have also ensured that we have not underestimated
the potential importance of the dry period.

Body condition score data from across the herds
suggested that nutritional management varied con-
siderably between the herds; some of the variation in
BCS could be explained by breed differences, but as
the predominant breed was Holstein Friesian, this was
more likely to represent nutritional management. In
some herds, a significant number of cows were over- or
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underconditioned, with over half of all cows experienc-
ing a change in BCS across the dry period. Although
this is not a problem per se, poor BCS management
has been associated with no change or an increased risk
of disease (Zadoks et al., 2001; Breen et al., 2009a),
whereas proactive management has been associated
with a decreased risk (Green et al., 2007).

In this study, we observed large variation in teat
cleanliness between the different farms. Teats were
typically dirtier in the dry period than at dry off or
postcalving, although this was not reflected in all herds.
Interestingly, and somewhat counter intuitively, despite
poor udder hygiene being identified as a risk factor for
IMI in some studies (Schreiner and Ruegg, 2003; Ar-
ruda et al., 2013), dirtier teats were not associated with
an increase in the risk of infection during the dry period
or postcalving.

Teat closure was assessed in a similar way to that de-
scribed by Williamson et al. (1995); however, contrary
to earlier findings (Williamson et al., 1995; Dingwell et
al., 2004), slower teat closure or failure of teat closure
was not associated with an increase in the risk of IMI in
this study, either during the dry period or postcalving.
This finding is surprising, not least because of the high
proportion of dirty teats on some farms. The proportion
of teats defined as closed generally increased across the
dry period, though notably the proportion decreased
markedly in herds FR4 and FR5 as the dry period
progressed and it was these herds that experienced the
highest proportion of quarters infected with Staph. au-
reus postcalving, suggesting that failure of teat closure
may predispose to infection with this pathogen. There
is a need for further research to increase our under-
standing of the mechanisms and protection offered by
formation of the keratin plug in the dry period.

In addition to finding no increase in the rate of new
IMI associated with teat cleanliness or failure of teat
closure, we also found no interaction between teat
cleanliness and closure with respect to the risk of new
IMI. Tt would seem biologically plausible that open dirty
teats should be at significantly more risk than closed
clean teats, yet we found no such effect. This could
have been as a result of insufficient power in the study,
though it seems unlikely that a biologically important
effect would have been missed, given the number of
cows recruited. Another possibility is that the number
and timing of assessments was insufficiently sensitive
to detect any effect. However, it may be that other fac-
tors of which we are not currently aware may be more
influential than one might expect.

With respect to the dynamics of infection during the
dry period, it is clear that a large amount of between-
farm wvariation exists in both the actual pathogens
causing IMI and the prevalence of such infections. It is
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Figure 4. Illustration of the variation in culture results for key pathogens and pathogen groups, at each sampling time point, across the 12
study farms. Dashed line indicates median percentage of teats infected with the pathogen or pathogen group per farm.

interesting to note that gram-positive and gram-nega-
tive infections do not appear to be mutually exclusive
and that some herds can apparently be free of either
coliforms or environmental streptococci postcalving
but not both. The pathogens that appear to behave
most consistently across the dry period are the minor
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pathogens; in particular, the prevalence of the CNS was
remarkably consistent across the different farms, and
it would be of interest to see if this consistency were
preserved if we considered different species individually.

One aim of this study was to better understand the
timing of acquisition and implication of a quarter being
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Figure 4 (Continued). Illustration of the variation in culture results for key pathogens and pathogen groups, at each sampling time point,
across the 12 study farms. Dashed line indicates median percentage of teats infected with the pathogen or pathogen group per farm.

infected during the dry period. Overall, more gram-
positive major pathogens were identified than gram-
negative organisms, although FE. coli was the second
most prevalent organism present postcalving. Gram-
negative organisms predominated on some farms and

gram-positive organisms on others. Quarters appar-
ently acquired several different pathogens throughout
the dry period, though this study appears to question
some previously strongly held beliefs. Staphylococcus
aureus appeared to be well controlled on all farms with
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Figure 5. Illustration of the apparent origin of key pathogens and pathogen groups present postcalving: (a) first detected at drying off; (b)
first detected 2 wk after drying off; (c) first detected 6 wk after drying off; and (d) first detected postcalving. Dashed line indicates median
percentage of all pathogens present postcalving that were first detected at the given time point.

apparent cure rates of 100%—all quarters found to be
infected postcalving were first identified at this stage,
implying that infection was only acquired late in the
dry period or immediately postpartum. In contrast, the
picture was less clear with the gram-negative organisms
and environmental gram-positive organisms, where 20
to 30% of those quarters found to be infected postcalv-
ing had previously been found to be positive for that
pathogen. Coliforms other than E. coli appear to be
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more likely to persist across the dry period, suggest-
ing that it may be better to consider these separately
rather than as a homogeneous group. This study has
demonstrated that the etiology of IMI in the dry period
is diverse and inconsistent between farms, highlighting
the importance of the practitioner understanding infec-
tion dynamics on individual farms and the dangers of
making general assumptions about pathogen behavior
during the dry period.
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Figure 6. Illustration of the variation in the proportion of quarters from which “no growth” was obtained, at each sampling time point, across
the 12 study farms: (a) dry off; (b) 2 wk after drying off; (c) 6 wk after drying off; and (d) postcalving. Dashed line indicates median percentage

of quarters defined as “no growth” per farm.

The presence of a gram-positive or gram-negative
pathogen in the sample collected 6 wk after drying off
was associated with an increase in the risk of being in-
fected with a gram-positive or gram-negative pathogen,
respectively. However, this was not on a species-specific
basis and did not transfer between the 2 groups, suggest-
ing that factors affecting susceptibility to gram-positive
or gram-negative infection may not be the same.

As well as investigating pathogen-specific effects, we
also assessed the likelihood of a quarter being free of
any mastitis pathogen or a major mastitis pathogen. It
was clear from this analysis that the likelihood of being
pathogen free increased across the dry period, although
the zenith was reached 2 wk after drying off. Interest-
ingly, in herds FR1 and FR3, the dry period was not
associated with a change in the proportion of quarters
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Figure 7. Illustration of the variation in the proportion of quarters free of a major mastitis pathogen, at each sampling time point, across
the 12 study farms: (a) dry off; (b) 2 wk after drying off; (c) 6 wk after drying off; and (d) postcalving. Dashed line indicates median percentage

of quarters defined as free of a major mastitis pathogen per farm.

defined as free of a mastitis pathogen, although these
herds (along with NL2) were notable for a very low
prevalence of Corynebacterium spp. at drying off. In
contrast, the likelihood of being free of a major mastitis
pathogen remained remarkably stable in most herds,
with only herd PL1 experiencing more than a relative
10% decrease in the proportion of quarters defined free
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of a major pathogen. Arguably, these findings are an
excellent advocate for the success of the use of antibi-
otic dry cow therapy, and undoubtedly this study again
confirms the efficacy of this approach in the removal of
existing infections. Nevertheless, that view needs to be
tempered by the fact that the overwhelming proportion
of infections present postcalving were new infections,
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Table 5. A summary of the model explaining the likelihood of being infected with a gram-negative pathogen postcalving

95% CI
Hazard
Term Coefficient SE ratio Lower Upper
Presence of a gram-negative pathogen 6 wk after dry off 1.19 0.52 3.30 1.18 9.18
Reference = Belgium
France —0.62 0.67 0.54 0.14 2.08
The Netherlands —0.69 0.70 0.50 0.12 2.03
Poland 1.50 0.81 4.46 0.88 22.62
United Kingdom —0.30 0.66 0.74 0.20 2.78
Spain 0.59 0.62 1.80 0.52 6.23
Cow-level variance 1.44 0.82 0.81 21.82

acquired during the dry period, and the majority of
those occurred in quarters that were uninfected at dry-
ing off.

No cows included in this study received an internal
teat sealant, which probably still reflects the pre-
dominant management approach across the European
Union (with perhaps the exception of the UK). An
ever-increasing number of studies continue to demon-
strate the efficacy of internal teat sealants with respect
to prevention of new IMI in the dry period (Huxley
et al., 2002; Rabiee and Lean, 2013), whereas others
have identified the use of narrow-spectrum antibiotic
dry cow therapy as a risk factor for acquisition of new
IMI and subsequent clinical mastitis caused by gram-
negative organism. It would be interesting and relevant
to investigate any changes in infection dynamics that
may occur following a more strategic approach to anti-
biotic dry cow therapy (Schukken et al., 1989; Bradley
and Green, 2001; Bradley et al., 2011). While there was
a broad range of different antibiotic dry cow therapies
used on farms in this study, it was not possible to attri-
bute any difference in infection dynamics to the prod-
ucts used, even when they were more loosely classified
as narrow or broad spectrum. This was not surprising
given that there were no fixed criteria defining product
selection and other herd factors are likely to have been
influential.

Perhaps the most intriguing finding of this study was
the failure to identify, with the exception of the pres-
ence of infection in the sample collected 6 wk after dry-
ing off, any significant factors influencing the likelihood
of infection with a specific pathogen or pathogen group
either postcalving or during the dry period. The size of
the study and the number of cows recruited on some
farms meant that we needed to group farms for the
purposes of multivariable analysis; we did this at the
country level, given that in those countries where more
than one farm was recruited, they were in a relatively
tight geographical area. Although multivariable analy-
sis demonstrated some variation between countries in
overall gram-positive pathogen rates, it was not possible
to establish an association with any of the measured
cow or quarter variables. In contrast to earlier stud-
ies, we failed to identify any increase in risk associated
with failure of teat closure (Williamson et al., 1995;
Dingwell et al., 2004), teat cleanliness, yield at drying
off (Huxley et al., 2002; Dingwell et al., 2004), SCC in
the previous lactation (Pinedo et al., 2012), absolute
BCS or change in BCS (Breen et al., 2009a) or antibi-
otic dry cow therapy type (Bradley et al., 2001, 2011).
With respect to dry cow therapy, this is perhaps not
surprising given that the cited studies were typically
randomized control trials. However, the other findings
are more surprising and may reflect the importance of

Table 6. A summary of the model explaining the likelihood of being infected with a gram-positive pathogen postcalving

95% CI
Hazard

Terms Coefficient SE ratio Lower Upper
Presence of a gram-positive pathogen at dry off 0.81 0.42 2.25 0.98 5.18
Presence of a gram-positive pathogen 2 wk after dry off 0.09 0.58 1.10 0.34 3.50
Presence of a gram-positive pathogen 6 wk after dry off 1.02 0.40 2.76 1.24 6.16
Reference = Belgium

France 0.31 0.54 1.36 0.46 3.99

The Netherlands —0.06 0.45 0.94 0.39 2.30

Poland 1.75 0.74 5.78 1.33 25.13

United Kingdom 0.24 0.46 1.27 0.51 3.18

Spain 0.12 0.50 1.12 0.42 3.04
Cow-level variance 0.95 0.56 0.85 7.89
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farm rather than cow effects influencing the likelihood
of infection with what were predominantly environmen-
tal mastitis pathogens. This suggests that although cow
factors may be influential in explaining variation within
a herd, herd-level factors, and therefore perhaps overall
successful dry period management, are more dependent
on herd-level management factors, as has been high-
lighted in earlier research (Green et al., 2007, 2008).

CONCLUSIONS

This multicenter, international study confirmed the
importance of the dry period in mastitis epidemiology
but highlighted the variation that is seen between dif-
ferent farms and therefore the importance of practitio-
ners making the effort to understand infection dynam-
ics on individual units, rather than just assuming and
extrapolating from published studies. Although this
study failed to associate individual cow and quarter
factors with the risk of IMI, this should not be used to
downplay their importance, as it may merely be high-
lighting the influential effect of farm-level factors.
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