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GENERAL INTRODUCTION 3

1.1 History of the Dairy Cow and Mastitis

Cattle have been contributing to human development ever since their original domes-
tication 6,000 to 10,000 year ago, providing meat, milk, various other products (e.g.,
leather) and labor (Hodgson, 1979). During the last 100 years, the productivity of dairy
cows has risen considerably due to increased knowledge about nutrition, environmental
control, prevention and treatment of disease, technological support and genetic selec-
tion. This enabled dairy breeds to fulfill their potential (Woods, 2011; VandeHaar et
al., 2016), resulting in a modern dairy cow that almost quadruples the productivity
from her counterpart in the fifties.

With the modernization of the dairy cow, the
diseases it contracted also changed considerably.

Some diseases that highly impacted herd health ﬂﬂﬂl%ﬂﬂﬁﬂg @mmﬁmmﬂ.

in the past, such as brucellosis, bovine tuberculo- m&@mumﬁgz

. . . o e g?@
sis and bovine spongiform encephalopathy are fi- @ ‘..ﬁ‘ :‘\@\
< S §
nally under control, while other endemic diseases § :@'} '@"‘o \ﬁ-&\

N
remain a common and costly problem worldwide, fﬁ' / > %ﬁ,@ X \3\1‘\\\\%
| YD \®
for instance mastitis (i.e., inflammation of the ud- / _ ///%Q‘@G‘S\
der in response of invading bacteria). The tran- A\
ANDRGO0D
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sition from hand milking to machine milking by
the end of the fifties of last century by most dairy
farmers in Western Europe and North America

was accelerated by acute shortages of farm la-

Figure 1.1: New Zealand leaflet
(MAF, 1974) (Hillerton and
electrification of farms in the US. This played Booth, 2018).

bor throughout Europe post-World War II and the

a major role in the increasing risk of mastitis
(Fincher, 1953 and Reinemann and Mein, 2018).

Unfortunately, there was great disagreement in the industry on the causes, treat-
ment and control of this disease, encouraging researchers to collaborate and exten-
sively research mastitis and milk quality. A Five-Point Plan of Mastitis Control was
initially developed in the 1960’s by the National Institute for Research into Dairying
in England, regarding the milking machine, post-milking teat disinfection, treatment

and culling policy. These guidelines were later adopted by the National Mastitis Coun-
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A global cnpasizston for s control asd milk gkt

Mame [Farm:

Dare:

|. Establishment of Goals for Udder Health

O Set realistic targets for average herd somatic cell count
(SCC) or linear score and dimical mastitis rate.

O Review goaks on a timely bass, with input fram the
Herd Udder Health Advisaory Team (weterinarian,
producer, herd rmanager, milking personnel 2nd advisors).

O Prioritize management changes to achieve stated goalks.
0O Crher:

2. Maintenance of a Clean, Dry, Comfortable Environment
O Ersure proper stall usage by ensuring adequacy of stall size
and desgn and provide adequate space in loose yands for
e number of cows housed,

O Maintain dean, dry. and comfortable stalls and yards
through appropriate bedding management.

O Keep cow traffic areas clean and diry.

O Ersure ventilation system is functioning properly.

O Ersure cows at pastwre have uncontaminated lying areas.

0O Comtrod detrimental envaronmental influences
(heat stress, frostite, stray woltage, etc.).

O Ersure that cows remain standing after milking
[provsde fresh feed and water).

0O Cther:

3. Proper Milking Procedures

0 Examnine foremilk to facktate early detection of clinical
mastitis and proper milk letdown,

O Ersure teats are cdean and dry before millkang.

O If local regulations allow, apply pre-milking teat disinfectant
that completely covers the teat skin and allow it to remain
an teats for at least 30 seconds then dry teats using a
properly washed and disinfected cloth towel for use an
ane Cow, OF a single service paper towel,

O Wear clean gloves during the milking process to limit
spread of contagious pathogens.

O Attach teat cups squarely and level with the udder
within 20 seconds of udder preparation.

O Adpust duster during milking to prevent liner shps
and squawks.,

O 'With manual removal, avoed machine stripping and shut off
vaouum 1o the daw before removing cluster.

O Apply teat disinfectant immediately following teat cup
remnoval, and assure complete coverage of teats,

O Any teat disinfectant showld be selected based on
documented efficacy data wiech can be found on the
MMC website (www.nmoonine arg).

O To optimize mastitis comtrod and reduce costs, teat dipping
is preferred to spraying as the method of dsinfectant
application,

0O Milk convs with confirmed comtagious intramammary
infections last

0O Other:

4. Proper Maintenance and Use of Milking Equipment

0O Install or update equiprment to 150 5707 (International
Organization for Standardization, “Milkang machine
installations—Construction and performance™).

0 Service, maintain, and regularly evabuate squipment
function acconding to manufacturer’s guideines, using
dynamic evaluation methods and an appropriate
record form,

0O Replace liners and other rubber and plastic parts regularly.
accarding to manufacturer's guidelines.

O Replace broken or oradked inflations and short millk tubes
immediately,

O Thoroughly wash and sanitize equipment after each milking,

0O Cther:

5. Good Record Keeping

[ For each case of clinical mastitis, record cow identification,
date detected, days in milk, quarter(s) affected, number
and type of treatments, outcome of treatments (e return
to normal milk, tme to discard milk) and the causative
bacterial pathagen if 2 sample was cultwred on-farm o in a
labaratory:

0 Use 2 computerized or mamual recond systemn to manage
information, such as ndividual cow S0C data, on the
prevalence and incdence of subclinical mastitis.

0O Orthes:

6. Appropriace Management of Clinlcal Mastits
Dwring Laceaton
O Develop and implermnent a herd dinecal mastits treatrent
protocol with the Herd Udder Health Advisory team.

0O Carefully conssder the economac ramifications
of therapy decisions,

O Collect a pre-treatment millk sample aseptically for
microbiclogical culture so that antimicrobial susceptibility
tests can be wsed when appropriate.

page | of Z | International Wersion

nmonmoonline.org | wws.nmoonine.org

Figure 1.2a: The 10-Point Mastitis Control Program developed by the National

Mastitis Council (NMC).
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0O Use an appropriate therapeutsc regimen; use drige
according to the protoool, or as recommended by the
ealth advisors.

O Prior to infusson, disnfect the teat with a garmicide
and sorub the teat-end with an akcohol swab.

O For infusion of intramammary antibiotics, use a single-doge,
regulatory approved product by the partial insertian
methad.

0 Do not treat chronic non-responsive infections.

0O Observe the correct withdrawal period for the antibatic
used, as stated on the label, If extra-label drug use
i necessary, follow regulatory guidelines under the
supervision of a weterinarian (Le. in the systemic treatment
af coliformn mastitis),

O Always follow recommended drug storage guidelines and
abserve expiration dates.

0O Clearly identify all treated cows, and record all treatrents
i a permmanent record.

0O When necessary, test milk for inhidbitory substances
before consignment.

0O Crher:

7. Effective Dry Cow Management

O Decrease the energy density of the ration during late
lactation to reduce milk production before dry-off,

O Dry cows off abruptly and dry treat each quarter
immediately following the last milking of lactation

O Disinfect teats and scrub the teat-end with an alcohol swakb
before infusing,

O Treat al guarters of all cows with a commercially avalable
approwed [long-acting] dry-cow antibiotic and/or an
approved internal teat sealant.

0 Use the partal insertion method of dry treatrment infusson,

O Dizinfect teats immediately following infusion using any
approved post miking disinfectant teat dip,

O Prowide adequate dry cow nutrition to enhamce immune
system function,

O Mairtain a chean, dry. comfortable emdronment for dry
cows, Dry cow environmental managerment & important
1o mnamize exposure 1o pathogens.

O In situations of high emaronmental pathogen exposure, use
an internal or external teat sealant for dry cows in addition
ta any antmeorobial product.

O In herds with coliformn mastitis problems, vaccinate with a
core antigen endotoxin vacone followsng manufacturer’s
directions.

0O Jip flanks and udders to remove excess body hair Udder
singeing may be useful to ensure hair removal,

0 Other:

B. Maintenance of Biosecurity for Comagious Pathegens

and Marketing of Chronically Infected Cows

O Request bulk tank and individual cow 90T data,
For suspect animals, further diagnostic efforts may
be indicated to identify cases of subdinical mastits prior
1o purchasing cows.

O If possible, obtan aseptically collected milk sarmples for
bactericlogical cufture from cows prior to purchase.

0 Isolate recently purchased cowvs, and milk separatedy,
unitil there is assurance of the absence of iMtramammary
infection

[ Segregate cows with a parsistently high 5CC o linear score
(i, SCC greater than 200,000 or linear score greater than

or equal to 4.0 for several months) and observe response
to dry treatment or other recormmended therapy.

[0 Market or permanently segregate cows persstently
infected with Staphyococcus owels or other mon-responsive
rnicrabial agents (Mpcoplasma, Nacardia, Pseudomonas,
or Arcanabactenum pyopenes).
0O Consider udder health status of first-calf heifers as this
can impange on herd bicsecurity.
0 Orthier:

9. Regular Monitoring of Udder Health Status

0O Enrall & an individual cow S0C program or use some other
monitor of subclinical infections.

O Use a sensitive cow-side monitar of inflarmmation n cows
suspected of nfection and in high risk pericds
(i.e. early lactation).

O Monitar distributions of high SCC cows, and rates of
change to elevated SCC.

O Conduct milk bactericlogical cuture of dinical cases and
high SCC cows regularly.

O Meonitar udder health far the herd wsing reports from the
regional regulatory agency or milk marketing organization
and DHI.

0 Caloulate chnecal mastitis rates and distributions regularly,
paying particular attention to infections i heifers,

0O Use 5CC and chinical mastitis records to evaluate protocols,
and to make treatment and rmarketing dedsions.

0 Other:

10. Pericdic Review of Mastitks Contral Program

0O Obtain objective evaluations from vetesinarian, industry
field person or extension representative.

0O A step-by-step approach to the review, and a standard
evahuation form are useful,

0O Make use of the entire Herd Udder Health Advisory Team:
viterinarian, produces, herd manager, miking persannel,
and adwisors,

0 Other:

page 1 of 2 | Inmernamional Varskan
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Figure 1.2b: (continued)
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cil in the United States and were rapidly picked up worldwide (Figure 1.1). Over the
years, the Five-Point Plan underwent various modifications resulting in a Ten-Point
Mastitis Control Program, that today is still a cornerstone for managing udder health

(Middleton et al., 2014; Hillerton and Booth, 2018) (Figure 1.2).

Still, despite all efforts, mastitis continues to be one of the major disease challenges
on the modern dairy farm, costing between 65 and 182 euro per cow per year (Huijps
et al., 2008), representing almost two-thirds of the economic loss in an average herd
(Seegers et al., 2003; Halasa et al., 2007). Besides impacting milk quality and milk
yield, the cow’s welfare is also negatively affected. Further, it can have implications
for the public health, due to antimicrobial residues or zoonotic pathogens in the milk
as well as the risk of transferring antimicrobial resistance genes to human pathogens

(e.g., Berry and Hillerton, 2002; Oliver et al., 2011; WHO, 2017).

1.2 Udder Health

1.2.1 Types of Mastitis

Mastitis usually originates from invading bacteria that enter the teat canal, causing a
bacterial intramammary infection (IMI) and in turn an inflammation of the mammary
gland (Figure [I.3)). It can be classified depending on the degree of inflammation in the
mammary gland as clinical (visible abnormalities in the udder or milk) or subclinical
(no clinical signs) or depending on the route of transmission as environmental (from
environment to cow) or contagious (from cow to cow) (Blowey and Edmonson, 2005).
Pathogens able to cause an IMI are divided into minor pathogens (less virulent and
damaging to the udder, possibly with protective features) and major pathogens (more
virulent and damaging to the udder) (Reyher et al., 2012). For instance, non-aureus
staphylococci are traditionally regarded as minor pathogens, as they seem to lack the
ability to cause severe mastitis, and the impact on milk yield is debatable (Piepers et al.,
2013; Heikkild et al., 2018). On the other hand, Escherichia coli is often diagnosed as
causative pathogen of an acute clinical mastitis and has been associated with decreased
milk yield as well (Burvenich et al.; 2003, Heikkild et al., 2018), and therefore typically

labeled as major pathogen.
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Figure 1.3: Schematic representation of mastitis development in an infected udder:
Environmental and contagious [for instance Escherichia coli (E. coli) and
Staphylococcus aureus (S. aureus) invade the udder through the teat end. They then
multiply in the udder where they are attacked by neutrophils while damaging the
epithelial cells lining the alveoli, with subsequent release of enzymes like NAGase
and LDH. The epithelial cells also secrete anti-microbial compounds. Considerable
tissue damage is observed once the immune effector cells begin to combat the
invading pathogens (Viguier et al., 2009).
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1.2.2 Dry Period Udder Transformation

Mastitis can occur both throughout the lactation and during the nonlactating period
(Burvenich et al., 1994), yet it is well documented that the transition from and to a

state of active milk synthesis is a critical period for the udder health (Figure[I.4).

Providing an additional challenge during the dry period is the fact that the immune
responsiveness has been impaired in late gestation, to prevent the cow’s immune sys-
tem from attacking its own fetus as it consists of foreign proteins and cells (Mallard et
al., 1998). The cessation of milking introduces the involution phase (phase 1), during
which the concentrations of antimicrobial components, i.e., proteins like immunoglob-
ulins and lactoferrin, and leukocytes in mammary secretions increase, offering the op-
portunity to cure existing IMIs that were carried into the dry period (Bushe and Oliver,
1987; Sordillo and Nickerson, 1988 and Bradley and Green, 2004). At the same time,
the increased intramammary pressure may cause leakage of milk from the mammary
gland and enhance bacterial penetration of the streak canal, diluting the antimicrobial
components and providing a medium for bacterial growth (Schukken et al., 2011). As
a consequence, the udder is even more vulnerable for new IMIs. The udder then enters

the steady state phase (phase 2), which is a non-active phase, allowing the mammary

Drying : Drying
Off Calving Off

Rate of New Infection
|
|

Dry Lactation

Figure 1.4: A schematic illustration of the incidence of new intramammary infection
during the lactation cycle and dry period (Bradley et al., 2004).
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epithelial tissue to regenerate, while fluid volume is reduced to a few milliliters and
milk constituents are at minimum concentrations. This phase is generally believed as
a low-risk period for mastitis, preceding the colostrogenesis phase (phase 3), during
which the immunoglobulins are transferred from maternal circulation into mammary
secretions. During the latter phase, the mammary pressure increases yet again, making

the udder more susceptible to new IMIs (Schukken et al., 2011).

In the days after drying off, a keratin plug is expected to be formed in the streak
canal of each udder quarter, inhibiting the penetration of udder pathogens during the
dry period. Unfortunately, in modern high yielding cows, the plug formation is often
delayed or teats even remain open throughout the dry period, and especially cows with
high milk productions at drying off are at risk (Dingwell et al., 2004; Bradley et al.,
2015). As a consequence, these cows are very susceptible to new IMIs during the dry

period (Williamson et al., 1995; Dingwell et al., 2003).

Therefore, teat sealants can be applied to provide an ar-
tificial internal physical barrier and have been recommended
especially when cows are dried-off without long-acting and
broad spectrum antimicrobials (Crispie et al., 2004; Cameron
et al., 2015; Vasquez et al., 2018). External teat sealants pro-
vide an external coating of the teat-end yet the adherence is
limited to a few days after application (Lim et al., 2007). The

internal teat sealant contains an inert non-antibiotic substance,

is administered locally in the teat canal and cistern (Figure[I.5)

Figure 1.5: X-ray and is only removed at first milking after the dry period, pro-
plate illustrating the
appearance and
position of teat seal ~ 2002; Crispie et al., 2004; Rabiee and Lean, 2013).
in the teat canal and

cistern (Crispie et al.,
2004). Ensuring good udder health during the dry period is of great

viding protection during the whole dry period (Huxley et al.,

importance, as dry period infections can be carried into the next
lactation and significantly impact udder health by increasing
the risk of clinical mastitis and lowering milk productions in following (early) lactation

(e.g., Bradley and Green, 2000; Green et al., 2002; Pantoja et al., 2009b).
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1.2.3 Dry Cow Therapy

1.2.4 Diagnosing Mastitis

To identify infected cows, conventional bacteriological culturing and polymerase chain
reaction testing are the best methods available and are often used as gold standard to
evaluate the accuracy of other tests. As clinical mastitis is accompanied by physical
changes, the affected quarter can be easily identified, can be sampled for further test-
ing and can be treated based on the culture results. Yet, logistical and financial reasons
have prevented these methods from being used for routine detection of quarters with
subclinical mastitis. Therefore, another approach is the detection of the inflamma-
tory reaction of the affected udder quarter caused by the infection by measuring the
concentration of somatic cells [somatic cell count (SCC)], enzymes like lactate dehy-
drogenase (LDH) or N-acetyl-/3-d-glucosaminidase (NAGase), electrical conductivity
or pH in the milk (Figure[1.3) (Viguier et al., 2009; Nyman et al., 2016).

Somatic cell counting is already well-established (e.g., Dohoo and Leslie, 1991;
Schukken et al., 2003; Petzer et al., 2017), and results can be easily obtained via milk
recordings, providing at a regular interval high-quality composite SCC values at the
individual cow level. Despite the agreement among researchers that composite SCC
are a valuable tool for udder health monitoring, no consensus has been reached on the
threshold above which a cow is considered to be infected. Still, an often recurring
threshold is 200,000 cells/mL (Dohoo et al., 1981; Pantoja et al., 2009a; Fauteux et
al., 2014; Henderson et al., 2016), achieving a sensitivity between 70 and 83% and a
specificity between 51 and 89% to detect major pathogens in milk (Dohoo and Leslie,
1991; Schepers et al., 1997; Torres et al., 2008).

During the dry period, obviously, SCC data are not available, yet to gain more in-
sight in the herd’s dry period udder health, the SCC change across the dry period can
be monitored by comparing the cow’s last test-day SCC of a previous lactation and the
first test-day SCC in next lactation. Using a cut-off value of 200,000 cells/mL above
which cows are considered infected, previous research reported cures rate between 63
and 71.4% and new IMI rates between 19 and 22.4% (Cook et al., 2002; Pantoja et
al., 2009a; Madouasse et al., 2010). This implies that there is still room for improve-

ment management-wise, especially when assuming most cows received long-acting
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antimicrobials at drying off in these studies. Using quarter SCC data, it has also been
described that chronically infected quarters across the dry period, thus quarters with
a SCC above 200,000/mL before and after the dry period, are at higher risk of devel-
oping clinical mastitis in early lactation compared to quarters that remained healthy
(Cook et al., 2002). Still, the association between these infection dynamics and the
cow’s performance (udder health, milk yield, culling hazard) in subsequent lactation
needs further research.

In addition to SCC, a more recent test that is hitting the market today is differential
cell counting (DSCC), which can be used to evaluate udder health status in more detail
as the cells are divided in different cell types. The four main cell types representing
the somatic cells are macrophages, polymorphonuclear neutrophils cells, lymphocytes,
and epithelial cells. In healthy quarters, depending on the study, either macrophages,
lymphocytes or epithelial cells were the main cell type (Schwarz et al., 2011; Li et al.,
2014). Yet, in case of bacterial IMI, the general consensus is that polymorphonuclear
neutrophils cells are rapidly recruited to conquer the invading pathogen, increasing the
overall SCC conjointly (Burvenich et al., 1994; Oviedo-Boyso et al., 2007; Li et al.,
2014). This change in relative cell proportions can be detected by the DSCC, which can
especially be beneficial in the early stage of the disease (Viguier et al., 2009) and low
SCC cows (Schwarz et al., 2011) when an elevation of the composite SCC has not yet
occurred. Interestingly, this technique is becoming more commercial and available via
milk recording (i.e., Fossomatic 7 DC, FOSS, Denmark) or on-farm tools (QScout®
MLD, Advanced Animal Diagnostics, Inc., United States). Therefore, combining the
new parameter DSCC with the well-established SCC seems promising, albeit optimal

thresholds need to be determined.

1.3 Responsible Use of Antimicrobials

1.3.1 Threat of Antimicrobial Resistance

There is an undeniable link between the use of antimicrobials and the emergence of
antimicrobial resistance (Chantziaras et al., 2014; Tang et al., 2017), resulting in a
global demand of prudent use of antimicrobials in both human and veterinary medicine

(WHO, 2018). Acquired antimicrobial resistance is the ability of microorganisms, such
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as bacteria, viruses and fungi, to become increasingly resistant to an antimicrobial to
which they were previously susceptible (definition by EMA, 2017). The first signs of
antimicrobial resistance for penicillin were encountered as early as the mid-1940s, not
long after its introduction into clinical practice (Chambers and DeLeo, 2009), in the
bacterium Staphylococcus aureus. Nowadays, antimicrobial resistance accounts for
about 700,000 human deaths per year globally, of which 25,000 deaths per year in the
EU alone, costing 1.5 billion euro in extra healthcare costs, mostly due to hampering
the control of infectious diseases (EMA, 2017; WHO, 2018). It is estimated that with-
out intervening, in 2050, antimicrobial resistance can become a more common cause
of death than cancer (EMA, 2017). Also, for the animal husbandry, antimicrobial re-
sistance threatens the herd health, productivity, and animal welfare and reducing the
antimicrobial use in the herd is beneficial. For instance in the dairy sector, a Dutch
study reported that in organic dairy herds, that generally speaking use antimicrobials
more prudently, the prevalence of highly threatening extended-spectrum S-lactamase
and AmpC-producing coliforms appeared to be lower than in conventional dairy herds

(Santman-Berends et al., 2017).

1.3.2 Efforts to Reduce the Antimicrobial Use

To prevent further development and spread of antimicrobial resistance in pathogens
several European and national agencies have been encouraged to take action. In Bel-
gium, the antimicrobial use in animals has decreased significantly since the begin-
ning of monitoring in 2007, with a total reduction of 25.9% (mg active substance / kg
biomass) (BelVet-SAC, 2017) in comparison with 2011, probably as a result of raising
awareness and guidance (so-called autoregulation) by the sector labels and govern-
ment. Still, Belgium is one of the highest consumers of antimicrobials in Europe in
relation to the animal production in the country, urging the different sectors to increase
their commitment in decreasing the use of antimicrobials in animal husbandry (Figure
[1.6).

The pigs, poultry and veal industries are the highest consumers (Pardon et al., 2012;
Filippitzi et al., 2014), yet they also achieved the highest reduction in antimicrobial
use last decade (BelVet-SAC, 2017; Callens et al., 2018). In the dairy sector, it is of

concern that the consumption of intramammary antimicrobials, which is fundamental
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Number of tubes administerred

2014 2015 2016 2017

B Totaal BADry cow tubes Lactating tubes

Figure 1.7: Evolution in use of number of intramammary preparations used per cow
over the last 5 years in Belgium (BelVet-SAC, 2017).

to mastitis treatment and dry cow therapy, remained stable during the last years (Figure
while in neighboring countries like the Netherlands and France a decrease was
noticed (ANSES, 2016; Vanhoudt et al., 2018).

1.4 Dry Cow Therapy

1.4.1 Hot Topic

Administering long-acting antimicrobials in all cow’s quarters at the end of the lac-
tation [so-called blanket dry cow therapy (BDCT)] has been common practice in the
dairy sector for decades, with two main goals: to help eliminate existing IMIs in the
udder at the start of the dry period and to prevent the establishment of new IMIs during
the dry period (Halasa et al., 2009). At quarter-level, according to a meta-analysis con-
ducted by Halasa et al. (2009a and 2009b), the bacteriological cure rate after dry cow
therapy averaged at 78% (71 to 85%), whereas the spontaneous cure rate was on aver-
age 46% (37 to 56%). Overall, streptococci were slightly more likely to cure sponta-
neously (47%) than staphylococci (44%). Furthermore, BDCT protected significantly
against new IMI caused by streptococci, but the effect was unclear for staphylococci
and non-existent against coliform. More information can be found in Table Of

course, cure and new IMI rates depend on the treatment initiated by the farmer, the
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Table 1.1: Pooled relative risk (RR) together with the 95% confidence interval as
estimated based the meta-analysis conducted by Halasa et al. (2009a and 2009b),
comparing blanket dry cow therapy and no dry cow therapy, for all pathogens
(overall) and per pathogen group

Cured IMI! New IMI>
Pathogen group Pooled RR 95% CI RR Pooled RR 95% CI RR
Overall 1.78 1.51-2.10 0.61 0.53-0.71
Staphylococci 1.65 1.38 - 1.96 0.76° 0.54-1.07
Streptococci 1.83 1.48 - 2.35 0.39 0.30-0.51
Coliform 0.95 0.81-1.10

'Incidence of cured quarter IMI in BDCT group divided by the incidence of cured quarter IMI in the
SDCT group. RR <1, reduced risk of cured IMI; RR = 1, no difference in cure; RR >1, increased risk
of cured IMI;

%Incidence of new quarter IMI in BDCT group divided by the incidence of new quarter IMI in the
SDCT group. RR <1, protection against new IMI; RR = 1, no protection against new IMI; RR >1,
increased risk of new IMI;

3The pooled RR and the 95% confidence interval are presented based on the fill and trim method of

Duval and Tweedie (2000) owing to the existence of significant publication bias.

virulence of the pathogen and the cow’s self-cure capacity. Overall, the practice has
shown great success: after introducing BDCT through the aforementioned Five-Point
Plan in the late 1960s (Neave et al., 1969), the prevalence and incidence of IMI with
(contagious) pathogens drastically decreased, which in turn led to an improvement of

milk quality, milk production and animal welfare (Bradley, 2002).

An overview of dry cow tubes currently available in Belgium can be found in Table
[1.2] which contain one or more long-acting antimicrobials belonging to the penicillin,
cephalosporin, aminoglycoside or ansamycin antibiotic groups. There is no significant
difference in the cure rate of IMI when cloxacillin (a penicillin) was compared with
other dry cow tubes, and cloxacillin showed similar protection against new quarter IMI
when cloxacillin (a penicillin) was compared with other dry cow tubes (Halasa et al.,

2009a and 2009b.)

Nowadays, mostly in order to decrease the antimicrobial use, a case-by-case de-
cision whether a quarter or cow is in need of antimicrobials at drying off [so-called
selective dry cow therapy (SDCT)] as an alternative for BDCT has been a hot research
topic in many countries, despite the fact that the Ten-Point Mastitis Control Plan is
still recommending BDCT (Figure 1.2). Other reasons that have been reported since

the seventies are the high cost of antimicrobial treatment, the possibility of introducing
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organisms in the mammary gland at time of treatment and the concept that elimination
of common bacteria may make cows more susceptible to new IMIs with harmful mi-
croorganisms (Roguinsky and Serieys, 1977; Rindsig et al., 1979; Poutrel and Rainard,
1981). More recently, studies in Ireland (More et al., 2012), the Netherlands (Kuipers
et al., 2016) and Belgium (Flanders; Stevens et al., 2016) reported that in a modern
dairy herd more than 65% of the antimicrobials are used for udder health, and at least
half of these udder health antimicrobials consist of dry cow tubes. Nonetheless, most
cows are healthy at drying off (e.g., Piepers et al., 2007; Pantoja et al., 2009a; Scher-
penzeel et al., 2014). This implies that BDCT is, besides being accountable for about
a third of the antimicrobial use in an average dairy herd, a merely preventive prac-
tice, contributing to the risk of developing antimicrobials resistance and therefore is no
longer acceptable. Besides, SDCT can be economically more beneficial than BDCT

(Huijps and Hogeveen, 2007).

1.4.2 Restricted Use of Antimicrobials at Dry-Off

In most European countries, SDCT is rather the exception than the rule, yet in some
Nordic countries like Sweden, Norway, Finland and Denmark, prudent use of antimi-
crobials and SDCT have been common practice for a long time, without hampering
an overall improvement of udder health over the years. For instance in Sweden, only
about a fourth of the cows receive dry cow therapy with long-acting antimicrobials at
drying off together with an ongoing reduction of systemic antimicrobials. Still, since
the first guidelines to apply SDCT were launched in 1996, the culling rate remained
more or less steady (ranging between 35.7 and 39.3%), while the last decade only
about 9% was udder health related. Moreover, between 2006 and 2017, the geometric
mean bulk milk SCC and clinical mastitis incidence further decreased from 207,000
to 188,000 cells/mL and from 15.5 to 7.3% respectively (Ekman et al., 2003; SDA,
2018). In Norway, dry cow therapy is rarely recommended (@steras et al., 2006) and
nowadays about 2% of the dairy cows receive dry cow therapy as only Staphylococ-
cus aureus, Streptococcus dysgalactiae, Streptococcus agalactiae and Streptococcus
uberis are targeted (@steras and Sglvergd, 2009; personal communications). Guide-
lines recommend sampling for culturing when the geometric mean composite SCC for

the last three months before dry period is between 100,000 and 600,000 to 700,000
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and culling at earliest convenience when above 600,000 to 700,000 cells/mL as curing
chances are nihil (@steras et al., 1999; @steras and L. Sglvergd, 2009).

More recently, in 2012, the Netherlands experienced a nationwide compulsory shift
to SDCT over a relatively short period of time and likewise. Overall, based on the
study of Santman-Berends et al. (2016), it could not be concluded that the restricted
antimicrobial use resulted in decreased udder health in Dutch dairy herds. The bulk
milk SCC even further decreased from 203,000 cells/mL in 2012 to 178,000 cell/mL
in 2017 (QLIP, 2017). At individual cow-level, under certain conditions, impact of
selectively withholding antimicrobials at drying off on udder health, milk yield and
culling has been studied in a few studies (Rajala-Schultz et al., 2011; Cameron et al.,
2015; Patel et al., 2017; Vasquez et al., 2018), all reporting minor differences between
SDCT and BDCT. Although promising, policies, conditions and management skills
and styles differ between countries, which can impact the consequences of SDCT. To
illustrate, the legal maximum bulk milk SCC ranges between 400,000 cells/ml (e.g.,
Europe, Australia, New Zealand, Canada) and 750,000 (e.g., United States) or above
(e.g., Brazil), already indicating a different approach towards managing mastitis. Be-
sides, within Europe, countries like some Nordic countries have been successfully low-
ering their antimicrobial uses for years on voluntary base and concomitantly have been
adapting their management skills. Therefore, the chance that cows (spontaneously)
cure and the skill-level of the farmers to prevent new IMI from occurring assumingly
differs between countries as well. Furthermore, criteria to leave cows without antimi-
crobials are debatable, and the herds that are enrolled highly impacts the study outcome
(e.g. university herds versus commercial herds). Therefore, one should be careful in
directly adopting the selection procedure of other countries, and in assuming the same

consequences.

1.5 Aim and Challenges of Selective Dry Cow Therapy

The goal of SDCT is to achieve an overall reduction of a dairy herd’s antimicrobial use
by decreasing the preventive use of antimicrobials at drying off (AMCRA, 2019), while
at least maintaining udder health. Ideally, milk samples are collected from all cows

prior to drying off to determine the infection status based on bacteriological culturing,
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yet this approach is not feasible in practice. Unlike some other countries, in Belgium,
there are no generally accepted guidelines to apply SDCT in commercial dairy herds,

thus more research is needed.

A first challenge is understanding infection dynamics across the dry period in Flem-
ish herds, while BDCT is applied. It is currently unknown how many cows are starting
the dry period in a healthy condition, and how they and how many cows remain healthy
across the dry period. As described in other studies, we also expect to find that long-
acting antimicrobials cannot prevent all new IMIs, nor can cure all existing IMIs, but
concrete numbers lack. Furthermore, the effect of infection dynamics on udder health
and other economically relevant parameters like milk yield and culling needs further
scrutiny. Ultimately, when shifting to SDCT, this knowledge will provide a baseline to

evaluate this practice.

A second challenge is correctly identifying uninfected and minor pathogen infected
cows in an affordable and practical manner, to avoid leaving major pathogen infected
cows without antimicrobials at drying off. This way, we are following in Norwegian
footsteps, a pioneering country in terms of prudent antimicrobial use (Figure[I.6), that
banned treating minor pathogen infections with antimicrobials a long time ago (@steras
and Sglvergd, 2009). Previously, a variety of parameters and criteria to differentiate
between infected and noninfected cows have been applied (e.g., Cameron et al., 2013;
Scherpenzeel et al., 2014; Vasquez et al., 2018). Somatic cell counting is still favored,
as this parameter is routinely measured as part of Dairy Herd Improvement programs
and fairly reliable as explained before. When combining several SCC data from milk
recordings before drying off, or when including other relevant information like the
cow’s parity, clinical mastitis history or DSCC, the accuracy of predicting the presence
of IMI at drying off might increase (Scherpenzeel et al., 2014; Jashari et al., 2016;
Damn et al., 2017) and seems promising for developing guidelines for SDCT (Scher-
penzeel et al., 2014; Damm et al., 2017; Vasquez et al., 2018). Yet, as the needs and
expectations of society (i.e., to maximally protect public health) are somewhat coun-
terbalanced with these of the producers (i.e., to maximally protect animal health and
financial income), the consequences of the selected parameters and cut-off values to

apply SDCT, need further attention.

A third challenge, given the complex multifactorial nature of mastitis, general
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good herd health management during lactation and during the dry period is crucial
(Schukken et al., 1992). Besides dry cow therapy, many other factors play an impor-
tant role that are very likely to impact infection dynamics across the dry period, and
consequently the success of SDCT. For instance, to avoid new IMIs to occur during
the dry period, an impeccable drying off technique and hygienic housing conditions
of the dry cows are required. Multiple quarter and cow-level factors have been linked
to the incidence of IMI during the dry period such as formation of keratin plug, teat
end integrity, SCC, parity, milk yield, and body condition (Williamson et al., 1995;
Dingwell et al., 2004; Green et al., 2007; Madouasse et al., 2012), and should be taken
into account when aiming at controlling these infections. Also, to maximize cure rates
during the dry period, cows should start the dry period in a healthy condition and with
an optimal immunity, as they are more likely to conquer existing but also invading
pathogens than cows in poor health prior to drying off (@steras et al., 1999; Halasa et
al., 2009).

In general, producers and veterinarians are hesitant to implement SDCT, as they
are concerned that this would be detrimental for udder health and consequently the
finances, as well as increase of labor. For sure, as tests are imperfect, some cows will
be falsely identified as noninfected or minor pathogen infected at drying off and con-
sequently not receive antimicrobials at drying off, yet the cow’s immune system might
overcome this IMI. Some other cows that are correctly identified as infected will indeed
receive antimicrobials at drying off, yet will have little to no chance of curing during
the dry period. This can be due to for instance inappropriate choice of antimicrobials,
antimicrobial resistance or chronic IMIs, consequently jeopardizing the chance of a
healthy new lactation and in turn determining the success of SDCT as well. Therefore,
estimating the consequences of shifting from BDCT to SDCT in commercial dairy
herds forms a fourth challenge. More research is needed towards the impact of SDCT
on economically relevant parameters like SCC, milk yield, clinical mastitis risk and
culling rate, when taking into account different management skill levels. This way, the
impact can be predicted more accurately and veterinarians and producers can be given

the tools to make a smooth transition into SDCT.
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In dairy cows, the dry period is a crucial period for the udder health, laying a foun-
dation for the subsequent lactation. For a long time, it was recommended to routinely
dry-off all cows with antimicrobials in order to cure cows from existing IMIs at drying
off and prevent new IMIs to occur during the dry period. As this practice in general
accounts for about a third of the antimicrobial use in a dairy herd, and because of its
merely preventive nature, SDCT has been advocated as an alternative strategy. Ulti-
mately, the goal is to reduce the threat of antimicrobial resistance by decreasing the
antimicrobial use in a herd, without harming udder health. This thesis will provide
the tools to kick-off SDCT in Belgium and provide insight in the consequences of the

transition. The main aims of this thesis were:

e To determine infection dynamics across the dry period of cows on herds applying
BDCT, and to study its association with udder health, milk yield and culling

hazard in the subsequent lactation (Chapter 3);

e To study the value of SCC data (Chapter 4.1) and SCC in combination with
DSCC data (Chapter 4.2) in differentiating major pathogen infected cows at

drying off from noninfected and minor pathogen infected cows;

e To study the implementation of SDCT in commercial dairy herds by use of an
algorithm, based on SCC data as determined in Chapter 4, and evaluate the cow’s
performance (udder health, milk yield, and culling hazard) and antimicrobial

consumption in subsequent lactation (Chapter 5).
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3.1 Abstract

In this study, we studied infection dynamics across the dry period using test-day so-
matic cell count (SCC) data from 739 Holstein cows from 33 randomly selected com-
mercial dairy herds in Flanders, all of which applied blanket dry cow therapy at drying
off. First, we determined infection dynamics, combining the last test-day SCC before
drying off and the first test-day SCC after calving. Next, we determined the effect
of dry period infection dynamics, adjusting for the level of the second test-day SCC
after calving, on the evolution of testday SCC and milk yield (MY) and on clinical
mastitis and culling hazard in the subsequent lactation. Using a SCC threshold of
200,000 cells/mL, 12.6% of the cows considered healthy before drying off acquired a
new intramammary infection (IMI) across the dry period, whereas 66.9% of the cows
considered infected before drying off cured from IMI. Infection dynamics across the
dry period significantly affect a cow’s SCC, clinical mastitis risk, and culling hazard
in the subsequent lactation. Cows with a new IMI, a cured IMI, or a chronic IMI
across the dry period had higher test-day SCC than healthy cows, and their test-day
SCC evolved differently over time. This was not the case for test-day milk yield, for
which no association with infection dynamics was detected. Furthermore, cows with a
second test-day SCC < 200,000 cells/mL had a lower test-day SCC in the remainder
of the lactation than cows with a second test-day SCC > 200,000 cells/mL, but this

association was modified by infection dynamics across the dry period.

The lowest test-day SCC in the remainder of the lactation was observed for cows
that remained healthy across the dry period combined with a low (< 200,000 cells/mL)
second test-day SCC. Cows that cured from an IMI present at drying off and cows
with a chronic IMI across the dry period were more likely to develop clinical mastitis
(hazard ratio = 2.23 and 3.56; 95% CI = 1.39-3.56 and 1.83-6.93, respectively), and
chronic IMI cows were more likely to be culled (hazard ratio = 3.68; 95% confidence
interval = 1.64 - 8.20) in the subsequent lactation compared with healthy cows. This
was not true for cows that became infected across the dry period. This study underlines
the importance of good udder health management during lactation to prevent IMI at
drying off rather than curing infected cows during the dry period to ensure optimal

udder health in the subsequent lactation.
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3.2 Introduction

Milk and dairy products are consumed around the world by billions of people, and
the global milk demand is still increasing (Bai et al., 2018). To further increase the
production in an ecologically and economically responsible manner, investing in an
optimal udder health and robust cattle is necessary. For dairy cows, the dry period is
an important period for udder health because dry cows can cure from intramammary
infections (IMI) present at drying off (Bradley and Green, 2000; Dingwell et al., 2004),
but udder health can also be threatened as many cows acquire new IMI in the dry period
(Bradley and Green, 2000, 2001; Whist and @steras, 2007).

Milk somatic cell counting is a valuable instrument for monitoring udder health in
lactating cows and is often used as a proxy for IMI (Dufour et al., 2011; Dufour and
Dohoo, 2012). In contrast to bacteriological culture results, SCC data can be easily
obtained from Dairy Herd Improvement (DHI) records, providing SCC values at the
individual cow level at regular intervals. The SCC cut-off generally suggested in lit-
erature to predict IMI is 200,000 cells/mL (Dohoo et al., 1981; Pantoja et al., 2009a).
Using this threshold and based on the last SCC record before drying off and the first
SCC record after calving, infection dynamics across the dry period have been studied
in Wisconsin (Cook et al., 2002; Pantoja et al., 2009a), Quebec (Canada; Fauteux et
al., 2014) and the UK (Madouasse et al., 2010), confirming the importance of mon-
itoring dry period infection dynamics because it allows producers to adapt dry cow
management practices. Still, only a few studies have described the impact of infection
dynamics on performance in the subsequent lactation. Green et al. (2002) and Pan-
toja et al. (2009b) reported that quarters that remained chronically infected across the
dry period had a higher likelihood of developing clinical mastitis (CM) in the first 120
DIM compared with those that remained healthy. However, the odds of developing CM
in newly infected and cured quarters only slightly differed from the odds in quarters
remaining healthy (Pantoja et al., 2009b). It remains to be studied whether the same
is true for cows as for quarters. Whether dry period infection dynamics affect culling

hazard and the evolution of test-day SCC and milk yield (MY) in the subsequent lac-
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tation also remains to be determined. It should not be ignored that both the innate
and acquired immunity are compromised during the transition period (Wankhade et
al., 2017), which can lead to an overestimation of the capacity of leukocytes present
in the milk in early lactation. For that reason, when studying the effect of dry period
infection dynamics, taking into account the second test-day SCC after calving, when
the immune system has regained capacity, might help predict the test-day performance
in the subsequent lactation more accurately.

The objectives of this study were (1) to describe infection dynamics across the dry
period from a large number of cows on randomly selected Flemish commercial dairy
farms using DHI test-day SCC data before drying off and after calving; and (2) to
quantify the effect of infection dynamics across the dry period on the evolution of test-
day SCC and milk yield and on CM and culling hazards in the subsequent lactation,

taking into account the second test-day SCC after calving.

3.3 Material and Methods

Herds, Cow and Udder Health, Clinical mastitis and Culling Data

The database for the current research originates from another study conducted in
Flanders (Verbeke et al., 2014), that enrolled 50 out of 67 randomly selected herds
from the Milk Control Center (MCC Flanders, Lier, Belgium) database, by use of
the Excel RAND function (Excel 2010; Microsoft Corp., Redmond, WA). During the
study period between September 2012 and October 2013, the producers monitored CM
events in the herd. Out of the 50 herds, 33 herds participated in the local DHI program
of the cooperative cattle improvement organization (CRV, Sint-Denijs-Westrem, Bel-
gium), providing cow-level SCC and MY data as well as culling information for 3,128
cows. These herds were geographically scattered over the 5 provinces of Flanders:
East Flanders (n = 12), West Flanders (n = 8), Antwerp (n = 7), Limburg (n = 4) and
Flemish Brabant (n = 2). All producers applied blanket dry cow therapy with either
a narrow (n = 1; cefalexin) or broad spectrum antibiotic tube (n = 32; cefquinome,
cloxacillin, combination of cloxacillin and ampicilline, rifaximin). Most producers
additionally applied internal teat sealants (n = 28), while some herds never or only

sometimes applied an internal teat sealant (n = 2 and n = 3, respectively). All herds
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Table 3.1: Structure of the data

Data Level n Average number per Range
unit at next-higher
level
Dataset "test-day”! Herds 33
Cows 739 22 4 - 65
DHI records 3,311 448 1-10
Subset “test-day-sub”?  Herds 33
Cows 640 19 2-60
DHI records 2,485 3.88 1-9
Dataset "CM™! Herds 31
Cows 686 22 4-61
Dataset “culling”! Herds 33
Cows 739 16 4 - 65

'Including DHI records between 12 and 285 DIM and starting from the second DHI record
after calving. CM = clinical mastitis.

%Including DHI records between 12 and 285 DIM and starting from the third DHI record after
calving.

milked Holstein-Friesian cows, mostly with a conventional milking parlor (n = 30). In
the other herds, cows were milked using an automatic milking system (n = 2) orin a
tie-stall (n = 1). The herd size averaged 69 lactating cows (range of 27 to 240 lactating

COWS).

To be included in the study, any cow was required to have a DHI record at a maxi-
mum of 42 d before drying off and at least 2 DHI records after calving. Additionally,
only cows with a first DHI record between 12 (Dohoo, 1993) and 42 DIM were kept in
the dataset, resulting in 33 herds housing 739 cows with 3,311 DHI records available
for analyses, referred to as dataset “test-day” (Table [3.1). The parity after calving of
each cow and DIM at test-day were available via DHI records. Each cow contributed
1 lactation to the dataset and needed at least 1 DHI record before drying off and at
least 2 DHI records after calving to be included. As the exact dates of drying off were
not available for the individual cows, they were considered dried off halfway between
the last DHI record and the next DHI recording taking place in the herd, resulting in
a herd-average dry period length of 53 d (ranging between 43 and 65 d). Overall, the
interval between DHI recordings ranged between 21 and 58 d. To be able to adjust for

the level (high or low) of the second test-day SCC after calving, a subset of the dataset
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“test-day” was created (subset “test-day-sub”). Again, 1 DHI record before drying off
and a minimum of 3 DHI records after calving in this case were required for a cow to

be included (Table [3.1).

Additionally, starting from dataset “test-day,” 2 more datasets were created to study
potential associations between dry period infection dynamics and the hazard of devel-
oping CM (dataset “CM”) and the culling hazard (dataset “culling”) in the subsequent
lactation (Table[3.1)). In dataset “CM,” data from 2 herds (29 cows) were not included
because they failed to collect samples of each CM case (Verbeke et al., 2014). Cows
without CM data (n = 13) and cows suffering from a CM case before their first DHI

record (n = 11) were excluded from further analyses.

Infection Dynamics based on DHI records Across the Dry Period

Cows with an elevated SCC (> 200,000 cells/mL) were considered to infected
whereas cows with a SCC < 200,000 cells/mL were considered noninfected. Infection
dynamics across the dry period were defined using test-day SCC at the last DHI record
measured within 6 wk before drying off and the first DHI record after calving, mea-
sured between 12 d (Dohoo, 1993) and 6 wk post-calving. This resulted in an interval
from 56 to 156 d.

Using the test-day SCC prior to drying off and after calving, cows were defined
as (1) healthy: test-day SCC < 200,000 cells/mL before and after the dry period;
(2) newly infected: test-day SCC < 200,000 cells/mL before the dry period and >
200,000 cells/mL after the dry period; (3) cured from an existing IMI: test-day >
200,000 cells/mL before the dry period and < 200,000 cells/mL after the dry period;
and (4) chronically infected: test-day SCC > 200,000 cells/mL before and after the
dry period.

The new IMI risk was calculated by dividing the number of cows with a new IMI
by the total number of cows being healthy at drying off. The cured IMI risk was calcu-
lated by dividing the number of cows with cured IMI by the total number of infected

cows at drying off.

Performance in the Subsequent Lactation

Test-day SCC and Milk Yield. Individual SCC (x 1,000 cells per mL) and compos-
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ite MY (kg of milk/d) at test-day per cow were available from DHI records. The first
test-day SCC was measured between 12 and 42 DIM, while the second test-day SCC
was measured between 34 and 93 DIM. The cow performance variables test-day SCC
and MY in the dataset “test-day”, were measured ranging from 30 till 285 DIM, while
in subset “test-day-sub”, the DIM ranged from 63 till 285 DIM.

Clinical Mastitis and Culling. Signs of CM were defined as visible abnormalities
of the udder or milk (absence or presence of clots in milk, a hard quarter, or systemic
illness), indicating udder inflammation, and were observed by the farmer by exami-
nation of foremilk and the udder before milking. In herds with an automated milking
system, producers examined foremilk and the udder of cows with changes in sensor
data (electrical conductivity, color, and yield), reduced milking frequency, or visual
abnormalities (e.g., swelling or redness of the udder) (Verbeke et al., 2014). Culling
date of cows that were culled for any reason were retrieved from DHI records. Only
CM cases and culling events between 12 and 285 DIM were included in dataset “CM”

and dataset “culling”, respectively.

Statistical Analyses

Test-day SCC and Milk Yield. The association between the infection dynamics
across the dry period (predictor variable of main interest) and test-day LnSCC (natural
logarithmic transformation of SCC to normalize the data) or MY (outcome variables),
respectively, was determined using linear mixed regression models (PROC MIXED,
SAS 9.4, SAS Institute Inc.) using dataset “test-day”. Herd was included as a random
effect. The model was fit also including DIM, the quadratic term for DIM (DIM?),
as continuous predictor variables, and the infection dynamics across the dry period
(i.e., healthy, newly infected, cured from an existing IMI and chronically infected) and

parity (3 levels: 2, 3 and > 4) as categorical predictor variables.

A weighting factor, called “corrected interval”, was calculated using the formula:

56days

Tnterval(days)” and was included as an additional continuous fixed

corrected interval =
effect to correct for the interval between the last DHI record before dry period and
the first DHI record after calving for each cow (with a minimum interval of 56 d in the
dataset “test-day’). Starting from a full model including the aforementioned predictors

and the two-way interactions with the infection dynamics, predictors were excluded
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in a backward stepwise manner when statistically non-significant (P > 0.05) unless
included in a significant interaction. Using subset “test-day-sub”, models were ran
including all aforementioned predictors but also including the second test-day SCC [2
levels: low (< 200,000 cells/mL) and high (> 200,000 cells/mL)].

Clinical Mastitis and Culling. The association between the infection dynamics
across the dry period (predictor variable of main interest) and the hazard of developing
CM or being culled (outcome variables), was determined using survival analysis. A
shared frailty survival model was fit using dataset “CM” and dataset “culling” with
time in days between calving and the occurrence of CM (first case of CM versus cen-
sored) or the occurrence of culling (culled versus censored), respectively, as outcome
variables. Cows that did not develop CM or were not culled before the end of the study
period were censored. Herd was included as a frailty effect to correct for clustering
of cows within herds. The infection dynamics across the dry period (4 levels: healthy,
newly infected, cured from an existing IMI and chronically infected), parity (3 lev-
els: 2, 3 and > 4) and the aforementioned weighting factor “corrected interval”, were
included as additional categorical and continuous predictor variables (PROC PHREG,
SAS 9.4, SAS Institute Inc.). The two-way interactions with infection dynamics across
the dry period were tested and maintained in the model when statistically significant
(P < 0.05). All predictors were excluded in a stepwise manner when statistically non-

significant (P > 0.05) unless included in an interaction.

3.4 Results

Infection Dynamics Across the Dry Period

In dataset “test-day”, the median parity, SCC at the last DHI record before drying
off, and interval between the last DHI record before dry period and first DHI record
after calving, were 2 (interquartile of 1 to 3), 124,000 cells/mL (interquartile range of
73,000 to 288,000 cells/mL), and 90 d (interquartile range of 83 to 110 d), respectively.
The test-day MY at the last DHI record was normally distributed with a mean of 17.05
kg per day (standard deviation of 6.00).

Out of 739 cows, 424 cows (57.4%) remained healthy, 61 (8.3%) acquired a new
IMI, 170 (23.0%) cured from an existing IMI, and 84 (11.4%) remained chronically
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Figure 3.1: Association between infection dynamics across the dry period and
test-day somatic cell counts (LnSCC; x 1,000 cells/mL) during the subsequent
lactation. An LnSCC of 3.9, 4.6 and 5.3 is similar to a SCC of 50, 100 and 200
(x1,000) cells/mL, respectively. Cows were considered healthy (test-day SCC <
200,000 cells/mL before and after the dry period), newly infected (new IMI) (test-day
SCC < 200,000 cells/mL before the drying off and > 200,000 cells/mL after calving),
cured (cured from an existing IMI) (test-day SCC > 200,000 cells/mL before drying
off and < 200,000 cells/mL after calving), or chronically infected (chronic IMI)
(test-day SCC > 200,000 cells/mL before and after the dry period).

infected. The new IMI risk was 12.6% (61 out of 485 cows), whereas the cured IMI
risk was 66.9% (170 out of 254 cows).

Out of 626 cows in subset “test-day-sub”, 525 (83.9%) had a second test-day SCC
in the same category (i.e., high or low) as was observed at the first test-day SCC after
calving. Of the healthy cows (n = 367), 91.8% (n = 337) had a low second test-day
SCC, while 56.0% (28 out of 50 cows) of the cows developing a new IMI across the
dry period, 80.9% (114 out of 141 cows) of the cows that cured from an IMI across the
dry period and 23.5% (16 out of 68 cows) of the chronically infected cows had a low
second test-day SCC.
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Figure 3.2: Association between infection dynamics across the dry period and
test-day somatic cell counts (LnSCC, x 1,000 cells/mL) during the subsequent
lactation, corrected for the second-test-day SCC (low: < 200,000 cells/mL and high:
SCC > 200,000 cells/mL). An LnSCC of 3.9, 4.6 and 5.3 is similar to a SCC of 50,
100 and 200 (x1,000) cells/mL, respectively. Cows were considered healthy (test-day
SCC < 200,000 cells/mL before and after the dry period), newly infected (new IMI)
(test-day SCC < 200,000 cells/mL before the drying off and > 200,000 cells/mL after
calving), cured (cured from an existing IMI) (test-day SCC > 200,000 cells/mL
before drying off and < 200,000 cells/mL after calving), or chronically infected
(chronic IMI) (test-day SCC > 200,000 cells/mL before and after the dry period).

Associations Between the Infection Dynamics Across the Dry Period and the Per-

formances in the Subsequent Lactation

Test-day SCC. Test-day LnSCC in the subsequent lactation was higher in newly
infected, cured, and chronically infected cows compared with healthy cows (dataset
“test day”; Table[3.2)and Figure [3.1)). Still, the evolution of LnSCC with DIM was sig-
nificantly different between them (significant interaction between infection dynamics
and DIM; Table[3.2]and Figure [3.1).

The evolution of LnSCC over time in a subsequent lactation was different when
including the level of the second test-day SCC (dataset “test-day-sub”) than without

this variable in the model, and depended on infection dynamics. Also, the effect of
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infection dynamics on LnSCC was modified by the level of the second test-day SCC,
which was almost significant and kept in the model due to biological relevance (P =
0.055; Table [3.2] and Figure [3.2)). Healthy cows that remained low at the second test-
day had a lower test-day SCC in a subsequent lactation than newly infected, cured, and
chronically infected cows with a either a low or high second test-day SCC and healthy

cows with a high second test-day SCC (Figure [3.2)).

Test-day Milk Yield. Test-day MY in the subsequent lactation was significantly
associated with parity [P < 0.01; parity 2 cows produced on average 1.94 and 1.64
kg per day less in the subsequent lactation than parity 3 and parity > 4 cows (P <
0.01), respectively], DIM (P < 0.01; 3 = -0.09), DIM? (P < 0.01; 3 =6%107), and the
corrected interval (P = 0.02; 5 = -3.95), but not with infection dynamics (P = 0.13)

(Figure [3.3).

Clinical Mastitis and Culling. In total, 79 cows suffered from CM during the
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Figure 3.3: Association between infection dynamics across the dry period and
test-day milk yield during the subsequent lactation for all parities combined and per
parity. Cows were considered healthy (test-day SCC < 200,000 cells/mL before and
after the dry period), newly infected (new IMI) (test-day SCC < 200,000 cells/mL
before the drying off and > 200,000 cells/mL after calving), cured (cured from an
existing IMI) (test-day SCC > 200,000 cells/mL before drying off and < 200,000
cells/mL after calving), or chronically infected (chronic IMI) (test-day SCC >
200,000 cells/mL before and after the dry period).
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study period, of which 30 (7.6% of 397 cows), 7 (13.5% of 52 cows), 25 (15.4% of
162 cows), and 17 (22.7% of 75 cows) were healthy, newly infected, cured from an
existing IMI, and chronically infected, respectively. The median and average DIM
at occurrence of the first CM case was 89 and 107 DIM, respectively. The hazard
of CM was significantly higher in cows with cured and chronic IMI compared with
healthy cows (hazard ratio = HR = 2.23 and 3.56; 95% CI = 1.39-3.56 and 1.83-6.93,
respectively; Table[3.3]and Figure 3.4). This was not true for cows that became newly
infected across the dry period.

In total, 39 cows were culled during the study period, of which 15 (3.5% of 424
cows), 3 (4.9% of 61 cows), 11 (6.5% of 170 cows), and 10 (11.9% of 84 cows) were
healthy, newly infected, cured from an existing IMI, and chronically infected, respec-
tively. The median and average DIM at culling was 165 and 168 DIM, respectively.
Chronically infected cows were more likely to be culled than healthy cows (hazard
ratio = 3.68; 95% CI = 1.64 - 8.20; Table[3.4]and Figure [3.5)). Again, this was not true

for cows that became infected across the dry period.

3.5 Discussion

In this study, dry period infection dynamics from a large number of cows from a large
number of randomly selected commercial dairy herds using blanket dry cow treatment
were described using test-day SCC before and just after the dry period. In addition,
we scrutinized associations with future performance (udder health, milk yield, and
culling). The importance of IMI at the last test-day(s) before or at drying off for the
subsequent lactation performance has been studied thoroughly, especially in an in-
creasing number of studies searching for an optimal method to implement selective
dry cow therapy (e.g., @Dsteras et al., 1999; Rajala-Schultz et al., 2011; Scherpenzeel
et al., 2014). Combining the SCC information before and after drying off has previ-
ously been demonstrated to be useful by Pantoja et al. (2009a), yet only the effect on
the first test-day MY post-calving, and not the effect on test-day SCC and MY in the
remainder of the subsequent lactation, was studied. The current study revealed that
entering the dry period with an IMI negatively affected udder health (test-day SCC and

CM risk) as well as culling hazard in the subsequent lactation, reinforcing the need for
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Table 3.3: Final shared frailty survival models describing the association between
infection dynamics across the dry period and the hazard of developing clinical
mastitis in the subsequent lactation

Predictor variables n ok SE HR? 95 % CIHR? P-value
Infection dynamics? <0.01*
Healthy 397 Referent

New IMI 52 0.58 041 1.78 0.80 - 3.99

Cured IMI 162 0.80 0.28 2.23 1.29 - 3.85

Chronic IMI 75 1.27 0.34 3.56 1.83-6.93

'Regression coefficient.

?Hazard ratio and 95% CI of HR.

SHealthy = test-day SCC < 200,000 cells/mL before drying off and after calving; new IMI
= test-day SCC <200,000 cells/mL before drying off and > 200,000 cells/mL after calving;
cured IMI = test-day SCC > 200,000 cells/mL before drying off and < 200,000 cells/mL
after calving; and chronic IMI = test-day SCC > 200,000 cells/mL before drying off and after
calving.

4Overall P-value of the fixed effect.

Table 3.4: Final shared frailty survival models describing the association between
infection dynamics across the dry period and the culling hazard in the subsequent
lactation

Predictor variables n ok SE HR? 95 % CIHR? P-value

Infection dynamics? <0.01*
Healthy 424 Referent

New IMI 61 030 063 135 0.39-4.64

Cured IMI 170  0.69 040 200 091-4.37

Chronic IMI 84 1.30 041 3.68 1.64 - 8.20

Regression coefficient.

’Hazard ratio and 95% CI of HR.

3Healthy = test-day SCC < 200,000 cells/mL before drying off and after calving; new IMI =
test-day SCC < 200,000 cells/mL before drying off and > 200,000 cells/mL after calving;
cured IMI = test-day SCC > 200,000 cells/mL before drying off and < 200,000 cells/mL
after calving; and chronic IMI = test-day SCC > 200,000 cells/mL before drying off and after
calving.

4Overall P-value of the fixed effect.
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excellent udder health management during lactation and before the dry period. This
shows the value of analyzing DHI data to pinpoint specific udder health issues on dairy
farms; when combined with regular culturing of milk to identify the mastitis-causing
pathogens in the herd, udder health can be managed appropriately. In Flanders in 2012,
46.7% of all dairy herds participated in milk recording, housing 50 lactating cows on
average (CRV). However, the 33 enrolled herds in this study were larger, averaging 68
lactating cows. It is somewhat disappointing that only 23.6% of cows fulfilled all re-
quirements for inclusion in the study. When commercial dairy farms are included, the
quality of DHI recording differs between herds. Most herds struggled to provide DHI
recordings on a regular basis, and 6 herds skipped one or more DHI recordings during
the study period. Unfortunately, at the cow level, missing SCC values also occurred
regularly. On average, we needed 98 d to collect all data to define dry cow infection
dynamics and its effect for 1 cow during a 1-yr study period, which explains why only
about onefourth of the cows were enrolled in dataset “test-day,” and some herds con-
tributed more cows to the dataset than others (representing between 0.5 and 8.8% of

the 739 cows in dataset “test-day”).

Many studies have reported associations between IMI during the dry period and
IMI during lactation at the quarter-level (e.g., Oliver and Mitchell, 1983; Todhunter et
al., 1991; Bradley and Green, 2000), yet only a few studies have described infection
dynamics across the dry period (i.e., healthy, new IMI, cured IMI, chronic IMI) perfor-
mance in the subsequent lactations. Although SCC is only a proxy for IMI, analyzing
test-day SCC before and after the dry period is the most feasible way to monitor infec-
tion dynamics across the dry period (Dufour and Dohoo, 2012). Using a threshold of
200,000 cells/mL, 12.6% of cows acquired a new IMI in the dry period, whereas 66.9%
of the cows cured from an existing IMI, despite the use of long-acting antimicrobials.
This implies that dry cow therapy alone cannot guarantee good udder health across the
dry period. Thus, additional measures such as decreasing infection pressure during the
dry period, preventing bacteria from entering the udder by use of internal teat sealants
(Huxley et al., 2002), improving cows’ immune status (Sordillo and Streicher, 2002),
and culling cows that have limited odds of curing (@steras et al., 1999) are necessary to
control mastitis during the dry period. The new IMI risk was lower than that reported in

Canadian, American, and British research, which varied between 19 and 22.4% (Cook
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Figure 3.4: Kaplan-Meier graph showing the association between infection dynamics
across the dry period and the hazard of developing clinical mastitis in the subsequent
lactation, from 12 (after the first post-calving DHI record) till 285 DIM. Cows were
considered healthy (test-day SCC < 200,000 cells/mL before and after the dry
period), newly infected (new IMI) (test-day SCC < 200,000 cells/mL before the
drying off and > 200,000 cells/mL after calving), cured (cured from an existing IMI)
(test-day SCC > 200,000 cells/mL before drying off and < 200,000 cells/mL after
calving), or chronically infected (chronic IMI) (test-day SCC > 200,000 cells/mL
before and after the dry period).

et al., 2002; Pantoja et al., 2009a; Fauteux et al., 2014; Henderson et 1., 2016) and the
15.7% obtained by Pantoja et al. (2009a) via bacteriological culturing. Meanwhile, the
cured IMI risk in our study corresponded well to the reported cured IMI risks of 63 to
71.4% using test-day SCC (Pantoja et al., 2009a; Madouasse et al., 2010; Fauteux et
al., 2014; Henderson et al., 2016) and with cured IMI risks obtained via bacteriological
culturing of 69.0% (Pantoja et al., 2009a). Still, as the early lactation is notorious for
udder infections (Bradley and Green, 2004), the new IMI proportion might be lower
and the cured IMI proportion might be higher than portrayed by infection dynamics
in this study. Thus, the true protection against new infections and the cure of existing

infections due to dry cow therapy during the dry period is probably biased.

Interestingly, in our study, in addition to the cows with chronic IMI, as was also
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Figure 3.5: Kaplan-Meier graph showing the association between infection dynamics
across the dry period and the culling hazard in the subsequent lactation, from 12 (after
the first post-calving DHI record) till 285 DIM. Cows were considered healthy
(test-day SCC < 200,000 cells/mL before and after the dry period), newly infected
(new IMI) (test-day SCC < 200,000 cells/mL before the drying off and > 200,000
cells/mL after calving), cured (cured from an existing IMI) (test-day SCC > 200,000
cells/mL before drying off and < 200,000 cells/mL after calving), or chronically
infected (chronic IMI) (test-day SCC > 200,000 cells/mL before and after the dry
period).

reported for quarters by Green et al. (2002) and Pantoja et al. (2009b), cows that cured
from an IMI during the dry period were more likely to develop CM in the subsequent
lactation and had a higher SCC (but not a lower MY) compared with healthy herd-
mates. A possible explanation for this finding is that cows that cure from an IMI simply
remain more susceptible to new IMI, due to anatomical damage to the teat canal barrier
(Rainard and Riollet, 2006). A second hypothesis is that cows did not cure bacterio-
logically across the dry period despite their test-day milk SCC being below 200,000
cells/mL at the first DHI recording after calving. Other well-known cow-level factors
that affect the risk of IMI in the subsequent lactation include teat apex hyperkeratosis
and diameter (Breen et al., 2009; Guarin and Ruegg, 2016; Pantoja et al., 2016), udder
and leg hygiene (Schreiner and Ruegg, 2003), negative energy balance (Suriyasatha-
porn et al., 2000), MY at drying off (Huxley et al., 2002; Dingwell et al., 2004), and
genetic predisposition (Detilleux, 2009), yet these were not monitored in our study.

A significant proportion of culling (Fetrow et al., 2006) and CM (Bradley and
Green, 2004) occurs during early lactation; although these events were only moni-

tored after the first DHI record (taking place between 12 and 42 DIM) in the present
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study, the infection dynamics were still significantly associated with culling and CM.
As expected (but not previously studied), cows with chronic IMI were more likely to
be culled in the subsequent lactation up to 285 DIM compared with healthy cows. This
suggests compliance with general recommendations to cull chronically infected cows
as these cows generally perform badly in the subsequent actation (Green et al., 2002;
Pantoja et al., 2009b). The fact that culled cows produced approximately 1.4 kg/d less
at the last test-day before drying off than cows that were not culled (data not shown)
suggests that suboptimal MY might have played at least a partial role in the culling de-
cision. Although not significantly associated, cows that entered the dry period with an
IMI yet cured from it tended to be more likely to be culled than healthy cows, possibly
because of a significantly higher CM hazard. In any case, taking an IMI from lactation

into the dry period was far from optimal.

The second test-day SCC was measured starting from 34 DIM, thus late in or some-
what after the transition period, and provided additional information to the first test-day
SCC value. Healthy cows with a low second test-day SCC still had a lower test-day
SCC in the subsequent lactation compared with newly infected cows, cows with a
chronic IMI, and even cows that cured from an IMI with either a low or high second
test-day SCC, which implies that management should aim for a proportion of healthy
cows with a low second test-day SCC in the herd higher than the 53.8% found in the
current study. Cured IMI cows (compared with healthy cows) were about twice as
likely to shift again to a high second test-day SCC, indicating that these cows were ei-
ther not bacteriologically cured in the dry period or that they contracted a new IMI after
calving. This resulted in significantly higher test-day SCC in the subsequent lactation

compared with healthy cows.

These findings might also explain why cows that cured from an existing IMI dur-
ing the dry period were more likely to contract CM during the next lactation. Strik-
ingly, more than 50% of the newly infected cows could be considered healthy based
on their second test-day SCC. Possibly, the acquired IMI present after calving cured
with the help of the restored innate and acquired immunity, which might explain why
new IMI cows were not at higher risk for CM and culling compared with healthy cows.
Also, non-aureus staphylococci infections are highly prevalent at calving (Pantoja et

al., 2009a; Piepers et al., 2011) and are known as a group to moderately increase the
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SCC (Piepers et al., 2013; Supré et al., 2011), although some authors have described a
high spontaneous cure of these infections in early lactation (e.g., Oliver and Jayarao,
1997; Taponen et al., 2006), resulting in an early lactation SCC decrease. Another
explanation is that the SCC at the first DHI record is physiological higher than SCC
later in the same lactation (e.g., Dohoo, 1993; Madouasse et al., 2012), in spite of the
12 DIM threshold used to enroll the first DHI record after calving.

Unlike the findings reported by Pantoja et al. (2009a), infection dynamics across
the dry period and MY in the subsequent lactation were not associated. When including
LnSCC at test-day as a predictor variable in the model for MY, a significant negative
association was found, as expected (data not shown), and it resulted in a remarkable
reduction of the P-value of the infection dynamics. Therefore, we can hypothesize that
the high SCC because of an IMI during the dry period is the main cause of a decreased
MY in the subsequent lactation, rather than impairment of mammary function, as was
concluded for heifers (De Vliegher et al., 2005). Of course, as SCC is only an estima-
tion of the infection status of cows, the accuracy of predicting the outcome of infection
dynamics can probably be increased when additional information is taken into account,
such as MY and DIM at the last milk recording or the 3 last test-day SCC before the
dry period, rather than only the last (Torres et al., 2008; Vasquez et al., 2018).

3.6 Conclusion

Healthy cows across the dry period outperformed newly infected, cured, and chroni-
cally infected cows when looking at SCC, CM, and culling hazard in the subsequent
lactation. Moreover, healthy cows that remained healthy in early lactation had the low-
est SCC in the entire subsequent lactation compared with cows that had an infection
either at drying off, at calving, or in early lactation. Cows with an IMI at drying off,
regardless of whether they managed to cure from the infection, were at a higher risk of
CM and elevated SCC in the subsequent lactation compared with healthy cows. Addi-
tionally, cows with a chronic IMI across the dry period performed the worst in terms
of CM risk and SCC in the subsequent lactation, but were also more likely to be culled
compared with healthy cows. Therefore, it is recommended to focus on preventing IMI

during lactation; for example, by implementing the National Mastitis Council 10-Point
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Program, rather than on curing an existing IMI at drying off or even preventing new
IMI during the dry period. Test-day MY was not associated with infection dynamics
across the dry period but depended on SCC at test day in the subsequent lactation. Be-
sides monitoring infection dynamics during lactation, regular evaluation of infection
dynamics across the dry period based on a specific SCC threshold (we used 200,000
cells/mL) should be implemented as part of any herd health monitoring program to

monitor and further improve the udder health before, during, and after the dry period.
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4.1.1 Abstract

The objectives of this study were (1) to determine the test characteristics and predictive
values of cow-level milk SCC information from (multiple) test-day recordings prior to
drying off in order to identify major pathogen infected cows at drying off; and (2)
to explore to what extent (an estimate of) the herd prevalence of subclinical masti-
tis, milk yield level and parity of the cows affect the estimates. In total, 550 cows
from 15 commercial dairy herds with an overall good udder health management were
dried-off during a study period of six months. Test-day SCC were available through
milk recording and within 5 d before drying off cows were sampled for quarter-level
bacteriological culturing serving as gold standard. Sensitivity (Se), specificity (Sp),
positive predictive value (PPV), and negative predictive value (NPV) were calculated
at different threshold values of SCC, ranging between 50,000 and 500,000 cells/mL,
to detect major pathogen infected cows. At a commonly used threshold of 200,000
cells/mL, the Se and Sp of (a combination of) test-day SCC before drying off ranged
between 37.6 and 57.6% and between 66.7 and 79.3% respectively. Still, estimates
were modified by the herd level prevalence of subclinical mastitis and the cow’s milk
yield and parity. For instance, at the 200,000 cells/mL threshold using the geometric
mean SCC of the three last test-days, the overall Se, Sp, PPV and NPV were 37.6, 79.3,
30.8 and 83.9%, respectively, whereas these were 27.8, 87.5, 21.7 and 90.6% respec-
tively for heifers and 40.3, 73.5, 33.3 and 78.9% respectively for multiparous cows.
In conclusion, test-day SCC records obtained via milk recording are reliable to detect
dairy cows at drying off that are not infected with major pathogens as determined by
bacteriological culture and could eventually facilitate implementation of selective dry
cow therapy in commercial dairy herds. As an estimate of the herd-level prevalence
of subclinical mastitis, milk yield level and parity of the cows affect the estimates of
the test characteristics and predictive values to some extent, one should consider tak-
ing these parameters into account when differentiating infected from noninfected cows

based on SCC data.

Key Words: drying off, test characteristics, predictive values, somatic cell count

data
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4.1.2 Introduction

Subclinical mastitis continues to be one of the most expensive diseases for the dairy
sector, as it greatly affects milk production and quality (Halasa et al., 2007). To detect
intramammary infections (IMI), bacteriological culture of milk samples remains the
gold standard (Hogan et al., 1999), also at drying off. Yet, due to practical and finan-
cial constraints, it is not often used. The California Mastitis Test is a cheap and quick
alternative which has been used to detect major pathogen infected cows, also at drying
off (Poutrel and Rainard, 1981), but lacks accuracy. More promising in that respect
is an on-farm culture system such as the 3M Petrifilm culture system (Cameron et al.,
2013), although this method requires time, sufficient expertise (e.g., a large enough
herd) and specific material. The use of SCC as a proxy for a cow’s udder health, i.e.,
to differentiate between infected and noninfected cows using a specific threshold, has
been used in many countries for years, and is also part of Dairy Herd Improvement
(DHI) programs (e.g., Laevens et al., 1997; Barrett et al., 2006; Madouasse et al.,
2010) providing cow-level SCC data on a regular base. Recently, the test characteris-
tics and predictive values of composite SCC information obtained via DHI recordings
throughout lactation were estimated to distinguish major pathogen infected lactating
cows from non-infected and minor pathogen infected lactating cows. At a threshold of
200,000 cells/mL, a sensitivity (Se), specificity (Sp), positive (PPV) and negative pre-
dictive value (NPV) of 65.1, 73.0, 40.6, and 88.1% respectively, were reported (Jashari
et al., 2016). Whether test-day SCC information available prior to drying off can be
used to accurately identify major pathogen infected cows at drying off remains to be

determined.

Still, last test-day SCC information before drying off (e.g., Scherpenzeel et al.,
2014; Vanhoudt et al., 2018) was used as the main selection criterion to implement
selective dry cow therapy (SDCT), whereas combining the SCC information from sev-
eral DHI records before drying off seems promising (Torres et al., 2008). The authors
also suggested to consider herd characteristics like herd IMI prevalence as this will
likely impact the test efficacy and predictive values. Still, whether the cow’s parity and
milk yield levels besides the herd prevalence of subclinical mastitis also impact the Se,
Sp, PPV and NPV when predicting the IMI status at drying off, as they do in lactation

(Jashari et al., 2016), remains to be studied.
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The objectives of this study were (1) to determine the test characteristics and pre-
dictive values of cow-level milk SCC information based on (multiple) test-day record-
ings prior to drying off in order to differentiate between noninfected/minor pathogen
infected cows and major pathogen infected cows at drying off, using bacteriological
culture as gold standard; and (2) to explore to what extent (an estimate of) the herd
prevalence of subclinical mastitis, milk yield level and parity of the cows affect the

estimates.

4.1.3 Material and Methods

Enrolment of Herds and Animals

In total, 15 dairy herds milking 1,363 Holstein Friesian cows were enrolled. All
herds participated in the local DHI program of the cooperative cattle improvement or-
ganization (CRYV, Sint-Denijs-Westrem, Belgium) on a four- to six-weekly basis. The
herds were required to have an overall good udder health management, as reflected
by a geometric mean bulk milk SCC (BMSCC) < 250,000 cells/mL (Schukken et al.,
1992) for a period of six months before enrollment in the study (calculation see fur-
ther). All herds had a conventional milking parlor (tandem, n = 5; herringbone, n = 5;
side-by-side, n = 4; carousel, n = 1). The average number of lactating cows per herd
was 91 (ranging from 48 to 215) and the average 305 d milk production was 8,839
kg (ranging from 5,922 to 11,594 kg) on the last DHI record before the start of the
sampling period (i.e., when drying off the first cow per herd). The geometric mean
BMSCC of April 2015 (i.e., start of the sampling period) was calculated based on the
available BMSCC records of the month April (4 to 8 measurements per herd) and re-
vealed a minimum, a maximum and an average of 73,000 cells/mL, 317,000 cells/mL
and 175,000 cells/mL, respectively. All producers applied blanket dry cow therapy and
cows calved year-round. For practical reasons, a minimum of about 50 lactating cows
per herd was applied as an inclusion criterion as well as being situated within a 50
km radius around the Faculty of Veterinary Medicine of Ghent University (Merelbeke,
Belgium).

Between April and December 2015, 582 cows were dried-off, of which 32 were
excluded from the dataset due to incomplete data (see further), resulting in 550 cows

available for analyses.
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Samplings

The last three DHI records before drying off per cow were captured in a database,
including the SCC values (SCC DHI-3, SCC DHI-2 and SCC DHI-1, respectively, as
compared to the day of drying off) (cows being at 256, 293 and 330 DIM, respec-
tively). Within a maximum of 5 d before drying off, all cows were sampled by the first
author. Before milking, after discarding the first streams of milk and after disinfection
of the teats, single quarter milk samples (volume: 5 mL) were collected for culturing.
At all times, milk samples were transported and stored under cooled conditions (4°C).
Within 24 hours after sampling, bacteriological culturing was performed on the asepti-
cally collected quarter milk samples. In case bacteriological culturing was not feasible
within 24 hours after sampling, milk samples were frozen at -18°C awaiting further
analyses for periods up to 1 week. Although it is known that freezing can impact
the recovery of certain bacteria (Hubackova and RySanek, 2007), due to the limited
freezing period and the limited number of samples that were frozen, this effect, if any,

would have been minimal.

Twenty-five cows did not have a DHI record available that provided last test-day
SCC before drying off, while 7 cows were not sampled (n = 5) for culturing, or were

sampled too early (i.e., > 5 days before drying off, n = 2).

Laboratory Analyses

Bacteriological Culturing. Culturing was performed as prescribed by National
Mastitis Council guidelines (Hogan et al., 1999). From each quarter sample, 10uL
of milk was inoculated on a quadrant of a blood-esculin (Oxoid, Aalst, Belgi€¢) and a
MacConkey agar (Oxoid). After an aerobic incubation period of 24h and 48h at 37°C,
phenotypically different colonies were counted and identified using Gram-staining and
inspection of the colony morphology. Catalase tests were performed to differentiate
staphylococci (Gram-positive and catalase-positive) and streptococci (Gram-positive
and catalase-negative). DNase tests, colony morphology, hemolysis patterns and co-
agulase tests were used to distinguish Staphylococcus aureus and non-aureus staphy-
lococci. Streptococci were subdivided into esculin-positive streptococci (Streptococ-

cus uberis and other esculin-positive streptococci) and esculine-negative streptococci
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(Streptococcus agalactiae and Streptococcus dysgalactiae) based on the appearance
on blood-esculin agar, bile-esculin agar (Oxoid) and a Christie, Atkins, and Munch-
Petersen test. Corynebacterium spp. were differentiated from the catalase-positive
staphylococci by Gram-staining. Trueperella pyogenes was distinguished from the
catalase-negative streptococci based on growth, hemolysis patterns, and Gram-staining.
Bacillus spp., fungi and yeast were identified based on colony morphology and Gram-
staining.

The samples were considered to show significant growth if > 3 colonies (> 300
cfu/mL) were observed of a phenotypically similar colony type (Pantoja et al., 2009),
and the samples were considered to be contaminated in case > 3 phenotypically differ-
ent colony types were observed (Pantoja et al., 2009), with the exception of non-aureus
staphylococci as phenotypically different colony types were allowed because different
colony types can belong to the same species (De Visscher et al., 2013).

Somatic Cell Counting. SCC DHI-1, -2 and -3 were determined by Fossomatic™
5000 Electronic Cell Counter (MCC Flanders, Lier, Belgium).

Herd- and Cow-Level Strata

Monthly BMSCC data (at least four measurements per month) were available per
herd (MCC Flanders, Lier, Belgium). The geometric mean SCC of all BMSCC mea-
surements per herd (i.e., 4 to 8 measurements per month) was calculated over a period
of six months before enrollment. Herds were stratified into so-called low-prevalence
herds (LP herds) and high-prevalence herds (HP herds), referring to the likely preva-
lence of subclinical mastitis, based on the median BMSCC value which was 157,000
cells/mL (interquartile range of 107,000 cells/mL to 181,000 cells/mL)], resulting in 7
LP herds (< 157,000 cells/mL) with 248 cows and 8 HP herds (> 157,000 cells/mL)
with 302 cows.

Cows were stratified as so-called low-yielding cows (< 20kg) (LY, n = 260) and
so-called high-yielding cows (> 20kg) (HY, n = 290) based on the average milk yield
at DHI-1 [average 19.90 kg (interquartile range of 16.0 kg to 23.0 kg)] and were strat-
ified based on their parity at DHI-1 into heifers (parity 1, n = 201) and multiparous

cows (parity > 2, n = 349).
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Intramammary Infection Status

The IMI status of the cows was based on the quarter-level bacteriological results (Table
4.1.1), in the following hierarchic order: (1) the IMI status of a cow was considered un-
defined if > 1 of the quarter milk samples was contaminated or infected with fungi or
yeast; (2) a cow was considered to be infected with (a) major pathogen(s) if > 1 quar-
ter milk sample(s) showed significant growth of Staphylococcus aureus, Streptococcus
dysgalactiae, Streptococcus agalactiae, Streptococcus uberis, other esculin positive
streptococci than Streptococcus uberis, Trueperella pyogenes or Gram-negative bac-
teria and not if the quarter milk samples was contaminated or infected with fungi or
yeast; (3) a cow was considered to be infected with (a) minor pathogen(s) if > 1 quar-
ter milk sample(s) showed significant growth of Corynebacterium spp. or non-aureus
staphylococci and none of the quarters was infected with (a) major pathogen(s), and
none of the quarter milk samples was contaminated or showed significant growth of
fungi or yeast; and (4), only in case that all quarter milk samples were culture-negative
or showed non-significant growth of any pathogen (including Bacillus spp.), the cow
was considered to be noninfected. Nineteen cows (3.5%) had one blind quarter at sam-
pling, the IMI status of these cows was based on three instead of four quarter-level

bacteriological results.

Datasets
As mentioned before, 550 cows were available for this study. Two subsets of data

were prepared:

1. Dataset SCC DHI-1: includes data from 441 cows, defined as noninfected, mi-
nor pathogen infected and major pathogen infected at drying off, used for the
assessment of the diagnostic properties of SCC DHI-1 at given thresholds (see
further in ‘Diagnostic Properties’). The last DHI record (DHI-1) was collected

at on average 330 DIM.

2. Dataset SCC DHI-123: includes data from 433 cows, defined as noninfected,
minor pathogen infected and major pathogen infected at drying off, of which
SCC DHI-1, SCC DHI-2 and SCC DHI-3 were available. This subset of data
was used for the assessment of the diagnostic properties of (1) geoSCC DHI-
123 and of (2) sumSCC DHI-123, when at given thresholds a combination of
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SCC prior to drying off obtained via DHI recording were taken into account (see
further in ‘Diagnostic Properties’). The third last (DHI-3), second last (DHI-2)
and last DHI record (DHI-1) before drying off were collected at on average 256,
293, and 330 DIM, respectively.

Diagnostic Properties

The test characteristics and predictive values (Se, Sp, NPV and PPV, respectively)
of single and multiple SCC were calculated, to differentiate between major pathogen
infected cows (such cows are considered in need of treatment with long-acting an-
timicrobials at drying off) and cows that were either noninfected or minor pathogen
infected (such cows should not be treated with antimicrobials at drying off) at drying
off. Culture results at drying off were used as the gold standard for the IMI status of
the cow, and different SCC thresholds, ranging between 50,000 cells/mL and 500,000
cells/mL, above which the test was defined as positive, were tested in 2 x 2 tables as
described by Dohoo et al. (2003) and as applied before by for instance Jashari et al.
(2016). For evaluation of the diagnostic properties of geoSCC DHI-123, the test was
considered positive when the geometric mean of SCC DHI-1, SCC DHI-2 and SCC
DHI-3 exceeded the threshold. For evaluation of the diagnostic properties of sum-
SCC DHI-123, the test was considered positive when the sum of the number of times
one of the SCC measurements (SCC DHI-1, SCC DHI-2 and SCC DHI-3) exceeded
the threshold, was > 1. The Youden’s index (%) was calculated using the following
formula: sensitivity + specificity - 100 (Youden, 1950), for different SCC thresholds,
ranging between 50,000 cells/mL and 500,000 cells/mL as was done by by for instance
Jashari et al. (2016).

Calculations were repeated for the different herd- and-cow strata (LP and HP herds,
LY and HY cows, heifers and multiparous cows) using a somewhat smaller number of
different SCC thresholds.

The significance of differences in test characteristics and predictive values was

assessed based on the overlap between 95% CI (Jashari et al., 2016).
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4.1.4 Results

Descriptive Results

Bacteriological Culturing. Out of the 550 cows, 134 (24.4%), 221 (40.2%) and
86 (15.6%) cows were defined as noninfected, minor and major pathogen infected,
respectively, resulting in a subset of 441 cows (Table 4.1.1). One hundred and nine
out of the 550 enrolled cows (19.8%) had an undefined IMI status, and were thus
redundant for further analyses. This was mostly due to contamination of 1 or 2 quarter
milk samples out of 4 (in 51.4 and 13.8% of the 109 cows, respectively), albeit in
23.9% of the cows only Bacillus spp. was isolated in one or more quarters excluding
these cows from the dataset.

Out of the 2,200 quarters, 1,277 (58.0%), 610 (27.7%) and 109 (5.0%) quarters
were defined as noninfected, minor and major pathogen infected, respectively (Table
4.1.1). Besides, 185 undefined quarters (8.4%) and 19 blind quarters (0.9%) were
observed.

Somatic Cell Counting. Considering the 441 cows in dataset SCC DHI-1, the ge-
ometric mean SCC DHI-1 was 110,000 cells/mL (interquartile range 49,000 - 231,000
cells/mL). For the 433 cows in dataset SCC DHI-123, the average of the geometric
mean of the last three test-day SCC prior to drying off (geoSCC DHI-123) was 94,000
cells/mL (interquartile range between 44,000 and 187,000 cells/mL). The average sum
of the number of times one of the last three SCC measurements (sumSCC DHI-123)
exceeded a 200,000 and 500,000 cells/mL threshold, was 0.75 (range O - 3) and 0.23
(range O - 3) respectively. Overall, SCC values [SCC DHI-1 (n cows = 441), geoSCC
DHI-123 and sumSCC DHI-123 (n cows = 433)] were lowest in noninfected cows,
somewhat higher in minor pathogen infected cows, and highest in the major pathogen
infected cows (Table 4.1.2). More specific, values were higher in low-yielding cows
and in multiparous cows, irrespective of their infection statuses, whereas a specific
trend was not present when looking at the values as a function of the herd subclinical

mastitis prevalence (Table 4.1.2).

Overall Diagnostic Properties

Numerically, the Se decreased and the Sp increased for all tested thresholds of the
different SCC criteria (SCC DHI-1, geoSCC DHI-123 and sumSCC DHI-123) when a
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higher threshold level (i.e., 50, 100, 150, 200, 250, and 500 x 1,000 cells/mL) was used
to detect cows infected with (a) major pathogen(s). This was statistically confirmed
when looking at the 95% confidence intervals (95% CI), except when comparing the
200,000 with the 250,000 cells/mL thresholds. As well, overlap of the 95% CI was
observed for geoSCC DHI-123 between the 150,000 and 200,000 cells/mL threshold
and sumSCC DHI-123 between the 100,000 and 150,000 cells/mL thresholds. The
highest and lowest Se (i.e., 89.4 and 12.9% respectively) was observed for sumSCC
DHI-123 threshold of 50,000 cells/mL and geoSCC DHI-123 threshold of 500,000
cells/mL respectively. The highest and lowest Sp (i.e., 95.4 and 20.1% respectively)
was observed for the geoSCC DHI-123 threshold of 500,000 cells/mL and sumSCC
DHI-123 threshold of 50,000 cells/mL respectively. Looking at the 95% CI between
the SCC criteria (i.e., SCC DHI-1, geoSCC and sumSCC), differences in Se and Sp
were overall limited (Table 4.1.3), meaning for most thresholds there was overlap of
the 95% CI. Albeit, a higher Se was observed for sumSCC DHI-132 at thresholds
150,000, 200,000 and 250,000 cells/mL while a lower Sp was observed at thresholds
50,000 and 500,000 cells/mL compared to SCC DHI-1 and geoSCC DHI-123 using

the same cut-offs.

The PPV increased numerically while the NPV decreased numerically for SCC
DHI-1, geoSCC DHI-123 and sumSCC DHI-123, when an increasing threshold level
of SCC (i.e., 50, 100, 150, 200, 250, and 500 x 1,000 cells/mL) was used, with ex-
ception of sumSCC DHI-123 threshold of 50,000 and 100,000 cells/mL and geoSCC
DHI-123 threshold of 200,000 and 250,000 cells/mL, as an equal NPV was observed.
There was only a statistical difference for SCC DHI-1 between the 50,000 and 100,000
cells/mL thresholds and between the 250,000 and 500,000 cells/mL thresholds. The
highest and lowest PPV (45.0 and 21.5% respectively) was observed for the SCC DHI-
1 threshold of 500,000 cells/mL and sumSCC DHI-123 threshold 50,000 cells/mL,
while the highest and lowest NPV (89.5 and 81.8% respectively) was observed for the
SCC DHI-1 threshold of 50,000 cells/mL and geoSCC DHI-123 threshold of 50,000
cells/mL. Looking at the 95% CI, differences in PPV and NPV seem comparable be-
tween the SCC criteria (Table 4.1.3).

The highest Y (i.e., 26.5%) was observed using geoSCC DHI-123, for cows in-
fected with (a) major pathogen(s) at a threshold of 100,000 cells/mL (Table 4.1.3).
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Diagnostic Properties Over the Different Herd- and Cow-level Strata

Sensitivity, Sp, PPV and NPV were somewhat different when comparing overall
estimates with the strata-specific estimates (Tables 4.1.4a, 4.1.4b and 4.1.4c). For all
three SCC strata (i.e., SCC DHI-1, geoSCC DHI-123 and sumSCC DHI-123), no sta-
tistically different test characteristics and predictive values were observed between LP
and HP herds when comparing the different thresholds. Still, numerically, a higher Sp
was observed in LP herds compared to HP herds, which was also true for the PPV for
both the geoSCC DHI-123 and sumSCC DHI-123 criteria.

When comparing LY cows with HY cows, the Se was significantly higher while
the Sp was lower, with exception for SCC DHI-1 at 50,000 cells/mL for all three SCC
criteria (SCC DHI-1, geoSCC DHI-123 and sumSCC DHI-123). Thus, no overlap was
observed in 95% CI except for Se at the SCC DHI-1 at 50,000 cells/mL but also at
sumSCC DHI-123 at 50,000 cells/mL. The PPV was lower in LY than in HY cows and
only for geoSCC DHI-123, a small increase of NPV was observed in LY when com-
pared to HY cows, which was not statistically confirmed because of overlap between
95% CI.

When comparing multiparous cows and heifers, the Se was significantly higher
while the Sp was lower. A numerical difference exists between the multiparous cows
and heifers (higher PPV and lower NPV) although a statistical difference for the PPV
of all tested thresholds was only seen for sumSCC DHI-123.

4.1.5 Discussion

Somatic cell count data obtained via the regular DHI program from a large number
of cows housed on 15 commercial dairy farms with good mastitis management were
evaluated to predict IMI with major pathogens in dairy cattle prior to drying off. It
was revealed that test-day SCC records obtained via milk recording are reliable to
detect noninfected/minor pathogen infected dairy cows at drying off as determined
by bacteriological culture, serving as gold standard, and can be used to differentiate
(likely) major pathogen infected and noninfected or minor pathogen infected cows at
drying off in commercial dairy herds when implementing SDCT.

Non-aureus staphylococci together with Corynebacterium spp. are minor pathogens
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and lack the ability to cause severe clinical mastitis cases (Huxley et al., 2004; Taponen
and Pyorild, 2009). They cause only a modest increase in the SCC and the impact of
non-aureus staphylococci on milk yield, being positive or negative, is disputed (e.g.,
Schukken et al., 2009; Piepers et al., 2010; Piepers et al., 2013; Heikkili et al., 2018).
As well, they colonize the teat canal and thus not always represent an IMI when cul-
tured from milk (Hiitio et al., 2016), whereas some studies suggest they might be of
protective nature against major pathogen infections (Schukken et al., 2009; Blagitz et
al., 2013). Further, non-aureus staphylococcal infections are often of transient nature
and spontaneous elimination rate without any treatment up to 70% have been reported
(McDougall, 1998; Wilson et al., 1999). This also explains why in some countries, it is
common practice to leave subclinical and mild clinical mastitis caused by non-aureus
staphylococci untreated (Pyorild and Taponen, 2009; Taponen et al., 2009). Therefore,
in Norway, dry cow treatment is only recommended if cows are infected with Staphy-
lococcus aureus, Streptococcus dysgalactiae or other major major pathogens, leaving
minor pathogen infected cows untreated at drying off (@steras and Sglvergd, 2009). In
conclusion, we strongly believe that good stewardship of antimicrobials only includes
treating major pathogen infected cows with antimicrobials at drying off. Therefore,
this study aimed at differentiating major pathogen infected cows from noninfected or

minor pathogen infected cows.

When deciding on what SCC information to use, only the last test-day SCC versus
multiple test-day SCC, it depends whether one aims at a high Se (low number of false
negatives) or high Sp (low number of false positives), or a combination (highest Y). If
the latter is the choice, using geoSCC DHI -123 at a threshold of 100,000 cells/mL is
the best option based on our data, yet if one wants to aim for, for example, the highest
Se, then sumSCC DHI-123 at a threshold of 50,000 cells/mL has to be selected. Still,
as SCC information is used to predict the IMI status of cows, in this particular study at
drying off, it makes sense to focus on the predictive values. When looking for test-day
information yielding the highest PPV (i.e., SCC DHI-1 at a threshold of 500,000 cell-
s/mL in our data) one reduces to the likelihood of treating noninfected/minor pathogen
cows with antimicrobials unnecessarily, which is what society would ask as part of the
demand to reduce antimicrobial use. However, if the risk of not treating an infected

cow with antimicrobials has to be minimal (avoiding welfare issues for the cows and
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economical losses for the farmer), one wants to use the SCC information that comes

with the highest NPV (i.e., SCC DHI-1 at a threshold of 50,000 cells/mL).

Caution is needed when comparing estimates of test characteristics between studies
due to different definitions of IMI and prevalence of mastitis pathogens in the herds.
For instance, lower Se and Sp than reported by Torres et al. (2009) were expected be-
cause minor pathogen infected cows were included in the group of cows that would not
be considered in need of antimicrobials. Likewise, Pantoja et al. (2009) found inferior
test characteristics when using SCC in herds with low levels of contagious pathogens,
where minor pathogen infections dominated, probably due to a less intense SCC re-
sponse regarding these pathogens (Cameron et al., 2011). Also, late-lactation milk
composition differs from the milk composition throughout the lactation, characterized
by a physiological increase in the SCC (thus more false positives) as a consequence of
the decreasing milk yield (Green et al., 2006). Combining multiple test-day SCC be-
fore drying off seemingly overcomes this bias, as a higher Sp was achieved for geoSCC

DHI-123 compared to SCC DHI-1.

Ideally, SDCT is applied based on bacteriological culturing at drying off, to ensure
justified and correct use of antimicrobials. The 3M Petrifilm on-farm culture system re-
duced the use of dry cow therapy without negatively affecting milk production and milk
quality, albeit all cows with a positive culture result, thus including minor pathogens,
received antimicrobial treatment (Cameron et al., 2015). Several studies aimed at find-
ing more practical and financially feasible alternatives, and reported promising results
for SCC, estimating the inflammation status rather than the infection status. Rajala-
Schultz et al. (2011) demonstrated that selectively drying off low SCC cows without
antimicrobials has no negative impact on MY in next lactation, yet the effect varied
between herds. Vasquez et al. (2018) reported no difference in SCC, clinical mastitis
and culling events after calving between the treatment groups (treated with antimicro-
bials and teat sealer versus only treated with teat sealers) as well, confirming that SCC
data are reliable in differentiating infected from noninfected cows. Our study supports
these approaches, and we recommend to adapt SCC thresholds as a function of the
herd-level prevalence of subclinical mastitis, e.g., using BMSCC as an indicator, and
as a function of the milk yield (preferably measured at drying off) and parity of each

specific cow.
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We came to this conclusion as overall estimates of the test characteristics and pre-
dictive values differ to some extent from the strata-specific estimates, even with over-
lapping 95% CI (driven by sample size). Aiming at maximizing the chance of only
withholding antimicrobials from truly noninfected cows, to maximally protect the ud-
der health, implies that SCC criteria and thresholds with the highest NPV are the best
choice. As an example, one could consider to work with the last test-day SCC only
(SCC DHI-1) as it comes with the highest NPV, yet with a threshold of 100,000 cell-
s/mL for a heifer and a threshold of 50,000 cells/mL for a multiparous cow when de-
ciding whether it is (likely) major pathogen infected (and needs long-acting dry cows
tubes) or not (and needs no antimicrobial treatment and only needs to be protected from
new IMI). It could eventually become even more sophisticated when test characteris-
tics and predictive values for different SCC combinations and different SCC thresholds
are available for e.g., heifers managed in HP or LP herds, as this comes with additional
changes in thresholds that can be used for specific SCC combinations. Based on our
data (data included in a supplementary file, see Table 4.1.5) and aiming at the highest
NPV this would result in using sumSCC DHI-123 with a threshold of 50,000 cells/mL
for heifers and multiparous cows in HP herds, and a threshold of 150,000 cells/mL and

100,000 cells/mL for heifers and multiparous cows on LP herds.

Simulating a 1,000 cow LP and HP herd using the proposed thresholds above, thus
aiming at the highest NPV, on the exact same data from our study (data included in a
supplementary file, see Table 4.1.5), 474 cows (47.4%) would be considered noninfect-
ed/minor pathogen infected by use of the test in a LP herd, of which 17 heifers (3.6%)
and 26 multiparous cows (5.5%) falsely would not receive antimicrobials at drying off
as they were infected with a major pathogen in at least one quarter (high NPV). Then,
out of the 526 cows (52.6%) that would be considered infected by use of the test and
therefore receive treatment at drying off, 65 heifers (12.3%) and 306 multiparous cows
(58.2%) were actually noninfected/minor pathogen infected at drying off (low PPV).
In a HP herd, 144 cows (14.4%) would be considered noninfected/minor pathogen
infected by use of the test, of which only 10 heifers (6.9%) and 5 multiparous cows
(3.4%) would falsely not receive antimicrobials at drying off (very high NPV). Then,
out of the 856 cows (85.6%) that would be considered infected by use of the test and

therefore receive treatment at drying off, 239 heifers (27.9%) en 438 multiparous cows
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(51.2%) were noninfected/minor pathogen infected at drying off (low PPV). Imple-
menting this type of approach is feasible when an algorithm based on DHI information
(e.g., milk yield, parity) and an estimate of the herd-level prevalence (BMSCC infor-
mation is readily available) is created and used every time a specific cow has to be dried
off. It would support farmers and farm managers in taking scientifically sound and
data-driven decisions when it comes to antimicrobial stewardship and good (dry cow)
mastitis management. We acknowledge that an alternative for BMSCC to estimate the
likely prevalence of subclinical mastitis in the herd is the use of the average herd SCC
derived from DHI recording. Still, other studies have used BMSCC to categorize herds
in a manner relevant for udder health. For instance, Barkema et al. (1998), stratified
herds based on the average BMSCC, using thresholds in the range of the current study:
< 150,000 cells/mL (Iow), 151,000 to 250,000 cells/mL, and 251,000 to 400,000/mL
cells/mL (high). Clinical mastitis caused by Gram-negative pathogens, occurred more
often in herds with a low bulk milk SCC whereas clinical mastitis caused by Staphy-
lococcus aureus, Streptococcus dysgalactiae, and Streptococcus agalactiae occurred
more often in herds with a high bulk milk SCC. Besides, BMSCC information is easy-
accessible, does not take into account herd size and is also used to determine the milk
quality which is legally limited to 400,000 cells/mL in Europe, and remains therefore
a valuable tool for udder health management.

The next step will be to use the current data to implement SDCT on commercial
dairy herds comparing the performance of cows that were selectively dried off with
those receiving blanket dry cow therapy. Monitoring the cows’ performance and wel-
fare after dry off will allow to quantify the consequences (udder health, longevity,

antimicrobial use, milk production) of herds shifting from blanket to SDCT.

4.1.6 Conclusion

Composite somatic cell count data were studied to differentiate between infected [i.e.,
infected with (a) major pathogen(s)] and noninfected cows [i.e., noninfected or in-
fected with (a) minor pathogen(s)] at drying off. At the threshold of 50,000 cells/mL,
the Se and Sp of (a combination of) test-day SCC information before drying off range
between 82.4 and 89.4 and between 20.1 and 32.5%, respectively, whereas at a thresh-
old of 500,000 cells/mL the respective values are 12.9, 27.1 and 87.6 and 95.4%. As
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the prevalence of subclinical mastitis in the herd, the cow’s milk yield and parity be-
fore drying off influence the estimates, these factors could be taken into account when
choosing (a) SCC threshold(s), e.g., when implementing a SDCT approach on the
farm. In conclusion, composite SCC available through milk recording can provide
reliable and easily accessible estimates for identifying cows that are noninfected or

minor pathogen infected cows at dry off and do not need antimicrobial treatment.

4.1.7 Acknowledgments

This research was funded by a PhD grant (no. 141088) of the Research Foundation —
Flanders in Flanders (FWO Vlaanderen).

4.1.8 References

Barrett, D. J., T. Clegg, A. M. Healy, and M. L. Doherty. 2006. A study of dry cow
therapy and effects on SCC in 10 Irish dairy herds. J. Vet. Med. A Physiol. Pathol.
Clin. Med. 53:140-144.

Barkema, H. W., Y. H. Schukken, T. J. Lam, M. L. Beiboer, H. Wilmink, G. Benedictus,
and A. Brand. 1998. Management style and its association with bulk milk somatic cell
count and incidence rate of clinical mastitis. J. Dairy Sci. 82:1655-1663.

Blagitz, M. G., F. N. Souza, B. P. Santos, C. F. Batista, A. C. Parra, L. F. Azevedo, P. A.
Melville, N. R. Benites, and A. M. Della Libera. 2013. Function of milk polymorphonu-
clear neutrophil leukocytes in bovine mammary glands infected with Corynebacterium
bovis. J. Dairy Sci. 96:3750-3757.

Cameron, M., G. P. Keefe, J. P. Roy, and K. A. MacDonald. 2011. Test characteristics
of a petrifilm-based on-farm selective dry cow therapy system - preliminary analyses.
3rd International Symposium on Mastitis and Milk Quality, St. Louis, Missouri USA.

Cameron, M., G. P. Keefe, J. P. Roy, I. R. Dohoo, K. A. MacDonald, and S. L. McKenna.
2013. Evaluation of a 3M Petrifilm on-farm culture system for the detection of intra-
mammary infection at the end of lactation. Prev. Vet. Med. 111:1-9.

Cameron, M., G. P. Keefe, J. P. Roy, H. Stryhn, I. R. Dohoo, and S. L. McKenna. 2015.
Evaluation of selective dry cow treatment following on-farm culture: Milk yield and
somatic cell count in the subsequent lactation. J. Dairy Sci. 98: 2427-2436.

De Visscher, A., F. Haesebrouck, S. Piepers, W. Vanderhaeghen, K. Supré, F. Leroy, E.
Van Coillie, and S. De Vliegher. 2013. Assessment of the suitability of mannitol salt
agar for growing bovine-associated coagulase-negative staphylococci and its use under
field conditions. Res. Vet. Sci. 95:347-351.

Dohoo, I. R., S. W. Martin, and H. Stryhn. 2003. Veterinary Epdemiologic Research.
2nd ed. VER Inc., Charlottetown, P.E.I., Canada.

Green, L. E., Y. H. Schukken, and M. J. Green. 2006. On distinguishing cause and
consequence: do high somatic cell counts lead to lower milk yield or does high milk
yield lead to lower somatic cell count. Prev. Vet. Med. 76:74-89.

Halasa, T., K. Huijps, O. @steras, and H. Hogeveen. 2007. Economic effects of bovine
mastitis and mastitis management: A review. Vet. Q. 29:18-31.

Heikkild, A. M., E. Liski, S. Pyoréld, and S. Taponen. 2018. Pathogen-specific produc-
tion losses in bovine mastitis. J. Dairy Sci. 101:9493-9504.



PREDICTING IMI AT DRYING OFF 83

Hiitio, H., H. Simojoki, P. Kalmus, J. Holopainen, S. Pyo6rild, and S. Taponen. 2016.
The effect of sampling technique on PCR-based bacteriological results of bovine milk
samples. J. Dairy Sci. 99:6532-6541.

Hogan, J. S., R. N. Gonziles, R. J. Harmon, S. C. Nickerson, S. P. Oliver, J. W. Pankey,
and K. L. Smith. 1999. Laboratory handbook on bovine mastitis. Rev. Ed. National
Mastitis Council, Madison, WI.

Hubéackova, M. and D. RySanek. 2007. Effects of freezing milk samples on the recovery
of alimentary pathogens and indicator microorganisms. Acta Vet. Brno 76:301-307.

Huxley, J. N., C. R. Helps, and A. J. Bradley. 2004. Identification of Corynebacterium
bovis by endonuclease restriction analysis of the 16S rRNA gene sequence. J. Dairy Sci.
87:38-45.

Jashari, R., S. Piepers, and S. De Vliegher. 2016. Evaluation of the composite milk
somatic cell count as a predictor of intramammary infection in dairy cattle. J. Dairy Sci.
99:9271-9286.

Laevens, H., H. Deluyker, Y. J. Schukken, L. De Meulemeester, R. Vandermeersch, E.
De Muelenaere, and A. De Kruif. 1997. Influence of parity and stage of lactation on the
somatic cell count in bacteriologically negative dairy cows. J. Dairy Sci. 80:3219-3226

Madouasse, A., J. N. Huxley, W. J. Browne, A. J. Bradley, and M. J. Green. 2010.
Somatic cell count dynamics in a large sample of dairy herds in England and Wales.
Prev. Vet. Med. 96:56-64.

McDougall, S. 1998. Efficacy of two antibiotic treatments in curing clinical and sub-
clinical mastitis in lactating dairy cows. N. Z. Vet. J. 46:226-232.

@steras, O. and L. Sglvergd. 2009. Norwegian mastitis control programme. Ir. Vet. J.
62:26-33.

Pantoja, J. C. F., C. Hulland, and P. L. Ruegg. 2009. Dynamics of somatic cell counts
and intramammary infections across the dry period. Prev. Vet. Med. 90:43-54.

Piepers, S., G. Opsomer, H. W. Barkema, A. de Kruif, and S. De Vliegher. 2010.
Heifers infected with coagulase-negative staphylococci in early lactation have fewer
cases of clinical mastitis and higher milk production in their first lactation than non-
infected heifers. J. Dairy Sci. 93:2014-2024.

Piepers, S., Y. H. Schukken, P. Passchyn, and S. De Vliegher. 2013. The effect of
intramammary infection with coagulase-negative staphylococci in early lactating heifers
on milk yield throughout first lactation revisited. J. Dairy Sci. 96:5095-5105.

Poutrel, B., and P. Rainard. 1981. California mastitis test guide of selective dry cow
therapy. J. Dairy Sci. 64:241-248.

Pyorila, S. and S. Taponen. 2009. Coagulase-negative staphylococci—Emerging mas-
titis pathogens. Veterinary Microbiology 134:3-8.

Rajala-Schultz, P. J., A. H. Torres, and F. J. Degraves. 2011. Milk yield and somatic cell
count during the following lactation after selective treatment of cows at dry-off. J. Dairy
Res. 78:489-499.

Scherpenzeel, C. G., I. E. den Uijl, G. van Schaik, R. G. Olde Riekerink, J. M. Keuren-
tjes, and T. J. Lam. 2014. Evaluation of the use of dry cow antibiotics in low somatic
cell count cows. J. Dairy Sci. 97:3606-3614.

Schukken, Y. H., K. E. Leslie, A. J. Weersink, and S. W. Martin. 1992. Ontario bulk milk
somatic cell count reduction program. 2. dynamics of bulk milk somatic cell counts. J.
Dairy Sci. 75:3359-3366.

Schukken, Y. H., R. N. Gonzdlez, L. L. Tikofsky, H. F. Schulte, C. G. Santisteban, F.
L. Welcome, G. J. Bennett, M. J. Zurakowski, and R. N. Zadoks. 2009. CNS mastitis:
Nothing to worry about? Vet. Microbiol. 134:9-14.

Taponen, S., L. Salmikivi, H. Simojoki, M. T. Koskinen, and S. Pyorild. 2009. Real-
time polymerase chain reaction-based identification of bacteria in milk samples from
bovine clinical mastitis with no growth in conventional culturing. J. Dairy Sci. 92:2610-
2617.

Torres, A. H., P. J. Rajala-Schultz, F. J. Degraves, and K. H. Hoblet. 2008. Using dairy
herd improvement records and clinical mastitis history to identify subclinical mastitis
infections at dry-off. J. Dairy Res. 75:240-247.



84

CHAPTER 4.1

Torres, A. H., P. J. Rajala-Schultz, and F. J. DeGraves. 2009. Diagnosis of intramam-
mary infections at dry-off based on sampling strategy, epidemiology of pathogens, and
agreement beyond chance. J. Vet. Diagn. Invest. 21:427-436.

Vanhoudt, A., K. van Hees-Huijps, A. T. M. van Knegsel, O. C. Sampimon, J. C. M.
Vernooij, M. Nielen, and T. van Werven. 2018. Effects of reduced intramammary an-
timicrobial use during the dry period on udder health in Dutch dairy herds. J. Dairy Sci.
101: 3248-3260.

Vasquez, A. K., D. V. Nydam, C. Foditsch, M. Wieland, R. Lynch, S. Eicker, and P.
D. Virkler. 2018. Use of a culture-independent on-farm algorithm to guide the use of
selective dry-cow antibiotic therapy. J. Dairy Sci. 101:5345-5361.

Wilson, D. J., R. N. Gonzalez, K. L. Case, L. L. Garrison, and Y. T. Groohn. 1999.
Comparison of seven antibiotic treatments with no treatment for bacteriological efficacy
against bovine mastitis pathogens. J. Dairy Sci. 82:1664-1670.

Youden, W. J. 1950. Index for rating diagnostic tests. Cancer 3:32-35.









Chapter 4.2: Differential Somatic Cell Count as a Potential
New Supplementary Tool for Identification of
IMI in Dairy Cows at the End of the Lactation

Period

D. Schwarz!'?, Z. Lipkens®?, S. Piepers?, and S. De Vliegher?

'FOSS Analytical A/S, Foss Allé 1, 3400 Hillergd, Denmark

?Department of Reproduction, Obstetrics and Herd Health Faculty of Veterinary Medicine,
Ghent University, Merelbeke, Belgium

3 Authors contributed equally

Preventive Veterinary Medicine, 2019, submitted






PREDICTING IMI AT DRYING OFF 89

4.2.1 Abstract

The objective of this study was to investigate the new differential somatic cell count
(DSCC) as a supplementary indicator to SCC in connection with identification of in-
tramammary infection (IMI) in dairy cows at the end of the lactation period. The use of
antimicrobials on dairy farms is under critical discussion in many countries as a result
of concerns about the increasing threat of antimicrobial resistance in human and vet-
erinary medicine. In this context, approaches for identification of cows with IMI (i.e.,
often based on SCC) and targeted antimicrobial treatment of those rather than all cows
were developed. Recently, DSCC representing the proportion of polymorphonuclear
neutrophils and lymphocytes, has been introduced as an additional parameter indicat-
ing the presence of IMI. We used the last Dairy Herd Improvement (DHI) samples
taken within 42 d prior to drying off as well as hand-stripped samples collected within
5 days prior to drying off to measure DSCC and SCC. The bacteriological status on
cow level was determined using quarter foremilk samples. In total, results were avail-
able for 310 cows of which 64 and 149 were infected with major and minor pathogens,
respectively, and 97 were noninfected. The area under receiver-operating characteris-
tics curves (AUC) were calculated to compare the diagnostic abilities of the different
parameters. The AUC for detection of IMI by major pathogens when using the com-
bination of DSCC and SCC was 0.64 compared to 0.62 for SCC alone. Specifically,
using example thresholds of 200,000 cells/mL for SCC alone and 200,000 cells/mL
and 60% for the combination of SCC and DSCC, respectively, the sensitivity increased
from 47 to 66% and the specificity decreased significantly from 74 to 54%. Diagnostic
performance of DSCC and SCC was similar using DHI and hand-stripped samples.
In conclusion, the combination of DSCC and SCC allows to improve the sensitivity
but worsens the specificity for identifying IMI by major pathogens at the end of lacta-
tion. The parameters can be determined inexpensively using regularly-available milk
recording or specifically collected hand-stripped samples and thus the combination of
DSCC and SCC could become a practical and convenient tool for further optimizing

decisions on treating cows with antimicrobials at the end of lactation.

Key Words: dry cow therapy, mastitis, udder health, somatic cell count, differen-

tial somatic cell count
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4.2.2 Introduction

Dry cow therapy (DCT) with intramammary antimicrobials has long been recom-
mended as an essential part of udder health management on dairy farms (Dodd et
al., 1969). The aim of DCT is to eliminate intramammary infections (IMI) present at
the end of lactation (i.e. drying off) and to prevent new IMI during the dry period.
Thus, the advice has been to treat all cows, irrespective of the presence or absence
of an IMI [i.e., blanket dry cow therapy; Dodd et al., 1969; Neave et al., 1969]. The
application of antimicrobials, however, creates a selective pressure on bacterial popula-
tions and contributes to the development of antimicrobial resistance (Tacconelli, 2009;
Landers et al., 2012). Besides increasing pressure from the public in many countries,
organizations such as the World Health Organization, strongly recommend a general
reduction in the use of antimicrobials. The EU directive 2015/C299/04 on antimicro-
bials in veterinary medicine specifically requires a more rational and targeted use of
antimicrobials maximizing the therapeutic effect and minimizing the development of
antimicrobial resistance.

In terms of dairy farming, data from Belgium showed that 70 - 75% of antimicro-
bials applied on farms are used in relation to udder health, either in form of treatments
or in a preventive manner (Stevens et al., 2016). Approximately 50% of the total con-
sumption of antimicrobials is used for dry cow treatment (van Werven, 2014). Hence,
selective dry cow therapy (SDCT), where only those cows most likely to have an IMI
with a major pathogen at drying off are treated with long-acting antimicrobials, opens
up the possibility to reduce consumption of antimicrobials on dairy farms substantially.

Somatic cell counts (SCC) in milk provide an indication of the inflammatory re-
sponse in the mammary gland and thus act as a proxy for detecting IMI. Thus, the
SCC results from the last milk recording/Dairy Herd Improvement (DHI) testing be-
fore drying off became a main selection criterion as part of the SDCT approach in the
Netherlands (Scherpenzeel et al., 2016), which has been successfully applied without
significant impact on udder health yet with an apparent reduction in the use of antimi-
crobials (Vanhoudt et al., 2018).

While SCC represents the total number of cells, cell differentiation refers to the
proportions of individual cell populations such as lymphocytes, macrophages, and

PMN in milk that play an important role in inflammatory responses within the mam-
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mary gland (e.g., Paape et al., 1979). A new parameter for cell differentiation in milk,
the differential somatic cell count (DSCC) parameter, has recently been described
(Damm et al., 2017) and, similar to SCC, can be determined using dedicated high-
throughput flow cytometers for analysis of DHI samples. Briefly, DSCC indicates the
percentage of PMN combined with lymphocytes. Proportions of macrophages can be
calculated by 100 - DSCC. Percentages of DSCC were described to vary broadly in
the low SCC range but increase as SCC increases (Damm et al., 2017). In this context,
elevated DSCC results are generally assumed to be associated with the presence of IMI
(Schwarz et al., 2011a,b; Pilla et al., 2012; Damm et al., 2017). A newly published
study (Wall et al., 2018) indicates that the combination of DSCC and SCC could lead
to increased sensitivities in mastitis monitoring through DHI programs. More specifi-
cally, in a cow with 3 healthy and 1 infected quarters, the infected one would not only
be represented by an elevated SCC but also by an elevated DSCC in a cow-composite
sample, implying that an individual quarter would be more clearly reflected in cow-
composite milk samples.

The objective of our study was to investigate the new DSCC parameter as a sup-
plementary indicator to SCC for identification of IMI at the end of the lactation period.
This was done by exploring the test performance, particularly the sensitivity, of SCC

alone, DSCC alone, and the combination of DSCC and SCC.

4.2.3 Material and Method

Animals and Farms

Fifteen dairy farms (in total 1,363 Holstein Friesian cows) in the East and West
Flanders provinces, Belgium, with a geometric average bulk tank SCC of < 250,000
cells/mL in a 6 months period prior to our study were selected. The average herd size
was 91 (48 to 215) and average 305 d milk production was at 8,839 kg (ranging from
5,922 to 11,594 kg). Cows were calving year-round. All farms were milking in con-

ventional parlors and applied BDCT.

Milk Sample Collection
A total number of 582 cows was dried off on the 15 dairy farms during our study

period from April to December. Dairy Herd Improvement samples were taken as part
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of the routine milk recording program carried out by the Dutch/Flemish cooperative
cattle improvement organization (CRYV, Sint-Denijs-Westrem, Belgium). A subsample
of the DHI sample was collected and used for determination of DSCC and SCC. Only
DHI samples from the last DHI testing prior to drying off were considered (up to 42 d
prior to drying off). In addition, single quarter foremilk samples (volume: 5 ml) were
collected aseptically after routine cleaning and disinfection of the udder and discarding
of the first streaks of milk within a maximum of 5 d prior to drying off. At the same
milking, from each cow hand-stripped samples (volume: 10 ml) representing an equal
(&£ 5%) amount of milk from each quarter were collected before attaching the milking
clusters as well. DHI and hand-stripped samples were used for determination of DSCC
and SCC, while quarter foremilk samples were used for bacteriological culturing. DHI
samples were preserved using Bronopol (BSM Microtabs II, Advanced Instruments,
Norwood, USA) and hand-stripped samples were kept at 4°C and processed within 24
h. Only samples with SCC and DSCC results that were determined within a maximum
of 4 d after sample collection and thus according to recommendations (Damm et al.,

2017) were included in our study.

In total, 200 cows had to be excluded from our dataset because of different reasons
[e.g., either results from only DHI or only hand-stripped sample available; missing
quarter foremilk samples; SCC and/or DSCC could not be measured or were unreli-
able (e.g., due to a too high sample age)]. Consequently, results of, in total, 382 cows

were available for our study.

Somatic Cell Count and Differential Somatic Cell Count Analysis

Determination of DSCC and SCC was performed according to Damm et al., (2017).
Briefly, milk samples were stained with FOSS DC Reagent (ratio 1:3.2), incubated at
40°C for 1 min, vortexed for 5 sec, and immediately analysed on an Attune (Ther-
moFisher Scientific, Waltham, USA) flow cytometer. FlowJo (FlowJo LLC, Ashland,
USA) software was used to determine DSCC and SCC.

For DSCC, results in samples with < 50,000 cells/mL were arbitrarily set to 45%
(meaning 45% of somatic cells are PMN and lymphocytes and 55% macrophages)
as done elsewhere (Wall et al., 2018). This is due to results below this SCC thresh-

old being out of the performance range and thus not reliable (Damm et al., 2017).
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Predominance of macrophages in low SCC samples has been described in different

studies (e.g., Ostensson et al., 1988).

Bacteriological Analysis and Definition of Intramammary Infection Status
Bacteriological culturing was performed according to National Mastitis Council
(NMC, 2004) standards. In brief, 10 uL of milk was streaked onto a quadrant of
a blood-esculin agar plate (Oxoid, Aalst, Belgium) and MacConkey agar plate (Ox-
oid) and incubated aerobically for 24 to 48 h at 37°C. Identification of bacteria was
done by Gram staining and inspection of the colony morphology. Catalase tests were
performed to differentiate gram-positive cocci as catalase-positive staphylococci or
catalase-negative streptococci. DNAse testing, colony morphology, coagulase test-
ing and hemolysis patterns were used to distinguish Staphylococcus aureus from non-
aureus staphylococci (NAS). Streptococci were subdivided into esculin-positive strep-
tococci (Streptococcus uberis and other esculin-positive streptococci) and esculin-negative
streptococci (Streptococcus agalactiae and Streptococcus dysgalactiae) based on the
appearance on blood-esculin and bile-esculin agar. Corynebacterium spp. were dif-
ferentiated from the catalase-positive staphylococci by colony morphology and Gram
staining. Trueperella pyogenes was distinguished from the catalase-negative strep-
tococci based on growth characteristics (no growth visible after 24 h of incubation
at 37°C), hemolysis patterns, and Gram staining. Coliforms were considered as Es-
cherichia (E.) coli or non E. coli Gram negatives based on the appearance on Mac-
Conkey’s agar. Samples were considered to be culture positive if > 3 colonies of
the same type were observed (> 300 cfu/mL, applied for minor as well as major
pathogens) and considered contaminated in case of > 3 phenotypically different colonies
as done elsewhere (Pantoja et al., 2009), with exception of NAS as phenotypically dif-
ferent colonies were allowed because different colony types can belong to the same
species (De Visscher et al., 2013). For determination of the IMI status of the cows the

quarter-level bacteriological results were used as follows:

1. A cow was considered to be infected with major pathogens if > 1 quarters re-
vealed Staphylococcus (S.) aureus, Streptococcus uberis, other esculin-positive
streptococci, Streptococcus dysgalactiae, Trueperella pyogenes or gram-negative

bacteria;
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2. A cow was considered to be infected with minor pathogens if > 1 quarters re-

vealed Corynebacterium spp. or NAS;

3. A cow was considered noninfected only in case of culture-negative or non-
significant growth results of all four quarters. In total, 72 cows were excluded
from the dataset because the IMI status could not be defined [detection of Bacil-

lus spp. (n = 19) or contamination (n = 53) in at least one quarter].

In total, 72 cows were excluded from the dataset because the IMI status could not
be defined (detection of Bacillus spp. (n = 19) or contamination (n = 53) in at least one

quarter).

Statistical Analysis

The parameters DSCC alone, SCC alone, and the combination of DSCC and SCC,
respectively, were analysed using the linear mixed-effects model (Ime) package in R,
version 3.5.0 (The R Foundation, Vienna, Austria). The statistical models included
the fixed effects of type of pathogen group detected (no, minor, major pathogens), par-
ity (1, 2, 3, 4+), herd (1 - 15) and time of collection prior to drying off (< 14 vs.
> 14 d) as well as the random effect of cow (1 - 310) as according to other studies
(Schwarz et al., 2011a,b; Pilla et al., 2012). Breed and DIM were not included in
the models because all cows included in the study were Holstein Friesian and at the
end of lactation (mean £+ SE: 333 + 4 d). For statistical analyses, SCC was trans-
formed using the natural logarithm for the purpose of data normalization. Estimated
marginal means (EMM/least-square means) of each parameter (SCC EMM were back
transformed to cells/mL) were computed for each pathogen group and compared us-
ing the Tukey test. Receiver-operating characteristics (ROC) analysis was performed
and results were compared between the different parameters using the pROC package
(Robin et al., 2011). Optimal cut-offs were determined for each parameter using the
OptimalCutpoints-Package (Lopez-Raton et al., 2014) and the maximize Se and Sp
method. In case of the combination of DSCC and SCC, only cows with results below
both DSCC and SCC thresholds were considered noninfected. Sensitivities and speci-
ficities of SCC and the combination of DSCC and SCC were tested for statistically

significant differences using the McNemar test (DTComPair package) in R.
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4.2.4 Results

Differential Somatic Cell Counts, Somatic Cell Counts, and Intramammary In-
fection Status

In total, DSCC and SCC as well as bacteriological results were available from 310
cows. While 97 cows were considered noninfected (Table 4.2.1), 149 were infected
with minor pathogens [i.e., NAS: 67, Corynebacterium spp.: 64, NAS and Corynebac-
terium spp.: 18]. Major pathogens (i.e., E. coli: 4, Streptococcus uberis: 24, other
esculin-positive streptococci: 19, S. aureus: 4, Streptococcus dysgalactiae: 9, others:
4) were found in 64 cows.

The linear mixed-effects models showed that DSCC in DHI samples were associ-
ated (P < 0.001) with the type of pathogen group detected but not with herd, parity
or time of collection prior to drying off (< 14 vs. > 14 d). The parameter SCC was
associated (P < 0.001) with the type of pathogen group detected as well as with parity.
The associations described above were the same in hand-stripped samples and DHI

samples for both parameters.

Table 4.2.1: Prevalence and distribution of mastitis pathogens isolated from 310 cows
kept on 15 dairy herds in Flanders, identified in quarter foremilk samples collected 5
d prior to drying off

Pathogen n % of total' % of infected by either major or
minor pathogen
None 97 31.29
Major pathogens 64 20.65
Staphylococcus aureus 4 1.29 1.88
Streptococcus uberis 24 7.74 11.27
Other esculin-positive streptococci 19 6.13 8.92
Streptococcus dysgalactiae 9 2.90 4.23
Escherichia coli 4 1.29 1.88
Others? 4 1.29 1.88
Minor pathogens 149 48.06
NAS? 67 21.61 31.46
Corynebacterium spp. 64 20.65 30.05
NAS and Corynebacterium spp. 18 5.81 8.45

IPercentage of all cows (n = 310).
2Others: Pseudomonas spp., Trueperella pyogenes

3Non-aureus staphylococci.

Differential SCC results in DHI samples generally increased as SCC increased
(Figure 4.2.1). The majority of the samples (i.e., 43 out of 64) with detection of major
pathogens appeared in the range DSCC > 50%. Differential SCC as well as SCC
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results varied widely (26-87%, 12,000 - 3,315,000 cells/mL) in samples with detection
of minor pathogens. Results of noninfected cows occurred mainly in the range below

400,000 cells/mL and showed varying DSCC values (20 - 82%).
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Figure 4.2.1: Differential somatic cell count (DSCC) versus SCC results in DHI
samples taken during last milk recording within 42 d prior to drying off according to
pathogens detected: (A) no (n = 97), (x) major pathogens (n = 64), (o) minor (n =
149). Each symbol represents the result of one DHI sample/cow but overlapping is
possible.

As for DHI samples, estimated marginal mean (EMM) DSCC results of cows in-
fected with minor pathogens only (EMM =+ SE: 60 + 1.35%) or major pathogens
(62 £ 1.82%) were significantly (P < 0.001) higher than those in noninfected cows
(50 £ 1.59%). The difference of the EMM DSCC was not significant between the
groups minor and major pathogens. Estimated marginal mean SCC results were ev-
idently (P < 0.01) higher when major pathogens (185,000 + 16,640 cells/mL) were
detected compared to cases with minor pathogens (152,000 + 11,196 cells/mL) or
with culture-negative samples (83,000 + 14,339 cells/mL). Differential SCC results in
hand-stripped samples followed the same pattern as in DHI samples (no pathogens: 50
£ 1.64%, minor: 54 £ 1.42%, major: 56 + 1.85%) and results were significantly (P <
0.001) higher in groups minor and major pathogens compared to no pathogens. Differ-
ences between the groups minor and major pathogens were not significant. Estimated
marginal mean SCC results were clearly (P < 0.05) lower in groups culture-negative

(78,000 £ 12,362 cells/mL) and minor pathogens (153,000 + 11,974 cells/mL) com-
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pared to major pathogens (192,000 £ 15,713 cells/mL).

Performance of DSCC, SCC, and the Combination of DSCC and SCC to Identify

Intramammary Infections at Drying Off

Sensitivity (Se), specificity (Sp), positive predictive value (PPV), and negative
predictive value (NPV) for detection of IMI with major pathogens (as treatment of
IMI due to minor pathogens is unwanted) at drying off based on either DHI or hand-
stripped samples were calculated for SCC alone, DSCC alone, and the combination of
DSCC and SCC (Table @]) As exemplary cut-offs, 100,000 and 200,000 cells/mL
were evaluated using SCC alone and 65.63% and 46.88% out of 64 cows with major
pathogen infections were identified correctly, respectively, working with DHI samples
(Table 4.2.2] for Se, Sp, PPV and NPV). In terms of DSCC alone, the exemplary cut-
offs 50, 60 and 70% were assessed and led to correct identification of 67.19, 57.81,
and 31.25% of cows with major pathogen infections, respectively. The combination
of DSCC and SCC resulted in the highest number of IMI by major pathogen detected.
Specifically, 78.13, 71.88, and 70.31% of cows were identified correctly using 100,000
cells/mL and 50, 60 and 70%, respectively, as exemplary cut-offs (meaning only cows
with results below both cut-offs were classified as noninfected or infected with minor
pathogens). A SCC threshold of 200,000 cells/mL in combination with DSCC cut-offs
of 50, 60 and 70% enabled correct detection of 73.44, 65.63, and 54.69% of cows with
major pathogen infections, respectively. The diagnostic abilities of SCC alone, DSCC

alone, and the combination of DSCC and SCC were similar for DHI and hand-stripped
samples (Table[4.2.2)).

The area under a ROC curve (AUC) quantifies the overall ability of a test to dis-
criminate between healthy and infected individuals and was calculated to compare the
different parameters used for identification of IMI (i.e., by major pathogens only) at
drying off in this study. The AUC for SCC alone as well as DSCC alone using DHI
samples was 0.62 [95% confidence intervals (CI): 0.55 - 0.70] each. The combination
of DSCC and SCC resulted in a minor and not significant (P > 0.05, DeLong’s test)
increase of the AUC to 0.64 (95% CI: 0.56 - 0.72). The optimal cut-offs for SCC alone,
DSCC alone, and the combination using DHI samples were 131,000 cells/mL, 59%,
and 135,000 cells/mL and 55%, respectively. In terms of hand-stripped samples, AUC
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was also slightly larger (not significant, P >0.05) for the combination of DSCC and
SCC (0.64, 95% CI: 0.55 - 0.71) compared to SCC alone (0.62, 95% CI: 0.55 - 0.71)
or DSCC alone (0.58, 95% CI: 0.50 - 0.66).

The performance of the different parameters to identify IMI caused by minor or
major pathogens was also evaluated. In case of DHI samples, AUC results for the
parameters DSCC alone, SCC alone, and the combination of DSCC and SCC were at
0.70 (95% CI: 0.64 - 0.76), 0.68 (0.62 - 0.74), and 0.72 (0.66 - 0.77), respectively.
Differences between AUCs were not significant (P > 0.05). In case of hand-stripped
samples, the AUC of DSCC alone was at 0.62 (0.55 - 0.68) and slightly higher (not
significant, P > 0.05) for SCC alone 0.66 (0.59 - 0.73) and the combination of DSCC
and SCC (0.67, 0.61 - 0.74). The optimal cut-offs for SCC alone, DSCC alone, and the
combination using hand-stripped samples were 141,000 cells/mL, 51%, and 145,000
cells/mL and 53%, respectively.

The performance of the different parameters was further checked comparing DHI
samples collected > 14 d compared to < 14 d prior to drying off. Interestingly, the
AUC of both SCC alone and the combination of DSCC and SCC was slightly higher
when samples were collected > 14 d than in those < 14 d, 0.65 vs. 0.60 and of 0.66

vs. 0.61, respectively.

4.2.5 Discussion

The bulk of antimicrobials applied on dairy farms is used in connection with dry cow
therapy and often regardless of the actual IMI status. This, in turn, is seen critical given
that antimicrobial resistance is a growing threat in human and veterinary medicine.
Culture-based approaches (e.g., Patel et al., 2017) or polymerase chain reaction (e.g.,
Gussmann et al., 2018) are used for SDCT but, although bacteriological culture re-
mains the gold standard for diagnosing IMI, the tests are costly and time-consuming
(e.g., specific samples needed, labour time, materials). Besides, SCC results from
monthly available milk recording samples are broadly used as practical and convenient
key indicator for SDCT in some countries nowadays (e.g., Vanhoudt et al., 2018; Vilar
et al., 2018). Recently, DSCC, a new parameter that can routinely be determined on
dedicated high-throughput flow cytometers (i.e., Fossomatic 7 DC, FOSS, Denmark)

in connection with SCC, was introduced (Damm et al., 2017). Hence, the objective of
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our study was to investigate the new DSCC as a supplementary indicator to SCC for

identification of IMI at the end of the lactation period.

To the best of our knowledge, this is the first study describing DSCC in connection
with identification of IMI at the end of lactation. However, our results are generally
in agreement with the previously described trend of increasing DSCC results as SCC
increase (Damm et al., 2017). Our data showed that the new DSCC parameter was
significantly higher in cows with IMI by major pathogens at drying off compared to
noninfected cows. Given that DSCC mainly represents the proportion of PMN (Damm
et al., 2017) and the fact that PMN are known to be the dominant cell population in the
presence of major pathogens (e.g., Paape et al., 1979; Schwarz et al., 201 1a; Pilla et al.,
2012), these results were to be expected. Samples with detection of minor pathogens
revealed huge variations in DSCC and SCC results, which might be explainable by the
varying pathogenicity of particularly NAS species (De Vliegher et al., 2012; Vander-

haeghen et al, 2015) and is further discussed below.

The test performance of DSCC and SCC, individually and combined, was evalu-
ated based on comparing Se, Sp, PPV, and NPV as well as AUC analyses quantifying
the overall ability of a test to discriminate between healthy and diseased individuals.
Comparable data on DSCC does not exist in the literature given the novelty of the
parameter. However, Nyman et al., (2016) describe AUC results of 0.83 for SCC as
indicator of mastitis during lactation. In a study comparable to ours but investigating
only SCC in DHI samples as indicator for SDCT, an AUC of 0.85 is reported (Mc-
Dougall et al., 2017). However, the definition of IMI is critical when comparing results
of different studies. While we defined the IMI status of a cow based on 1 sampling and
detection of > 3 colonies of the same type of pathogen, Nyman et al., (2016) used 3
consecutive samples and McDougall et al., (2017) did not specify details of the bacteri-
ological test performed (e.g., detection limit used). Area under the curve results in our
study are generally fairly low which might be explained by the fact that 14 and 6 cows
with major pathogens infection had SCC < 50,000 cells/mL in DHI and hand-stripped
samples each. At the same time, 74 and 82 cows with no or minor pathogen results
showed an SCC > 200,000 cells/mL in DHI and hand-stripped samples each. This, in
turn, caused evident overlapping of test positive and negative results. A possible rea-

son might be misclassification of the infection statuses of cows. It is well-known that
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pathogens are present in the udder but negative culture results occur due to intermittent
shedding (e.g., S. aureus), shedding of too-low masses of a pathogen to grow during
bacteriological culture and ceased growth of pathogens (Sears et al., 1990). Presence
of major pathogens in samples with low SCC, however, has been described in other
studies (e.g., Schwarz et al., 2010) and were interpreted as mastitis in its early stage
because of elevated proportions of PMN confirming inflammatory reactions (Schwarz

etal., 2011a,b).

Nevertheless, SCC is generally considered as highly valuable for drying off treat-
ment decision making (Rajala-Schulz et al., 2011; Dufour and Dohoo, 2012; Scherpen-
zeel et al., 2014) and used widely in practice for that purpose. The results of our study
revealed that combining DSCC and SCC led to correct identification of slightly more
major pathogen infected cows (i.e., 4 cases more using 60% and 100,000 cells/mL vs.
100,000 cells/mL alone) given that cows with results below the SCC cut-off but above
the DSCC cut-off were classified as infected in addition. In general, infected quarters
with inflammatory reactions would be more clearly reflected in cow-composite/DHI
samples using the combination of DSCC and SCC compared to SCC alone because
not only elevated SCC but also elevated PMN proportions of the individual infected
quarter can be seen clearer in composite samples as discussed in detail elsewhere (Wall
et al., 2018). The identification of as many IMI caused by major pathogens as possible
is clearly desired in terms of SDCT because such cases are clearly a risk for udder
health issues at the beginning of the subsequent lactation when undetected and left
untreated at drying off. In this context, the results of our study demonstrated that the
combination of DSCC and SCC provides an opportunity for identification of more IMI

by major pathogens at the end of lactation compared to SCC alone.

Cows with detection of minor pathogens were regarded suspicious but not consid-
ered as worth treating with antimicrobials in our study, which is in line with common
practise elsewhere (e.g., @steras and Sglvergd 2009). Thus, such cows were grouped
together with noninfected cows for ROC analyses. However, both DSCC and SCC re-
sults of such cows varied hugely. While Corynebacterium spp. is known to readily col-
onize the teat canal (Brooks and Barnum, 1984), De Vliegher et al., (2012) described
that the pathogenicity of NAS varies from being protective to being the cause of sub-

clinical mastitis or (mild) clinical mastitis. Worldwide, research is ongoing to further
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explore the pathogenicity of the different NAS species. Intramammary infection by the
more harmful NAS such as S. chromogenes, S. simulans, and S. xylosus (Supré et al.,
2011) typically results in somewhat increased SCC. In this context, the new DSCC pa-
rameter might actually open up the possibility to further differentiate between less and
more harmful NAS species) by indicating the proportions of polymorphonuclear neu-
trophils (PMN), which, in turn, are a clear indicator of an inflammatory reaction even
in the low SCC range (e.g., Schwarz et al., 2011a,b). Polymorphonuclear neutrophil
proportions in quarters with detection of minor pathogens were described to be signifi-
cantly higher compared to those in noninfected quarters (Schwarz et al., 2011a; Pilla et
al., 2012). As a result, the combination of elevated DSCC might indicate more harmful
minor pathogens needing more attention. In that event, the number of false-positives
would be clearly lower in our study. However, species or subspecies information on
NAS was not available in our study and further research is needed to better understand

the relation between DSCC and IMI by NAS.

As briefly described above, culture is generally considered as golden standard for
identification of IMI. It is well-known that high SCC values are associated with the
presence of mastitis pathogens (e.g., Schwarz et al., 2010). Our and previous studies
(Schwarz et al., 2011a; Pilla et al., 2012; Wall et al., 2018) revealed elevated DSCC
values are also associated with the presence of mastitis pathogens. This, in turn, opens
up the possibility that the combination of DSCC and SCC can be applied for a more
targeted screening and selection of samples or cows where the costly bacteriological
testing should be performed on. However, such optimization of applying bacteriologi-
cal testing and/or potentially replacing the test by the combination of DSCC and SCC

require further detailed investigation.

We used and evaluated the diagnostic abilities of the last DHI sample collected
within a period of up to 42 d as well as hand-stripped samples collected within 5
d before drying off. It is generally known that quarter samples allow a more pre-
cise determination of the udder health status than cow-composite samples due to up-
concentrating of somatic cells in the milk with decreasing milk yields (e.g., Reyher
and Dohoo, 2011; Dufour and Dohoo, 2012). However, we deliberately choose to
work with cow-composite samples because, in particular, the DHI samples are rou-

tinely available in practice anyway. In our study, the AUC results for the different pa-
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rameters investigated were at the same level in DHI and hand-stripped samples. Hence,
the readily available DHI samples from typically monthly testing in the frame of milk
recording programs could be used and the additional effort and expenses required for
collection and analysis of hand-stripped samples would not be justified. Interestingly,
the AUC results for all parameters investigated were slightly higher when DHI sam-
ples were collected > 14 d compared to < 14 d prior to drying off. To the best of
our knowledge, this is the first study investigating DSCC in the context of mastitis
management, but using SCC results of the last DHI sample has been described as a
reliable predictor of IMI at drying off previously (McDougall et al., 2017). The fact
that AUC results for the different parameters tested were at the same levels for DHI
and hand-stripped samples further clearly opens up a highly interesting possibility for
dairy farms not enrolled to regular DHI testing. Hand-stripped samples of cows ap-
proaching the dry period could be collected and analysed to screen for IMI and thus to
decide about (selective) dry cow therapy.

In our study, single testing of DHI and hand-stripped samples was performed due
to practical reasons. It has been demonstrated that multiple (i.e., triplicate) tests lead
to a modest gain in Sp but little or no gain in Se (Dohoo et al., 2011) in detecting IMI.
We could show that the combination of DSCC and SCC slightly improves (higher Se
but lower Sp) the detection of major pathogens at drying off compared to SCC alone,
when applied using either DHI or hand-stripped samples. This is of interest when
considering the fact that DSCC can be used to screen a large number of cows at low
cost in the future (e.g., in connection with monthly milk-recording). However, it might
be possible to further optimize the detection of IMI caused by major pathogens (or
harmful minor pathogens) using the combination of DSCC and SCC in DHI samples
by including other data available in the DHI database e.g., historic SCC and DSCC

results, in the decision-making process.

4.2.6 Conclusion

The results of our study indicate that the combination of DSCC and SCC improved the
Se and worsened the Sp for identifying IMI by major pathogens at the end of lactation
using DHI samples or hand-stripped samples compared to using SCC alone. Hence,

our study provides first indications on using the combination of DSCC and SCC as
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indicator for IMI at the end of lactation and further work on practical applications
is needed because undetected and untreated major pathogen infections at drying off
present a risk for udder health problems in the subsequent lactation. Working with
DSCC and SCC determined in DHI samples, that are regularly available from herds
enrolled in DHI programs, or hand-stripped samples in any herd may represent prac-
tical and convenient tools for further optimizing judicious use of antimicrobials at the
end of the lactation period. Specifically, the test represents an appropriate possibility
for further lowering the risk of drying off infected cows without antimicrobials. Fu-
ture work in this field should focus on optimizing the application of DSCC and SCC
for SDCT by, for example, investigating the additional value of including results of

multiple test-days.
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5.1 Abstract

Selective dry cow therapy is now a well-accepted alternative of blanket dry cow therapy
(BDCT) to reduce the use of antimicrobials on dairy herds. The objective of current
study was to test the hypothesis that applying selective dry cow therapy (SDCT) does
not negatively impact udder health, milk yield and the culling hazard when compared
to BDCT and reduces total antimicrobial consumption for udder health substantially.
Twelve commercial herds with a general good udder health management were enrolled
in a randomized clinical trial, contributing 466 cows that were randomly assigned to
BDCT (n = 244) or SDCT (n = 222) groups within herds, and were dried-off using
a predefined algorithm. Cows in the BDCT group received long-acting antimicro-
bials and internal teat sealants, while cows in the SDCT group only received internal
teat sealants and no long-acting antimicrobials when considered noninfected/minor
pathogen at drying off. Cows were considered noninfected/minor pathogen when be-
low herd- (estimated prevalence of subclinical mastitis) and cow- (parity) specific SCC
thresholds as determined in a previous study (Lipkens et al., 2019). In total, 75 out of
222 cows (33.8%) in the SDCT group were considered noninfected/minor pathogen
based on the algorithm and could be left without antimicrobial therapy at drying off.
Test-day SCC and culture results prior to drying off were available as well as clinical
mastitis, culling and test-day SCC and milk yield information until 100 DIM in next
lactation. Between the BDCT and SDCT group, the clinical mastitis risk and culling
hazard did not differ, nor did test-day LnSCC and milk yield. Overall, the total antimi-
crobial use for udder health [counted in defined daily dose animal (DDDA)] monitored
starting at drying off until 100 DIM was significantly lower in the SDCT group com-
pared to the BDCT group, although substantial variation between herds was observed.
On average, 31.1% of the cows in the SDCT group received less than 4 DDDA (thus
less than needed to dry-off a cow), while 55.9 and 13.1% of the cows received be-
tween 4 and 7 DDDA and more than 7 DDDA, respectively. The results from this
randomized clinical trial suggest that SDCT using an algorithm based on herd- and
cow-specific test-day SCC selection criteria to determine the infection status of cows
at drying off helps in decreasing the overall use of antimicrobials without jeopardizing

cows’ health and milk yield.
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5.2 Introduction

Since the 1930s, antibiotics have been an important tool to prevent and control bacte-
rial infections in animal husbandry. Unfortunately, studies have documented a positive
correlation between antimicrobial consumption and the emergence of antimicrobial
resistance in animal-associated bacteria (Marshall and Levy, 2011; Chantziaras et al.,
2014). The emergence of antimicrobial resistance has now become of global con-
cern (Hwang and Gums, 2016), as it negatively impacts both animal and public health
(Marshall and Levy, 2011). Therefore, efforts are demanded to enhance the prudent
use of antimicrobials in veterinary medicine and to reduce the overall use in animal
husbandry, including the dairy industry.

More than 65% of the antimicrobials in dairy herds are used for udder health, half
of which consist of dry cow tubes (More et al., 2012; Kuipers et al., 2016; Stevens
et al., 2016). The latter is not surprising as infusion of all quarters with long-acting
antimicrobials at the end of the lactation has been recommended as part of effective
mastitis control programs (Neave et al., 1969). The dual goal of this practice, known
as blanket dry cow therapy (BDCT), is to cure existing intramammary infection (IMI)
and to prevent new IMI during the dry period (Halasa et al., 2009). Considering the fact
that BDCT remains a merely preventive practice, this procedure has been under debate
since a while (Oliver et al., 2011). Therefore, selective dry cow therapy (SDCT), i.e.,
only administrating antimicrobials to cows with an existing major pathogen IMI at
drying off, may help in meeting the justified public demands.

To implement SDCT successfully, it is essential to accurately identify those cows in
need of antimicrobials at drying off (Scherpenzeel et al., 2014; Cameron et al., 2015).
Although there is a general agreement that not all cows benefit from an antimicrobial
treatment, the debate is ongoing about which cows could be left without antimicrobials.
Some researchers aimed at administering antimicrobials to all cows infected with any
pathogen using an on-farm culturing tool (Cameron et al., 2015; Patel et al., 2017). As
a substantial proportion of cows is able to self-cure during the dry period (McDougall,
1998; Wilson et al., 1999), especially when minor pathogens are involved, only tar-
geting major pathogen infected cows (@steras and Sglvergd, 2009; McDougall et al.,
2017) or quarters (Berry et al., 2002) for antimicrobial treatment at drying off seems

to embody good stewardship of antimicrobial use.
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Somatic cell counting (SCC) is often used as an easy-to-use, cheap yet reliable al-
ternative for conventional bacteriological culturing which is a labor-intensive and time-
consuming technique. On-farm culturing, for instance with the 3M Petrifilm device,
seems promising to detect IMI at the end of the lactation (Cameron et al., 2015), yet
major and minor pathogens cannot be differentiated and herdsmen still need to invest
in the tool, while every 4 to 6 weeks, individual composite SCC are available through
Dairy Herd Improvement (DHI) recording. As it is of utmost importance to avoid dry-
ing off major pathogen infected cows without antimicrobials, because of the potential
negative impact on future cow welfare and the income of the producer, SCC combi-
nations and thresholds yielding with high negative predictive values (NPV) should be
preferred to differentiate major pathogen infected cows from noninfected and minor
pathogen infected cows at drying off. In previous studies, SDCT has been applied us-
ing SCC information derived from the last DHI recording in combination with parity
and clinical appearance of the cow and teats (Scherpenzeel et al., 2014), and SCC de-
rived from the three last DHI recordings in combination with clinical mastitis (CM)
history in previous lactation (Vasquez et al., 2018). We recently reported that combin-
ing the SCC information from the three last milk recordings before drying off was able
to accurately identify noninfected cows at drying off and resulted in slightly different
predictive values than provided by a single last test-day SCC. Also, the estimates were
modified by the herd level prevalence of subclinical mastitis and the cow’s milk yield
and parity (Lipkens et al. 2019). Combining this easily accessible DHI information

into an algorithm to selectively dry-off cows, would be helpful.

Of course, implementation of SDCT should ideally not jeopardize future perfor-
mances of the cows and should not (substantially) increase antimicrobial use in lacta-
tion. Recently, different studies reported the absence of important differences between
treatment groups (BDCT versus SDCT) when assessing milk yield (Rajala-Schultz et
al., 2011; Vasquez et al., 2018), CM (Cameron et al., 2015; Patel et al., 2017, Vasquez
et al., 2018) and culling hazard (Vasquez et al., 2018) in the subsequent lactation under
the condition that herds had a BMSCC < 250,000 cells/mL and an internal teat sealant
was administered to all quarters of all cows. The latter was, however, no requirement
in a recently published Dutch study (Scherpenzeel et al., 2014) and might therefore, at

least partially, explain the 1.7 higher likelihood of CM in quarters that remained un-
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treated at drying-off. Still, when evaluating SDCT, most studies (Rajala-Schultz et al.,
2011; Patel et al., 2017; Vasquez et al., 2018) only included low-risk cows (e.g., cows
with low SCC before drying off, four functional quarters, expected dry period length
of < 100 days, no more than one CM event in the current lactation etc.) and compared
treated and untreated low-risk cows. Another approach to evaluate SDCT is compar-
ing quarters dried-off with and without antibiotics as was done by Scherpenzeel et al.
(2014) and Berry and Hillerton et al. (2002). Yet, no studies made use of a within-herd
control group of cows that received BDCT to calculate the impact of SDCT on future
udder health, culling hazard, milk yield and total antimicrobial use for udder health.
This approach would provide better insight in what farmers can expect when shifting
from BDCT to SDCT in the herd.

The objective of this study was to calculate the impact of SDCT on CM and culling
hazard, and test-day SCC and milk yield in the first 100 DIM of the new lactation, and
total antimicrobial use for udder health between drying off and the first 100 DIM.
To do so, a randomized clinical trial was conducted in which approximately half of
the cows on twelve commercial dairy herds were dried off using BDCT, as happened
before the start of the trial, and half of the cows were dried off using SDCT, comple-
mented with internal teat sealants for all cows in both treatment groups, facilitating
comparison of their performance under the same general management. An algorithm
based on the three last test-day SCC values before drying off with herd-, parity-specific
SCC thresholds (Lipkens et al., 2019) and on CM data, was used and complemented to
differentiate between major pathogen infected (treated with antimicrobials and inter-
nal teat sealants) and noninfected cows or cows infected with minor pathogens (only

received internal teat sealants) in the SDCT group.

5.3 Materials and Methods

Herds and Animals

Twelve commercial dairy farms milking in total 1,077 dairy cows were recruited
on a voluntary base to participate in a randomized clinical trial conducted from March
2017 till April 2018. For practical reasons, a minimum herd size of about 50 lactating

cows was required as well as being situated within a 50 km radius from the Faculty of
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Veterinary Medicine of Ghent University (Merelbeke).

All herds had to participate in the local DHI program of the cooperative cattle
improvement organization (CRV, Sint-Denijs-Westrem, Belgium) on a four- to six-
weekly basis, and were required to have a good udder health management as reflected
by a geometric mean BMSCC < 250,000 cells/mL (Schukken et al., 1992) for a period
of six months before enrollment in the study. All herds milked twice daily using a con-
ventional milking parlor and cows calved year-round. Before the start of the study, all
herds applied BDCT. A majority of the herds (9 out of 12) made use of broad spectrum
long-acting antimicrobial dry cow tubes, while the remaining three herds used small
spectrum long-acting antimicrobial tubes (Table [5.I). On average, the herds housed
90 cows (ranging from 56 to 139 cows) and had an average dry period length of 46 d
(ranging from 40 to 59 d). The test-day milk yield (MY) at the last DHI record before
drying off was normally distributed with a mean of 24.3 kg per day (standard deviation
of 7.6 kg). The geometric mean BMSCC in March 2017 (i.e., the start of the study),
calculated based on at least 4 records per month, was 145,000 cells/mL (ranging be-
tween 84,000 and 195,000 cells/mL) while the mean 305 d milk production was 9,168
kg (ranging from 5,514 and 12,213 kg). More detailed herd information can be found
in Table 5.1

Study Design

All 1,077 cows in the 12 herds were eligible and were randomly allocated to a
BDCT or SDCT group within herds at the start of the study period based on their ear
tag number (Table [5.1), of which 466 cows were dried off during the study period
between March and October 2017. Cows with an odd ear tag number, received BDCT
at drying off (BDCT group; 244 cows or 52.4%): they were administered long-acting
antimicrobials (same product as used in the herd before the start of the study) and
internal teat sealants at drying off in all quarters. Cows with an even ear tag number
were selectively dried-off with or without long-acting antimicrobials (SDCT group;
222 cows or 47.6%) depending on their estimated infection status using a predefined
algorithm (see further; based on Lipkens et al., 2019), yet always received internal teat

sealants in all quarters at drying off.

As the dry cow therapy was administered by the producers, their drying off tech-
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nique was evaluated and corrected when needed to ensure asepsis and good infusion

techniques before the start of the trial.

Besides long-acting dry cow tubes, producers were allowed to administer antimi-
crobials systemically at the start of the dry period, yet only for cows in the BDCT
group and if cows were considered to be infected with a major pathogen according to
the algorithm in the SDCT group. The antimicrobials used were the producer’s choice.
In only three herds, a total of seven cows received additional systemic antimicrobials

at drying off, all being part of the herd’s BDCT groups.

A treatment effect was estimated by comparing udder health (i.e., test-day SCC and
CM incidence in next lactation until 100 DIM), milk yield and culling hazard in next
lactation until 100 DIM, and total antimicrobial use for udder health starting at drying
off until 100 DIM between the BDCT and SDCT groups). The infection status of each
cow was available via culturing of quarter milk samples collected around drying off
(see further). More detailed information about the number of cows available for the

different analyses is presented in Figure

Differentiation of Major Pathogen Infected from Minor Pathogen Infected or

Noninfected Cows at Drying Off

Cows that suffered from CM between the last test-day and the day of drying off
were considered major pathogen infected at drying off by default and therefore consid-
ered in need of long-acting intramammary antimicrobials, as were cows for which one
or more of the three last test-day SCC values were lacking (Figure [5.2)). For all other
cows, the infection status was estimated around drying off using an algorithm (Figure
based on the three last test-day SCC values prior to drying off (obtained till 151 d
before drying off with an interval between DHI records ranging from 23 till 59 DIM),
yielding the highest NPV, while taking into account the estimated herd prevalence of
subclinical mastitis [high prevalence herd (calculated geometric mean BMSCC over 6
months > 157,000 cells/mL) versus low prevalence herd (calculated geometric mean
BMSCC over 6 months < 157,000 cells/mL)] at the time of drying off as well as the

parity of the cow (heifers versus multiparous cows) (Lipkens et al., 2019; Figure[5.2).

In low prevalence herds, the highest NPV for a major pathogen infected heifer

and a multiparous cow were 93.3 and 86.4% at the threshold of 150,000 cells/mL
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and 100,000 cells/mL, respectively. In high prevalence herds, the highest NPV for a
pathogen infected heifer and a multiparous cow were 92.0 and 87.5%, respectively, at
the threshold of 50,000 cells/mL, the SCC thresholds included in the algorithm (Figure
; Lipkens et al., 2019). The data from the current study allowed us to validate these
numbers by calculating the test characteristic and predictive values of the algorithm

versus the culture results obtained at drying off (see further).

Bacteriological Culturing

Culturing was performed as previously described in Lipkens et al. (2019), follow-
ing the National Mastitis Council guidelines (Hogan et al., 1999). Briefly, from each
quarter sample, 10uL of milk was inoculated on a quadrant of a blood-esculin (Oxoid,
Aalst, Belgi€) and a MacConkey agar (Oxoid). After an aerobic incubation period of
24h and 48h at 37°C, phenotypically different colonies were counted and identified us-
ing Gram-staining, hemolysis patterns and inspection of the colony morphology. Also,
catalase tests, DNase test, coagulase tests and appearance on blood-esculin agar, bile-
esculin agar (Oxoid) and a Christie, Atkins, and Munch-Petersen test were used to

further differentiate mastitis pathogens.

The samples were considered to show significant growth if > 3 colonies (> 300
cfu/mL) were observed of a phenotypically similar colony type, and the samples were
considered to be contaminated in case > 3 phenotypically different colony types were
observed (Pantoja et al., 2009), with the exception of non-aureus staphylococci as
phenotypically different colony types were allowed because different colony types can

belong to the same species (De Visscher et al., 2013).

Data Collection and Treatment Qutcomes

Culturing at Drying Off. Sterile milk samples were collected by the first author
within a maximum of 5 d before drying off (further referred to as “at drying off”). The
IMI status of the cows was based on the quarter-level bacteriological results, in the fol-
lowing hierarchic order, as was done previously (Lipkens et al., 2019): (1) the IMI sta-
tus of a cow was considered undefined if > 1 of the quarter milk samples was contam-
inated or infected with fungi or yeast; (2) a cow was considered to be infected with (a)

major pathogen(s) if > 1 quarter milk sample(s) showed significant growth of Staphy-
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lococcus aureus, Streptococcus dysgalactiae, Streptococcus agalactiae, Streptococcus
uberis, other esculin positive streptococci than Streptococcus uberis, Trueperella pyo-
genes or Gram-negative bacteria and not if the quarter milk samples was contaminated
or infected with fungi or yeast; (3) a cow was considered to be infected with (a) minor
pathogen(s) if > 1 quarter milk sample(s) showed significant growth of Corynebac-
terium spp. or non-aureus staphylococci and none of the quarters was infected with (a)
pathogen(s), and none of the quarter milk samples was contaminated or showed signif-
icant growth of fungi or yeast; and (4), only in case that all quarter milk samples were
culture-negative or showed non-significant growth of any pathogen (including Bacillus

spp.), the cow was considered to be noninfected.

By use of bacteriological culturing at drying off as gold standard, the algorithm’s
outcome (i.e., antimicrobial treatment or not) was verified in the SDCT group. The test
characteristics [sensitivity (Se) and specificity (Sp)] and predictive values [positive and
negative predictive value (PPV and NPV, respectively)] of the algorithm outcome, that
differentiated between cows in need of treatment with long-acting antimicrobials at
drying off (i.e., major pathogen infected cows) and cows that should not be treated
with antimicrobials at drying off (i.e., either noninfected or minor pathogen infected

cows), were calculated by use of 2 x 2 tables (Dohoo et al., 2003).

Clinical Mastitis and Culling. Producers were asked to record and sample the first
CM case of each cow in the study, starting at drying off until 100 DIM (or culling).
Sample materials were provided and sampling techniques were verified to ensure asep-
tic sampling. Signs of CM were defined as visible abnormalities of the udder or milk
(absence or presence of clots in milk, a hard and painful quarter, or systemic illness),
indicating udder inflammation. Also, all culling events between drying off and 100
DIM were recorded by the farmer. Reasons for culling were either udder-related (mas-
titis or teat-end injuries) or related to other issues (lameness, abortion, old age, gas-

trointestinal problems etc.).

Total Antimicrobial Use for Udder Health. Detailed antimicrobial use records
were kept by the producers when antimicrobials were used for udder health issues [i.e.,
dry cow therapy or (clinical) mastitis treatment] including cow identification, product

name and volume, day, route and reason of administration.

During the monitoring period, thus from time of drying off until 100 DIM (or
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culling), the total defined daily dose animal (DDDA) was calculated for each cow as
was done by Stevens et al. (2016). In short, one DDDA (mg/cow-day) represents the
average daily on-label dosage multiplied by the 600 kg body mass of an adult dairy
cow (Scherpenzeel et al., 2014; SDa, 2013). In case a range of doses was possible, the
average dose was used; in case the dose differed among different indications, the dose
for the treatment of mastitis was chosen; in case of off-label use (very sporadic), the
dose for the treatment of calves was used; for combination products, the weights of
active ingredients of the constituents were summarized to determine the total weight
of active ingredients in the combination compound; the total dose of long-acting an-
timicrobials was converted into the number of daily doses according to the duration of
action claimed by the manufacturer; one dry cow injector was assumed to be 1 DDDA,
therefore a cow that was dried off was believed to be administered 4 long-acting dry
cow tubes, and was counted for 4 DDDA, regardless of the persistence of the antimi-

crobial.

Somatic Cell Count and Milk Yield. Individual test-day SCC (x 1,000 cells per
mL) and composite MY (kg of milk/d) per cow were available via DHI records, and

collected in a database from calving till 100 DIM (or culling).

Statistical Analyses

Clinical Mastitis and Culling. The association between the treatment group (SDCT
versus BDCT, predictor variable of main interest) and the risk of developing CM or the
hazard of being culled (outcome variables), was determined using survival analysis. A
shared frailty survival model was fit with time in days between drying off and the
occurrence of CM (first case of CM versus censored) or a culling event (culled ver-
sus censored) as outcome variable, respectively. Treatment group (2 levels: BDCT
and SDCT) was included as categorical predictor variable of main interest, and herd
was included as a frailty effect to correct for clustering of cows within herds (PROC

PHREG, SAS 9.4, SAS Institute Inc.).

Test-day Somatic Cell Count and Milk Yield. The association between the treat-
ment group (BDCT versus SDCT, predictor variable of main interest) and test-day

LnSCC or milk yield (outcome variables), respectively, was determined using linear

mixed regression models (PROC MIXED, SAS 9.4, SAS Institute Inc.). Herd and cow
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were included as random effects to correct for clustering of cows in herds and repeated
measurements within cows, respectively. The model also included DIM, the quadratic
term for DIM (DIM?), and LnSCC for outcome variable milk yield only, as continuous
predictor variables, and the treatment group (2 levels: BDCT and SDCT), as categor-
ical predictor variable. All possible two-way interactions with treatment group were
tested and maintained in the model when statistically significant (P < 0.05). All predic-
tors were excluded in a backward stepwise manner when statistically non-significant
(P > 0.05), unless included in an interaction and with the exception of the treatment
group which was retained in all models, even when non-significant.

Total Antimicrobial Use for Udder Health. The association between the treatment
group (BDCT versus SDCT, predictor variable of main interest) and the total antimi-
crobial use for udder health per cow [loglO(DDDA+1), to normalize the data] was
determined using linear mixed regression models (PROC MIXED, SAS 9.4, SAS In-
stitute Inc.). Herd was included as a rand om effect to correct for clustering of cows
within herds. The model also included the number of monitoring days (number of days
between drying off and 100 DIM or date of culling) as continuous predictor variable
and the two-way interaction with treatment group was tested and maintained in the

model when statistically significant (P < 0.05).

5.4 Results

Bulk Milk Somatic Cell Count Strata

As the geometric mean BMSCC over the last six months of each herd varied during
the study period, herds were able to shift from a so-called low to a high prevalence herd
or vice versa. At the start of the study, in March 2017, four herds (herds 2, 3, 10 and 12;
Table [5.1) were defined as high prevalence herd, and remained high prevalence herds
till October 2017, when the last cow was dried-off in the study. The same observation
was made for three low prevalence herds (herds 1, 4 and 11; Table that remained
low prevalence herds till October 2017. Yet, the remaining five herds (herds 5, 6, 7,
8 and 9; Table [5.1) were initially low prevalence herds and became high prevalence
herds for at least one month. Importantly, during the entire field study, the geometric

mean BMSCC threshold of 250,000 cells/mL was never exceeded by any of the herds
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and therefore all herds remained in the study.
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Figure 5.1: The proportion of cows in each herd that received antimicrobials (AM) or
not (no AM) at drying off, according to their infection status as predicted by the
algorithm, which is depicted in Figure[5.2] The 12 herds were sorted based on their
geometric mean bulk milk SCC over a six month period, which was monthly
recalculated during the study from March till October 2018, and was used to stratify
the herds into [1] herds with a low estimated prevalence of mastitis, [2] herds that
shifted from a low to a high estimated prevalence of mastitis within the herd, [3] herds
with a high estimated prevalence of mastitis.

Differentiation of Major Pathogen Infected cows from Minor Pathogen Infected
or Noninfected Cows at Drying Off in the SDCT group

The infection status at drying off as determined by quarter-level culture results (i.e.,
noninfected, minor or major pathogen infected) was available for 194 cows (87.4%) in
the SDCT group (Figure 5.1) as 28 cows were redundant for further analyses due to
an undefined IMI status (n = 21 cows, 9.5%) or significant growth of Bacillus spp. in
at least one quarter (n =7, 3.2%). Most cows (63.4%) were minor pathogen infected,
19.8% of the cows were noninfected, and only 16.8% were major pathogen infected at
drying off. This allowed for calculating the diagnostic properties and predictive values

of the algorithm. In the SDCT group, the Se and Sp were 71.0% (95% CI: 64.6 -
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77.4%) and 31.9% (95% CI: 25.3 - 38.5%), respectively, while the PPV and NPV were
16.5% (95% CI: 11.3 - 21.8%) and 85.2% (95% CI: 80.3 - 90.2%), respectively.

As mentioned, 18 cows of the SDCT group were considered major pathogen in-
fected by default because of the occurrence of CM between the last test-day and dry-
ing off (n = 7) and unavailability of one or more of the three last test-day SCC be-
fore drying off (n = 11), and therefore received long-acting intramammary antimicro-
bials at drying off (Figure[5.2). Of the remaining 204 cows in the SDCT group, 108
(52.9%) cows were part of a high prevalence herd at drying off, of which 18 out of 45
(40.0%) heifers and 5 out of 63 (7.9%) multiparous cows were considered to be minor
pathogen infected or non-infected at drying off according to the algorithm. Ninety-six
(47.1%) cows were part of a low prevalence herd at drying off, of which 28 out of
32 (87.5%) heifers and 24 out of 64 (62.5%) multiparous cows were considered to be
minor pathogen infected or non-infected at drying off (Figure [5.2). In a high preva-
lence herd, the odds of a heifer or cow being considered minor pathogen infected or
non-infected and therefore not receiving antimicrobials at drying off were 4.8 and 1.5
higher than in a low prevalence herd, respectively. All in all, 75 out of the 222 SDCT
cows (33.8%) only received internal teat sealants drying off, with a between-herd vari-

ation of 6.2 to 73.9% (Figure [5.1).

Monitoring Period

Cows were monitored between time of drying off until 100 DIM (or culling), with
a mean duration of 142d in both treatment groups (ranging from 14 to 209d in the
BDCT group with a standard deviation of 23d; ranging from 1 to 221d with a standard
deviation of 27d in the SDCT group). The mean dry period length was 45d (ranging
from 5 to 109d; standard deviation of 16d) and 48d (ranging from 2 to 121d; standard
deviation of 17d) in the BDCT and SDCT group, respectively.

Performance after Drying Off

Clinical Mastitis Risk. The CM risk was numerically yet non-significantly higher
(P =0.54) in cows that received SDCT than in cows that received BDCT (Table[5.1]and
Figure [5.2). In total, 81 cows suffered from CM between time of drying off and 100
DIM, of which 41 cows (18.5%) in the SDCT group (n = 222) and 40 cows (16.4%) in
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Table 5.1: Final shared frailty survival models describing the association between the
treatment group (BDCT versus SDCT!) and the clinical mastitis and culling hazard
after drying off until 100 DIM

Outcome variable Predictor Cows, n B SE HR? 95% CIHR? P-value®
Clinical mastitis
Treatment group NS*
BDCT 244 Referent
SDCT 222 0.14 022 1.15 0.75-1.77
Culling
Treatment group NS3
BDCT 244 Referent
SDCT 222 0.45 036 1.57 0.78 - 3.18

ICows were either allocated to the blanked dry cow therapy (BDCT) or selective dry cow
therapy (SDCT) treatment group, yet always received internal teat sealantsat drying off;
?Hazard ratio and 95% CI of HR; *Overall P-value of the fixed effect; *Not significant
(P = 0.54); °Not significant (P = 0.21).

Table 5.2: Bacteriological culture results of a cow’s first clinical mastitis event after
drying off

BDCT group! SDCT group?

Pathogen n % n % No AM? (%)
Total 40 100 41 100 11 (26.8)

Staphylococcus aureus 1 2.5 3 7.3 1(33.3)

Streptococcus uberis 1 2.5

Other esculine-positive streptococci 6 15.0 5 12.2 0 (0.0)

Streptococcus dysgalactiae 1 2.5

Non-aureus staphylococci 2 5.0 2 4.9 2 (100)

Corynebacterium spp. 1 2.5

Gram-negatives 15 37.5 17 41.5 4 (23.5)

Yeast 3 7.5 2 4.9 1 (50.0)

No growth/non-significant growth* 3 7.5 5 12.2 2 (40.0)

Contaminated® 1 2.5 3 7.3 1(33.3)
No milk sample collected 6 15.0 4 9.8 (0.0)

!Cows received blanket dry cow therapy and internal teat sealants(n = 244); 2Cows received
selective dry cow therapy and internal teat sealants(n = 222); *Number and percentage of cows
that did not receive long-acting antimicrobials (no AM) at drying off; “Three or less cfu/mL;
SThree or more 3 phenotypically different colony types (with the exception of non-aureus
staphylococci, see section Materials and Methods) were observed.
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the BDCT group (n = 244) (Table[5.2). Gram-negatives were by far the most common
pathogens to cause CM (Table [5.2).

In the SDCT group, one cow suffered from CM caused by Staphylococcus aureus
35 d before calving, while another cow had CM 2 days before calving (unknown cause
due to non-sampling by the farmer). For the other 39 cows, CM was observed within
the first 100 DIM at a median DIM of 20. Eleven out of the 41 cows (26.8%) did
not receive antimicrobials at drying off, among them the cow that suffered from S.
aureus CM during the dry period. Besides, 30 out of 147 cows (20.4%) that received
antimicrobials and 11 out of 75 (14.7%) that did not receive antimicrobials at drying

off, developed CM after drying off (ratio of 1.4).

In the BDCT group, 40 cows suffered from CM at a median DIM of 38.5. If the
algorithm would have been applied to selectively drying off these cows (which it was
not), seven cows (17.5%) would not have received antimicrobials at drying off.

Culling Hazard. The hazard of culling was numerically higher in cows that re-

ceived BDCT than cows in the SDCT group, although the difference was not signif-
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Figure 5.2: Kaplan-Meier graph showing the association between the treatment group
[selective dry cow therapy (SDCT) versus blanked dry cow therapy (BDCT), always
in conjuction with internal teat sealants] and the clinical mastitis hazard from time of
drying off until 100 DIM in the subsequent lactation. The vertical grey line represents
the average dry period length (46 d) of the 466 cows in the study.
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Figure 5.3: Kaplan-Meier graph showing the association between the treatment group
[selective dry cow therapy (SDCT) versus blanked dry cow therapy (BDCT), always
in conjuction with internal teat sealants], and the culling hazard from time of drying
off until 100 DIM in the subsequent lactation. The vertical grey line represents the
average dry period length (46 d) of the 466 cows in the study.

icant (P = 0.21) (Table [5.1] and Figure [5.3). Due to non-convergence, herd had to be
omitted as a random effect from the model. In total, 32 cows were culled from time
of drying off till 100 DIM in the subsequent lactation, of which 19 cows (8.6%) in the
SDCT group (n =222) and 13 cows (5.3%) in the BDCT group (n = 244).

In the SDCT group, three cows were culled during the dry period due to lameness
(n = 1), non-pregnancy (n = 1) and abortion (n = 1). The other 16 cows were culled at
a medium DIM of 53, of which six (37.5%) were culled due to udder health problems
at a medium DIM of 62.5. All cows had received antimicrobials at drying off, with
exception of one cow that was culled because of a non-udder health related reason. In
the BDCT (n = 244), one cow was culled after she aborted. Twelve cows were culled
after calving at a medium DIM of 41.5, of which four cows (33.3%) were culled due
to udder health problems at a medium DIM of 79.5. Hypothetically, all but one cow
that would be selectively dried-off when following the algorithm and later culled due

to non-udder related problems, would have received antimicrobials at drying off.

Performance after Calving
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Table 5.4: Final mixed regression models describing the associations between the
treatment group (BDCT versus SDCT'") and udder health antimicrobial use? after
drying off until 100 DIM

Predictor variables n cows 33 SE LSM P-value!
Intercept 0.75 0.03
Treatment group <0.01
BDCT 244 Referent 0.75
SDCT 222 -0.21  0.03 0.54

ICows were either allocated to the blanked dry cow therapy (BDCT) or selective dry cow
therapy (SDCT) treatment group at drying off, yet always received internal teat sealants; >To
normalize the data a base-10 logarithmic transformation of the ‘defined daily dose
animal +1° was performed; *Regression coefficient; *Overall P-value of the fixed
effect.

Test-day SCC and milk yield. After calving, 1,153 milk records of 451 cows were
available. Test-day LnSCC and milk yield were significantly associated with DIM
(P < 0.01), DIM? (P < 0.01), but not with the treatment group. Cows that were se-
lectively dried-off had numerically higher test-day SCC and milk yield (least square
means of 3.60 and 39.3, respectively) in subsequent lactation than cows that received
BDCT (least square means of 3.56 and 38.6, respectively), but the differences were not
significant (P = 0.71 and P = 0.29, respectively). Test-day milk yield decreased with
an increasing LnSCC (P < 0.01) (Table[5.3)

Total Antimicrobial Use for Udder Health. From time of drying off until 100
DIM, cows in the SDCT group received significantly less antimicrobials (in DDDA)
in relation to udder health than cows in the BDCT group (P < 0.01) (Table [5.4). In
all twelve herds most cows in the BDCT group were administered between 4 to 7
DDDA. The proportion of cows in the SDCT group that received < 4 DDDA, on the
other hand, varied between 6.3 and 65.2%. In 3 herds, more than 50% of the SDCT
cows were administered < 4 DDDA. Overall, about a third (31.1%) of the cows in
the SDCT group received less than 4 DDDA whereas this was, as this was obviously
0.0% for the cows within the BDCT group. In five herds (herds 2, 5, 6, 7 and 8), the
proportion of cows exceeding the 7 DDDA threshold was higher (ranging between 2.4
and 36.8%) in the SDCT group when compared to the BDCT group, while in six herds

(herds 1, 4,9, 10, 11 and 12) a lower proportion was noticed (ranging between 2.2 and
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17.6%), leaving one herd that never administered 7 or more DDDA to any cow (Table
5.6). Producers administered most antimicrobials as dry cow therapy in both the SDCT
group and in the BDCT group (69.5 and 84.6%, respectively), while CM treatments
accounted for the remaining 30.5 and 15.4% respectively (Figure [5.5). In only three
herds, a total of seven cows received additional systemic antimicrobials at drying off,

all being part of the herd’s BDCT group.

5.5 Discussion

The aim of this randomized clinical trial was to evaluate the implementation of SDCT
in conventional herds using a predefined algorithm based on BMSCC, milk recording
data and CM history before drying off to select cows to be treated with long-acting
antimicrobials or not. Cows were randomly divided into two groups based on ear tag
number within herds, allowing for a good estimation of the impact of shifting from
BDCT to SDCT under the same herd management. The algorithm that was used to
differentiate minor pathogen infected and noninfected cow, which can be left without
antimicrobials, from major pathogen infected cows, that are in need of long-acting
antimicrobials, with great certainty. For those reasons (1) only herds with a good udder
health were enrolled, defined as a geometric BMSCC during 6 months before drying
off < 250,000 cells/mL; (2) all cows receive internal teat sealants at drying off; (3)
cows suffering from CM between the last DHI record and time of drying off the cow
were considered major pathogen infected and in need of antimicrobial treatment; (4)
the three last SCC before drying off, obtained via DHI recording, were included and
the SCC thresholds were chosen as a function of the highest estimates of NPV (Lipkens
et al., 2019). Doing so, a significant reduction of overall antimicrobial use for udder
health was obtained when cows were selectively dried-off, yet without jeopardizing
CM risk, culling hazard, test-day SCC and MY.

The NPV of the applied algorithm was 85%, which is in the range presented by
Lipkens et al. (2019), 9 out of 61 noninfected/minor pathogen infected cows were
actually major pathogen infected at drying off [i.e., Staphylococcus aureus (n = 1),
Gram-negative (n = 1), Gram-negative and Streptococcus dysgalactiae (n = 1), Strep-

tococcus uberis (n = 3), other esculin positive streptococci than Streptococcus uberis
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Table 5.5: Strata of total antimicrobial use for udder health (in DDDA!) between
drying off and 100 DIM, for the treatment group (BDCT versus SDCT?) within herds

<4 DDDA 4 -7 DDDA 7 DDDA
Herd-treatment group Cows,n % Cows,n % Cows, n %
1 - BDCT 0 0.0 28 96.6 1 34
1 - SDCT 6 31.6 9 474 4 21.1
2 - BDCT 0 0.0 13 68.4 6 31.6
2 - SDCT 2 9.1 16 72.7 4 18.2
3 - BDCT 0 0.0 9 100 0 0.0
3-SDCT 2 18.2 9 81.8 0 0.0
4 - BDCT 0 0.0 26 96.3 1 3.7
4 - SDCT 15 56.2 6 26.1 2 8.7
5 - BDCT 0 0.0 23 95.8 1 4.2
5-SDCT 4 23.5 13 76.5 0 0.0
6 - BDCT 0 0.0 16 94.1 1 5.9
6 - SDCT 10 52.6 9 474 0 0.0
7 - BDCT 0 0.0 15 83.3 3 16.7
7-SDCT 6 429 6 429 2 14.3
8 - BDCT 0 0.0 12 63.2 7 36.8
8 - SDCT 2 18.2 9 81.8 0 0.0
9 - BDCT 0 0.0 31 88.6 4 11.4
9 - SDCT 7 20.6 20 58.8 7 20.6
10 - BDCT 0 0.0 13 92.9 1 7.1
10 - SDCT 1 6.3 13 81.3 2 12.5
11 - BDCT 0 0.0 16 88.9 2 11.1
11-SDCT 8 53.3 5 333 2 13.3
12 - BDCT 0 0.0 13 86.7 2 13.3
12 - SDCT 6 28.6 9 42.9 6 28.6
Overall BDCT 0 0.0 215 88.1 29 11.9 Overall SDCT 69
31.1 124 55.9 29 13.1

IDefined daily dose animal;
2Cows were either allocated to the blanket dry cow therapy (BDCT) group (n = 244) or
selective dry cow therapy (SDCT) group (n = 222), yet always received internal teat sealants.
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(n = 3)] were falsely identified as noninfected. Still, the geometric mean SCC of those
9 cows at the third last, second last and last DHI record before drying off ranged be-
tween 32,000 and 39,000 cells/mL, while the SCC of none of these cows ever exceeded
125,000 cells/mL at any DHI record. This implies that either a subclinical infection
occurred in between the last DHI record and drying off or the cow raised no inflam-
matory response to the presence of the bacteria. Despite the fact that these cows did
not receive antimicrobials at drying off, only 2 out of the 9 cows suffered from a CM
in early lactation. One cow was infected with an E. coli at 59 DIM, that likely per-
sisted during dry period as also E. coli was found at drying off. The other cow, on the
contrary, was infected with Staphylococcus aureus at drying off and contracted a new

yeast infection at 69 DIM.

A PPV of 16.5% was observed, implying there is still a huge overuse of long-acting
antimicrobials, and based on previous research (Lipkens et al., 2019), especially heifers
in so-called high prevalence herds are likely to be falsely diagnosed as major pathogen
infected. Herds that can decrease their BMSCC to some extent (becoming so-called
low prevalence herds), will increase the PPV with about 20 and 4% for heifers and
cows, respectively, as the threshold to define a cow major pathogen infected increases
from 50,000 to 150,000 cells/mL (Lipkens et al., 2019). Besides, the approach of
only treating major pathogen infected cows, and thus aiming at leaving noninfected as
well as minor pathogen infected cows untreated, is rather uncommon, yet comes with
a substantial additional decrease in antimicrobial use. In Norway, a country that is
known for its prudent antimicrobial use, only treating major pathogen infected cows at
drying off has been recommended for many years and comes with overall good udder
health results (@steras et al., 2009). Most studies, however, include any IMI, thus
including the ones caused by minor pathogens, as reason for applying antimicrobial
treatment (e.g., Cameron et al., 2015; Rajala-Schultz et al., 2018; Vasquez et al., 2018).
Our study follows the Norwegian guidelines yet protects the udder health as much as
possible by use of an algorithm coming with the highest NPV to detect noninfected
and minor pathogen infected cows with great certainty, and by aiming at treating the
bacteria known to harm the udder health (i.e., major pathogens). Moreover, only easy-
accessible data that are typically available on farm were used (i.e., DHI and BMSCC

data), making the algorithm presented easy to be used and fine-tuned, for instance to
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increase PPV.

The risk of CM risk and culling hazard after drying off was numerically yet not
significantly higher with 15 and 57%, respectively, if cows were selectively dried-off
instead of using BDCT. This is in agreement with the results reported by Cameron et
al. (2015) and Vasquez et al. (2018). Scherpenzeel et al. (2014) who enrolled 97
commercial dairy herds in a large field study reported significant differences between
treated and untreated quarters, which is at least partially driven by the larger sample
size. Of course, this also can be due to the fact that no teat sealant was applied, besides
the different selection criteria to leave cows untreated. In the SDCT group, about 75%
of the cows developing CM received antimicrobials at drying off as they were con-
sidered infected at that time, probably because they already experienced udder health

problems in previous lactation.

About a third of all cullings were associated with CM and high SCC, which was
higher than the 21.2% reported for heifers (De Vliegher et al., 2005). In the SDCT
group, the cows culled because of udder-related reasons were already considered in-
fected at drying off by the algorithm, suggesting that these cows already struggled with
udder health in the previous lactation. Actually, with exception of one cow, the cows
that were culled for other reasons (e.g., lameness, age, fertility problems), also were
considered infected at drying off by the algorithm. The average geometric SCC of
the last three DHI records before drying off of the culled cows was 328,000 cells/mL,
while an average of only 141,000 cells/mL was calculated for the non-culled cows.
This supports the findings of @steras et al. (1999), who stated that cows with high ge-
ometric mean of SCC in the last three tests before drying off are very unlikely to cure
from the major infection at drying off, even when receiving antimicrobials at drying

off, and already predicted a higher risk of culling in early lactation.

The SCC but also the MY were slightly but not significantly higher in the SDCT
group than in the BDCT group, as was reported by Rajala-Schultz et al. (2011) and
Vasquez et al. (2018). This elevation in SCC is probably partially linked to subclin-
ical mastitis that were not cured during the dry period, as well as the higher (but not
significantly higher) incidence of CM in the ensuing lactation. We hypothesize that,
as CM occurred about 20d earlier in the SDCT group than in the BDCT group, and

as CM is an important reason to cull cows, these often low-producing cows were no
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longer contributing to the dataset, explaining at least to some extent the higher MY in
the SDCT group.

Of course, SDCT will only become successful if in addition to maintaining a good
udder health and milk yield, a substantial reduction of the total antimicrobial use for
udder health is being accomplished. This implies that the amount of antimicrobials
used for treating extra cases of mastitis in the next lactation, possibly as a consequence
of not using antimicrobials during the dry period, does not outweigh the accomplished
reduction of antimicrobials at drying off, as was also reported by Scherpenzeel et al.
(2014) and Vasquez et al. (2018). In all twelve herds between 63.2 and 100% of the
cows in the BDCT group were administered between 4 to 7 DDDA (Table 6). Still,
in six herds, the proportion of cows that was administered over 7 DDDA, was higher
in the SDCT than the BDCT group, albeit 72.2% of these cows was considered major
pathogen infected at drying off and therefore received antimicrobials at drying off.

This study is the first to combine few requirements that were found to be success-
ful in other studies (hence herd’s BMSCC, individual low SCC and CM history), while
keeping the execution simple and cheap, and therefore easy-to-implement in a com-
mercial dairy herd. Doing so, SDCT only has a small impact on udder health, milk
yield and culling hazard in herds, probably inflicting smaller financial losses than the
economic profits as a result of lowering the antimicrobial usage, especially in herds

with a low prevalence of subclinical mastitis.

5.6 Conclusion

Using an algorithm based on the last three test-day SCC and CM history, SDCT was
applied in commercial dairy herds with an overall good udder health. Depending on
the herd, between 6.2 and 73.9% of the cows in the herd only received an internal teat
sealant at drying off, averaging at 33.8%. When compared to a control group of cows
that received BDCT and internal teat sealant within each herd, no negative impact
of SDCT on udder health, milk yield and culling was observed, whilst a significant
reduction in total antimicrobial use for udder health was achieved. This study shows
that SDCT in commercial Flemish herds should be considered to meet the demands of

reducing the antimicrobial use in the animal husbandry.
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6.1 Main Findings

The general aims of this thesis were to develop a tool to implement selective dry cow
therapy (SDCT) in commercial dairy herds and quantify the consequences of the tran-
sition. We first studied the infection dynamics across the dry period in a random sam-
ple of Flemish dairy herds, that systemically administer long-acting antimicrobials at
drying off [(i.e., blanket dry cow therapy (BDCT)], to gain insight in the impact on
the performance in next lactation (Chapter 3) and to set a baseline before withhold-
ing antimicrobials from certain cows. Then, we evaluated (different combinations of)
test-day somatic cell counting (SCC) prior to drying off, also in combination with dif-
ferential somatic cell counting (DSCC) (Chapter 4), to diagnose the absence of a major
pathogen infection. The most optimal SCC thresholds focused on a maximal protec-
tion of udder health [(i.e., high negative predictive values (NPV)], which were adapted
to herd-level and cow-level variables, and formed the base of the SDCT algorithm, that
was applied and evaluated in a clinical field trial (Chapter 5). The main findings of this

thesis were:

e Blanket dry cow therapy is no guarantee for an infection-free dry period, nor
can it guarantee the cure of infected cows, as 12.5% of the noninfected cows at
drying off acquired an infection across the dry period and only 66.9% of the in-
fected cows at drying off cured from an existing infection at drying off (Chapter

3);
e Good udder health management during lactation and dry period is rewarding as:

— Healthy cows (i.e., cows that remained noninfected across the dry period),
outperformed the cows that were infected either at drying and/or in early
lactation, when looking at SCC, clinical mastitis (CM) and culling hazard

in subsequent lactation (Chapter 3);

— The lowest test-day SCC in the remainder of the lactation was observed for

healthy cows that remained low in SCC at second test-day (Chapter 3);

e Somatic cell count information derived via Dairy Herd Improvement (DHI) record-
ing is capable of predicting the absence of intramammary infection with major

pathogens at drying off, yet (an estimate of) the herd prevalence of subclinical
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mastitis, the cow’s milk yield and parity impact the estimates of the test charac-

teristics and predictive values to some extent (Chapter 4.1);

e Differential cell count in combination with SCC information was able to cor-
rectly identify more major pathogen infected cows than SCC alone, yet did not

impact the predictive values (Chapter 4.2);

e Applying the SDCT algorithm, based on test-day SCC as determined in Chapter
4.1 and CM history, between 26.1 and 93.8% of the cows in the herds were left
without long-acting antimicrobials at drying off, averaging at 66.2% (Chapter
S).

e When applying SDCT instead of BDCT, no significant impact on CM and culling
hazard, test-day milk yield and SCC in the subsequent lactation was observed
while a significant reduction was achieved in antimicrobial use for udder health

(Chapter 5).

6.2 Framework

The introduction of the use of antimicrobials in food-producing animals decades ago
has significantly contributed to animal health, production and well-being over the
years. Unfortunately, the use and misuse of antimicrobials has driven towards a con-
cerning development of antimicrobial resistance (Bronzwaer et al., 2002; Oliver et al.,
2011; Chantziaras et al., 2014), posing one of the biggest threats to global health, food
security, and development today according to the World Health Organization (WHO,
2018) and Food and Agriculture Organization of the United Nations (FAO, 2016).
Therefore, the call for prudent antimicrobial use in human and animal health is grow-
ing, as the antimicrobial use is a key contributor to antimicrobial resistance. Of course,
the different animal health sectors have their own challenges and opportunities, and
sector-specific auto-regulation guidelines have been developed for some sectors and
should be developed for all industries to reduce the (over)use of antimicrobials with-
out harming animal welfare and producers’ financial health.

In this thesis we focus on the dairy cow, and more specifically its dry period, as this

period is highly challenging for udder health and responsible for about a third of the
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antimicrobial use in an average dairy herd (Stevens et al., 2016). Blanket dry cow ther-
apy has been recommended for half a century, in order to reduce the risk of acquisition
of new intramammary infections (IMI) and increasing the chances of curing from an
existing IMI during the dry period (Halasa et al., 2009b). A large amount of studies
have reported the beneficial use of BDCT over no dry cow treatment (e.g., Bratlie et
al., 1973; Rindsig et al., 1978; Eberhart et al., 1986; Huijps and Hogeveen, 2009).
Indeed, historically, BDCT has played an important role in reducing the prevalence
of Streptococcus agalactiae and Staphylococcus aureus, by improving the cure rate
of these contagious infections across the dry period (Erskine, 2018). Yet, this prac-
tice needs to be reconsidered, because (1) many cows start the dry period noninfected
making BDCT merely a prophylactic practice that is no longer accepted (World Health
Organization, 2017b), and (2) alternatives to prevent new infections occurring during
the dry period have become available. In this thesis we aimed at paving the road for the
introduction of selectively administering antimicrobials only to cows that are in need
of antimicrobial treatment (i.e., that are major pathogen infected), called selective dry
cow therapy (SDCT), which is a promising approach to meet the demands of society
to reduce antimicrobial usage in dairy herds, while protecting animal health and the

financial income of the producers.

6.3 Antimicrobial Use in Europe and Belgium

The Commission Notice (2015/C 299/04) published by the European Union calls on al-
ternative measures regarding BDCT. The Nordic countries are known for their prudent
use of antimicrobials, earning them a place amongst the low-consumers in Europe in
human (Figure and veterinary medicine (Figure 1.6, General Introduction). They
only dry-off, depending on the country, between 1 and 30% of the cows with long-
acting antimicrobials whilst at least maintaining udder health (Ekman et al., 2003;
personal communications). For instance in Norway, the decision to actively reduce the
use of antibiotics in the animal husbandry was already made in 1996, and in the same
year national recommendations on the treatment of mastitis were implemented. This
lead to a decrease in antimicrobial use of 25% (@steras et al., 2009; Figure while
also reducing the BMSCC (Figurg6.3). Furthermore, dry cow therapy is only recom-
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mended for major pathogen infected cows at drying off (@steras and Sglvergd, 2009),
more specifically Staphylococcus aureus and Streptococcus dysgalactiae, Streptococ-
cus agalactiae and Streptococcus uberis, resulting nowadays in only 1 to 2% of the
cows that receive long-acting antimicrobials at drying off (personal communications).
In many other European countries, however, BDCT is the norm and has been used to
safeguard udder health, and producers hesitate to apply SDCT. Therefore, the Dutch
authorities banned the preventive use of antimicrobials by law in 2012, consequently

imposing the practice of selectively drying off cows.

So far, in Belgium, SDCT is still the exception rather than the rule, despite the
recommendations of the Centre of Knowledge on Antimicrobial Use and Resistance
in Animals (AMCRA, Brussels, Belgium) and Milk Control Center (MCC Flanders,
Lier, Belgium). This is probably due to the fact that BDCT has not been restricted in
any way, but also because the consequences of the application of SDCT were unclear.
In 2016, first concrete steps towards more prudent use of antimicrobials were taken,
via the publication of a Royal Decree (C - 2016/24152; Koninklijk besluit, 2016) that
restricted the use of the 3" and 4" generation cephalosporins and the fluoroquinolones
in veterinary medicine, albeit intramammary use has not been restricted in any way.
One year later, mandatory recording of antimicrobial use in pig, poultry and veal herds
in the new data collection system ‘SANITEL-MED’ was set out. This way, a better
analysis of trends over time and a comparison between antimicrobial use in differ-
ent food producing animals in Belgium becomes possible. For now, intramammary
tubes containing for human health critical important antimicrobials are not included
in the aforementioned legislation, and monitoring of antimicrobial use in ruminants
in ‘SANITEL-MED’ is not mandatory. However, from October 2018 onwards, IKM
Flanders (Integrale Kwaliteitszorg Melk Vlaanderen; IKM, 2018), an organization that
safeguards good agricultural practices in Flanders, demands IKM-certified dairy herds
to register all antimicrobials used in their herds. Veterinarians that provide antimicro-
bials to these herds have to enter the used and delivered antimicrobials in the data col-
lection system ‘AB Register’. As almost all dairy herds in Flanders are IKM-certified,
it will become possible to get insight in the use of antimicrobials in the dairy sector

within the next few years.
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Importantly, caution is urged when comparing antimicrobial use between coun-
tries, regions and studies, as no universal consensus is made about the data sources
to be used, technical unit of antimicrobial usage measurement, calculation method of
estimating the population at risk of being treated, period at risk of being treated and
appropriate indicator of antimicrobial usage (corresponding to the before mentioned
recommended units) (Collineau et al., 2017; AACTING, 2018). The way of report-
ing results also highly impacts the interpretation of the results. For example, in 2005,
the total amount of antimicrobials sold in France was 1.7 times higher in veterinary
medicine (1,320 tons) than in human medicine (760 tons). Yet, when expressed in mg
per kg live weight, the use in human populations more than doubled the use in veteri-
nary populations with corresponding 199 and 84 mg/kg, respectively (Moulin et al.,
2008).

6.4 Candidate Herds for Implementation of Selective

Dry Cow Therapy

Selective dry cow therapy is more than just withholding antimicrobials at drying off
from noninfected (or minor pathogen infected) cows. Certain conditions need to be
met to be considered a good candidate herd to implement SDCT: (1) the producers and
veterinarians should have a positive attitude towards prudent use of antimicrobials; (2)
the herds should follow an optimal dry cow protocol to safeguard the cow’s wellbeing
during the dry period; (3) the herds should be free from Streptococcus agalactiae; (4)
the herds should have an adequate mastitis management as reflected by a BMSCC
below 250,000 cells/mL during several months and; (5) the herds should routinely

monitor udder health at cow-level.

6.4.1 Positive attitude towards SDCT

The idea of only administering antimicrobials to (likely) infected cows at drying off
resonates better in certain countries, regardless of the guidelines and legislation. En-
rolling herds in the study described in Chapter 5 to apply SDCT was challenging as

producers believe BDCT is necessary to maintain udder health whereas in Germany, up
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to 80% of the farmers already apply SDCT on a voluntary base (Bertulat et al., 2015).
Veterinarians play a major role in guiding producers towards SDCT, yet are hesitant
as well. Dutch veterinarians indicated they progressively promoted SDCT with the
release of the national guidelines (Royal Dutch Society for Veterinary Medicine; KN-
MvD, 2013) to apply SDCT (Scherpenzeel et al., 2018), and the algorithm developed
as a result of this thesis as well as the favorable outcomes of the implementation of
SDCT under Flemish conditions (Chapter 5) might encourage Belgian veterinarians to
do the same.

Besides the willingness to apply SDCT, herds with an exceptional unavoidable risk
period due to personal issues impacting the farm management, new building, instal-
lation of a robotic milking system, etc. are advised to delay the shift from BDCT to

SDCT till returning back to a normal routine (Bradley et al., 2018).

6.4.2 Optimal Dry Cow Protocol
Protocol of Administration of Internal Teat Sealants and Dry Cow Tubes.
It has been long known that the act of dry-

ing off cows is not without risk for the ud-

der health, as new pathogens can be intro-

duced into the mammary gland and cause 3
B

an IMI, especially in case only teat sealants acteria

are administered thus in the absence of the . .

protection exerted by antimicrobials. Gen-
eral good practices include proper storing

of the dry cow tubes and teat sealants in
Figure 6.4: Partial insertion of the tube

a clean and dry environment at room tem- (A) instead of full insertion (B and C)

perature (15-20°C). Ideally, a new pair of Mminimizes the risk of entering bacteria
into the udder (adapted from Philpot and
gloves should be used for drying off of Nickerson, 1991).

each cow.
Following a cow-side protocol that is based on general recommendations of man-
ufacturers will ensure good application of long-acting antimicrobials and internal teat

sealants:
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1. After milking, remove remaining milk manually from the udder;
2. Clean and dry teats thoroughly with a paper towel;
3. Disinfect teat end thoroughly;

4. Administer dry cow treatment to a quarter:

(a) Remove the cap from the dry cow tube, keep the nozzle sterile;

(b) Partially enter the tube in the teat canal (Figure [6.4)), insert the whole con-

tent of the tube;

(c) When administering an antimicrobial containing tube, insert the whole con-
tent of the tube and massage the treatment up into each quarter. When ad-
ministering an internal teat sealant, pinch the teat where it joins the base
of the udder, then insert the whole content of the tube. This time, do not
massage the content upwards. In case of administering both tubes, first
administer the antimicrobial containing tube, then the internal teat sealant

with disinfection in between;

(d) Repeat step 4 for all quarters. Alternatively, disinfect the farthest teats
before the nearest teat to avoid accidental contamination of previously dis-
infected teats. Then administer the dry cow treatment in reversed order of

disinfection.

5. Apply post-milking disinfectant on each teat, covering at least three-fourth of

the teat;

6. Make sure the cow remains standing for 30 minutes so teat-ends can close before

lying down.

Choice of Antimicrobial Drug

There are numerous dry cow tubes available in Belgium that contain one or more
long-acting antimicrobials belonging to the penicillin, cephalosporin, aminoglycoside
or ansamycin antibiotic groups. The most optimal dry cow tube should be selected
based on the herd flora and antimicrobial resistance pattern of the herd-specific masti-

tis pathogens. Long-term use of a certain tube can induce resistance against its active
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substance (e.g. Schultze, 1983). For example in Finland, the wide use of intramam-
mary antimicrobials mostly containing penicillins most likely caused the emergence
of penicillin resistance (Pitkild et al., 2004). In Denmark, nowadays only 2 dry cow
tubes are available (one contains 1st generation cephalosporins and one penicillin) and
therefore IMI pathogens should be closely monitored. Thus, culturing of milk samples
collected from cows with CM at regular base provides the necessary information to

verify whether the selected dry cow tube is still the best choice for the herd.

6.4.3 Absence of Streptococcus agalactiae

Streptococcus (S.) agalactiae is a highly contagious pathogen of the bovine mammary
gland, that generally does not survive for long periods outside of it (Keefe, 2012). As
a major pathogen, it greatly affects milk quality, milk yield, and SCC. Although S.
agalactiae is rarely diagnosed to be the causative pathogen of CM in Belgian herds
(only 0.5% of all CM cases was attributed to this pathogen; MCC Flanders, 2017)
and was never diagnosed in the field studies included in this thesis (Chapter 4 and
5), it is a reemerging pathogen of dairy cattle in parts of Europe. Especially northern
countries such as Denmark, Sweden and Norway have been reporting an increasing
prevalence of S. agalactiae since the beginning of this century (Katholm et al., 2012),
which can partly be explained by the changes in farm management as a consequence
of the increasing average herd size and the introduction of automated milking systems
(Ulrike et al., 2016). Moreover, recently, environmental reservoirs have been found for
these generally believed obligate intramammary pathogens, which also might play a
role in their reemergence (Jgrgensen et al., 2016; Svennesen et al., 2018). This should
also be closely monitored in Belgium. Additionally, as the cure rate of S. agalactiae
is higher during the dry period than during lactation (Keefe, 2012), decreasing the use
of antimicrobial dry cow therapy might increase the prevalence, making preventive
measures like one paper towel per cow for premilking cleaning of utmost importance.
One could therefore consider monitoring the presence of this pathogen in the herd by
screening of the bulk milk at a regular base, and in case of confirmed presence of
S. agalactiae in the herd, BDCT is recommended till eradication. Despite the threat,
presence of S. agalactiae in the herd was not (but should have been) an exclusion

criteria in our SDCT implementation study (Chapter 5). Yet, as mentioned, we did not



GENERAL DISCUSSION 153

come across this pathogen in any of our studies.

6.4.4 Adequate Udder Health Management

Management is key to maximize the cow’s potential and protect its welfare. Bulk milk
SCC not only reflects the subclinical mastitis prevalence in the herd but also to some
extent the producers’ skills to control mastitis (Schukken et al., 1992; Barkema et al.,
1998). A better estimation of the udder health management would have been possible
if we would have had access to CM data, but unfortunately only half of the producers
record CM cases in their herds (Passchyn et al., 2016). As part of the mandatory
milk quality system, geometric mean BMSCC is monthly calculated and the regulatory
limit is set at 400,000 cells/mL, penalizing the producer if this threshold is exceeded.
Yet, herds with an overall good udder health management should be able to achieve
BMSCC below 250,000 cells/mL (Schukken et al., 1992). This explains why other
studies that applied and evaluated SDCT, also only included herds with a BMSCC
below 250,000 cells/mL (Cameron et al., 2015; Kabera et al., 2019).

To illustrate the importance of management to some extent, we compared the new
and cured IMI rates across the dry period of herds enrolled in Chapter 3 (random
sample of Flemish dairy herds, all applied BDCT and some administered internal
teat sealants) and Chapter 5 [non-random sample of low BMSCC herds, all applied
BDCT and administered internal teat sealants (only including cows that were part of
the BDCT group), and took an interest in SDCT]. Individual composite SCC data
were obtained via 4- to 6-weekly DHI recordings of the cooperative cattle improve-
ment organization (CRYV, Sint-Denijs-Westrem, Belgium) and cows were assumed to
be infected in case the SCC exceeded a 200,000 cells/mL threshold (e.g., Dohoo and
Leslie, 1991; Schepers et al., 1997). By combining the test-day SCC at the last DHI
recording before drying off and SCC at the first DHI recording post-calving, the new
IMI and cured IMI rate was calculated. In Chapter 3, at the time of the study, the BM-
SCC in Flemish dairy herds averaged at 215,000 cells/mL (MCC Flanders, 2013). We
observed that in the randomly selected Flemish dairy herds, 12.6% of the noninfected
cows at drying off still contracted a new IMI during the dry period, and only 66.9%
of the infected cows at drying off cured from an existing IMI during the dry period, in

spite of the use of BDCT. This implies that antimicrobials alone are no guarantee for
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an infection-free dry period and other preventive measures are necessary. In Chapter
5, only herds with a geometric mean BMSCC over a six month period below 250,000
cells/mL were included, averaging at 175,000 cells/mL at the start of the SDCT imple-
mentation study, and all herds administered internal teat sealants in adjunct of BDCT
at drying off. Compared to the herds in Chapter 3, we expected a lower new IMI rate
(e.g., better preventive measures) and higher cured IMI rate (e.g., less chronically in-
fected cows). Indeed, the new IMI rate slightly decreased from 12.6 to 11.1% while
the cured IMI rate increased from 66.9 to 82.1% (unpublished data).

In general, a range of quarter- and cow-level risk factors for acquiring new IMI
have been reported (e.g., Dingwell et al., 2004; Leelahapongsathon et al., 2016; van
Hoeij, 2018), while an adequate immune response is necessary to overcome infections
and management should aim for overall healthy cows in good condition at drying off
to avoid problems. As immunity is generally impaired in late gestation, boosting the
cow’s immunity can be helpful to overcome existing infections or prevent new ones
from causing any damage. Depending on the causative pathogens of mastitis in the
herd, some herds might benefit from vaccination. For mastitis, there are two vaccines
available that target Streptococcus uberis infections (UBAC®, HIPRA, Amer, Spain),
which only will be protective starting from early lactation, and Escherichia coli and
Staphylococcus aureus infections (STARTVAC®, HIPRA, Amer, Spain), which par-
tially covers the dry period as well. Importantly, vaccinations aim at reducing the
severity of (sub)clinical mastitis and therefore not necessarily reduce the incidence of
new IMI. Other available products that aim to boost the immunity in early lactation are
for instance pegbovigrastim (Imrestor®, Eli Lilly Benelux NV., Brussels, Belgium)
and monensin (Kexxtone®, Cuxhaven, Germany) (Canning et al., 2017; Duffield et

al., 2008).

6.4.5 Monitoring Individual Udder Health

Milk recording is crucial in a dairy herd, not only to select cows that can remain un-
treated at drying off but also to monitor udder health of the individual cow during
lactation. The fact that only half of the Belgian dairy herds participate in DHI record-
ing remains a major hurdle for implementing SDCT, albeit an onwards trend to enroll

has been reported during the past decennia (CRV, 2017). As well, alternative routes to
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collect the required data are being developed, for instance via robotic milking, which
will become promising tools in the near future, but are outside the scope of this thesis

and therefore the data generated by such systems have not been validated.

6.5 Candidate Cows to Dry-Off without Antimicrobials

In order to optimally reduce the consumption of antimicrobials in the herd, case-by-
case selection of cows that can be left without antimicrobials defines SDCT. Besides
the infection status at drying off other risk factors prior to drying off known for their
impact on the success of SDCT have been identified. Consequently, most researchers
include some requirements for the cow to be left without antimicrobials. In general,
noninfected cows are good candidates to be left without antimicrobials, when well
prepared to be dried off. At the same time, if the cow is infected with a major pathogen,

it should be likely to respond to treatment to ensure prudent use.

6.5.1 Noninfected at Drying Off
Defining a Cow as Noninfected at Drying Off

There is a large volume of literature in which IMI/mastitis was attempted to be defined
for different purposes. As the inflammation of the udder is usually caused by invading
bacteria (Djabri et al., 2002; Ruegg, 2017), these terms are more or less synonyms
when talking about udder health. When selectively drying off cows, the goal is to only
administer antimicrobials to cows that are in need of antimicrobials. Therefore, it is
crucial to identify the cows that are infected with harmful bacteria and can be dried off
with antimicrobials, and those that are not infected with harmful bacteria, that should
be dried off without antimicrobials. The general agreement is that major pathogen
infected cows are in need of antimicrobial treatment, as these pathogens are known to
be virulent and damaging to the udder. As well, in case no pathogen is found in milk
samples collected from udder glands, the cow is considered noninfected. Yet, whether
so-called minor pathogens, are worth treating is disputed (Taponen and Pyorila, 2009;
Piepers et al., 2010; Supré et al., 2011).

In Chapter 4, we consciously combined the cows infected with Corynebacterium

spp. and non-aureus staphylococci (NAS) (50.1%), so-called minor pathogen, together



156 CHAPTER 6

with the noninfected cows (30.4%) in as the target group to be left without antimi-
crobials, representing a total of 80.5% of the cows. This goes against most studies
that merge minor pathogen infected cows with the major pathogen infected cows to be
treated with antimicrobials when applying SDCT (e.g., Cameron, 2015; Rajala-Schultz
et al., 2011; tho Seeth et al., 2017). Aiming at treating these minor pathogens would
not only increase the number of treated cows with about 50%, it also might kill organ-
isms that are of interest to maintain udder health. For example, Corynebacterium bovis
has been reported to be by far (i.e., >90%) the most isolated Corynebacterium spp.
(Gongalves et al., 2016), infecting 14.7% of the cows in our study (Chapter 4.1, Table
4.1.1). As a contagious microorganism, which previously has been described as a com-
mensal of the mammary gland (Brooks and Barnum, 1984) it only is of limited clinical
significance (Huxley et al., 2004). Moreover, Corynebacterium spp. infected quarters
are less likely to become infected with other more pathogenic organisms (Lam et al.,
1997; Blagitz et al., 2013). The NAS, on the contrary, consist of a heterogeneous group
of more than 50 species, with species-specific ecology, epidemiology and udder related
relevance. In Chapter 4, NAS were identified as the main cause of IMI at drying off
(20.4% of the cows), and we hypothesize that the most common species were Staphy-
lococcus chromogenes, Staphylococcus xylosus, and Staphylococcus cohnii, based on
research conducted on Flemish herds by (De Visscher et al., 2016), although a lot of
between-herd variation in prevalence of different species was reported. Indeed, some
species like Staphylococcus chromogenes have been associated with an elevated SCC
(Supré et al., 2011; Fry et al., 2014; De Visscher et al., 2016), but other researchers
reported that NAS IMI are positively associated with milk production (De Vliegher et
al., 2004; Piepers et al., 2010; Piepers et al., 2013). Research is ongoing to routinely

identify the different species and reveal their traits in that respect.

In addition to the possible positive effect of minor pathogens on udder health, the
concept of a mammary microbiota, which is challenging the general believe that a
healthy udder should be bacteria-free (Rainard, 2017) is gaining traction. As a conse-
quence, administering dry cow therapy has the potential to interact long-term with the
intramammary microbiota, risking a dysbacteriosis (Rainard, 2017) but also enhancing

development of antimicrobial resistance (Van Boeckel et al. 2015), which in turn can
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facilitate new IMI to be acquired and treatment failure, respectively. In conclusion,
good stewardship of antimicrobials, we believe, only aims at treating major pathogen

infected cows.

Gold Standard

Single milk sample bacterial culturing of all four quarters shortly before drying off or
at drying off has been the ‘gold standard’ method (i.e., a perfect test against which
other tests can evaluated) for the identification of IMI at drying off for many years
(e.g., Dingwell, 2004; Cameron et al., 2013; Vasquez et al., 2018). In Chapter 4, by
use of conventional bacterial culturing of quarter milk samples collected up to 5 days
prior to drying off, we reported that on good udder health herds (i.e., geometric mean
BMSCC over 6 months below 250,000 cells/mL) about a fifth of the dairy cows (19.5
and 17.3% in Chapter 4.1 and 5, respectively) was major pathogen infected in one or
more quarters at drying off.

However, the gold standard, which goes against its definition as gold standard, is
imperfect and execution and interpretation largely varies between studies. Dohoo et
al. (2011) evaluated different definitions of single quarter milk sample cultured by
comparison with triplicate quarter samples, which are often considered to be the gold
standard for testing quarters for IMI in general. For all minor and major pathogens
that were also found in Chapter 4.1 (Table 4.1.1), a very high specificity (i.e., > 95%,
when using a > 2 cfu/mL threshold, mixed growth was allowed) was reported. The
sensitivity, on the other hand, was somewhat lower, ranging from 56.2% for NAS to
86.8% for Staphylococcus aureus (when using a > 2 cfu/mL threshold, mixed growth
was allowed). Yet, when changing the definition of IMI, differences in sensitivities and
specificities were up to 59.0 and 24.9%, respectively (Dohoo et al., 2011). In this thesis
[i.e., using a 3 cfu/mL threshold for all bacteria according to (Pantoja et al., 2009)], we
can therefore assume that, when using single sample quarter milk samples, the number
of false positive cows was limited but the number of false negative cows was, of course
depending on the pathogen, substantial.

An alternative mastitis diagnostic tool is polymerase chain reaction (PCR), directly
on milk, which is more sensitive in detecting common udder pathogens (Koskinen

et al., 2010). Yet, clinical relevance of the results is disputable (Hiitio et al., 2015),
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and therefore conventional culturing was the preferred method to determine the in-
fection status at drying off (Chapter 4). To decrease the interpretation bias with con-
ventional culturing, in future studies, the matrix assisted laser desorption/ionization
time-of-flight (MALDI-TOF) analyzer is promising, but still needs fine-tuning such as
completing and validating a library that contains all bovine mammary pathogens.
There are well-known restrictions to the use of microbiological diagnostics, in-
cluding costs, training, materials, sampling, labor and time. Therefore, we aimed at
studying infection statuses of cows at drying off, using test-day information (Chapter

4).

Available Tests to Estimate Single Sample Bacteriological Culture Results

Use of Somatic Cell Counting. The majority of the milk somatic cells are cells that
are part of the natural defense mechanism and include polymorphonuclear neutrophils
(PMN), macrophages, and lymphocytes and some epithelial cells (Sordillo and Stre-
icher, 2002). Somatic cell counting can therefore be used as a reflection of the inflam-
matory response, which is in turn mostly caused by intramammary bacterial infection

as previously explained.
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Figure 6.5: Geometric mean cow SCC of noninfected cows throughout lactation
(Laevens et al., 1997).

In literature, many different SCC thresholds are reported to differentiate between
infected and noninfected cows, and each threshold has its ‘pros and cons’. The 200,000

cells/mL threshold has traditionally been used to diagnose subclinical mastitis caused
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by major pathogen infections (e.g., Madouasse, 2010; Laevens et al., 1997; Pantoja et
al., 2009). This threshold originates from research conducted by (Dohoo and Leslie,
1991), who reported a highest Se in combination with the highest Sp of approximately
85% at this threshold, to differentiate between major pathogen infected cows and non-
infected cows. This way, the diagnostic error of the test is minimalized. A more recent
study in Flemish herds, Jashari et al. ( 2016) also reported the highest Se (i.e., 65.1%)
en Sp (i.e., 73.0%) at the 200,000 cells/mL threshold although these test characteristics
were lower than observed by Dohoo and Leslie (1991) (i.e., 65.1% and 73.0%, respec-
tively). Remarkably, as reported by Dohoo and Leslie (1991), when merging the minor
pathogen infected cows with the noninfected cows to be differentiated from the major
pathogen infected cows, the Sp decreased to 59% at a 200,000 cells/mL threshold,
whilst the threshold with smallest diagnostic error was 250,000 cells/mL, providing a
first reason to challenge the 200,000 cells/mL threshold for SDCT. In our study (Chap-
ter 4.1), when calculating the test characteristics for composite SCC measured in com-
posite milk samples, the Sp also decreased when the minor pathogen infected cows
were merged with the noninfected cows. Interestingly, in these well-managed herds
(as required in both field studies), the threshold with the smallest diagnostic error was
150,000 cells/mL for both definitions (i.e., major pathogen infected cows versus non-
infected cows and major pathogen infected cows versus noninfected/minor pathogen

infected cows (Table [6.1] based on data collected for Chapter 4.1).

One could assume that the shorter the time between collecting the milk samples
for testing and the act of drying off, the better the estimation of the infection status
at drying off by use of the SCC test. On the other hand, as SCC are physiologically
increasing towards the end of the lactations, due to up-concentrating of somatic cells in
the milk with decreasing milk yields (Figure 6.5) (Laevens et al., 1997), it is likely that
lower Sp are observed compared to sampling during the lactation. When comparing
test characteristics and predictive values of SCC of composite milk sample collected
at maximally 5 days before drying off (SCC DO, Table with these collected at the
last DHI record before drying off (SCC DHI-1, Table[6.2), we observed a significantly
higher Se as expected, increasing with between 7, 9 and 12%, for the thresholds 50,000,
100,000 and 200,000 cells/mL, respectively. The improvements of Se and predictive

values overall were limited.
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In conclusion, we proceeded with test-day SCC to differentiate between likely ma-
jor pathogen and noninfected/minor pathogen infected cows at drying off, in order to
select an optimal SCC threshold to apply SDCT. Of course, there are certain criteria
that can influence the test characteristics and predictive values, like parity and preva-
lence of subclinical mastitis. The Dutch guidelines, launched by the Royal Dutch Vet-
erinary Association (KNMvD, 2013), recommend to only administer antimicrobials if
a heifer or multiparous cows exceeds a composite SCC of 150,000 and 50,000 cell-
s/mL, respectively, at the last test-day before drying off. As we aimed for the highest
NPV, we also took into account the geometric mean BMSCC over a six month period,
reflecting the likely herd prevalence of subclinical mastitis (low prevalence: < 157,000
cells/mL; high prevalence: > 157,000 cells/mL). Doing so, the highest NPV values
were observed when a cow was considered major pathogen infected in case a specific
SCC threshold was exceeded at least once at one of the last three DHI records. Then,
the highest NPV were observed at a threshold of 50,000 cells/mL for heifers and multi-
parous cows in so-called high prevalent herds, and a threshold of 150,000 cells/mL and
100,000 cells/mL for heifers and multiparous cows in so-called low prevalent herds.
These thresholds were therefore most promising to be used in a second field study
during which implementation and consequences of SDCT in Flemish dairy herds with

basic udder health management skills, was evaluated (Chapter 5).

Use of Differential Somatic Cell Counting. Recently, different applications dif-
ferentiating the SCC into three main cell populations, i.e., PMN, macrophages, and
lymphocytes and taking SCC to a next level have hit the market. When comparing
the proportion of these cells, a more detailed picture of the actual inflammatory sta-
tus of the mammary gland can be provided (Schwarz et al., 2011). Using differen-
tial cell counting (DSCC), it is possible to diagnose infections at an early stage, thus
before symptoms occur, but also diagnose subclinical infections that remain symp-
tomless (Schwarz et al., 2011). For instance, Animal Advanced Diagnostic launched
the QScout " Milk Leukocyt Differential test, offering farmers an on-farm diagnostic
test that provides a differential cell count of each quarter within minutes, facilitating
quarter-level treatment. This mastitis test seems especially interesting for large dairy
herds or veterinary practices that are specialized in udder health consultancy. Another

approach is the simultaneous determination of both SCC and DSCC at cow-level with
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the Fossomatic 7 DC developed by FOSS, Hillergd, Denmark. This device can be
implemented in DHI recording, aiming to decrease the risk of leaving newly infected
udders undiagnosed, thus providing a more detailed picture of the actual inflammatory

status of the mammary gland. The use of DSCC might therefore be of interest for

SDCT, yet thresholds had to be determined.

In Chapter 4.2, we studied the usability of the DSCC, as measured by the Fosso-
matic 7 DC (FOSS) as a stand-alone parameter but also in combination with SCC, to
identify major pathogen infected cows at drying off. To do so, we calculated area under
receiver-operating characteristics curves (AUC), ranging from 0.0 to 1.0, a technique
to quantify the overall ability of a test to discriminate between healthy and infected
individuals, and compared the diagnostic abilities of SCC alone, DSCC alone and the
combination of DSCC and SCC. For composite milk samples collected at the last DHI
record before drying off, the AUC ranged between 0.62 and 0.64, and for composite
milk samples collected at maximally 5 days before drying off, the AUC ranged be-
tween 0.58 and 0.64. Although the highest AUC were observed for the combination of
SCC and DSCC, they only showed small and non-significant improvements over SCC
alone. Still, it is promising that DSCC is able to provide estimates of the infection
status at drying off that are similar to those of SCC. Possibly, the accuracy can in-
crease when the DSCC is validated for cows with a composite milk samples <50,000
cells/mL, as these cows are promising candidates to be left without antimicrobials at
drying off using DSCC. Then, the DSCC might have correctly diagnosed the 9 cows
(out of 61 major pathogen infected cows) that were falsely identified as noninfect-
ed/minor pathogen infected, as the the geometric mean SCC of those cows at the third
last, second last and last DHI record before drying off only ranged between 32,000 and
39,000 cells/mL, and never exceeded the preset threshold. In the future it might also
be helpful to identify certain more relevant NAS species that should be considered to
be treated at drying off (or during lactation), but more research is definitely needed to

put this parameter into practice.

Use of On-farm Culturing. Interest is increasing towards on-farm culture systems,
such as the 3M Petrifilm culture system (Cameron et al., 2013; tho Seeth et al., 2017),
which enables the user to identify presence of a pathogen within 24 hour after collec-

tion of a milk sample. The use of the 3M Petrifilm culture system for SDCT has been
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studied and results are promising (Cameron et al., 2011; Patel et al., 2017), yet is still
requiring time, sufficient expertise (e.g., a large enough herd) and specific material,
and cannot diagnose a presumptive pathogen-group (i.e. gram-negative, gram-positive

and no-growth) and therefore fell outside the scope of this thesis.

6.6 Optimal Preparation of the Dry Period

As the dry period forms the foundation of cow performance in next lactation, any
extra care given prior to drying off and during the dry period will pay big dividends
throughout the next lactation. Following the Ten-Point Mastitis Control Program of
the National Mastitis Council (NMC) (General Introduction, Figure 1.2), will help to
achieve a healthy and resilient herd. Noteworthy, as BDCT is still recommended in
this program, European researchers already reached a consensus that we should move
away from BDCT towards SDCT and developed guidelines to do so (Bradley et al.,
2018).

In Chapter 3, test-day SCC near drying off and calving were used to determine the
infection dynamics across the dry period in herds that applied BDCT and a significant
association with the cow’s performance in the next lactation was found. More specifi-
cally, producers benefited most from cows that remained healthy (SCC < 200,000 cell-
s/mL) across the dry period as they achieved the lowest SCC, CM risk and culling rate
in subsequent lactation compared to cows that with a high test-day SCC (> 200,000
cells/mL) either at drying off or at calving. Interestingly, the impact of the infection
dynamics on the SCC in subsequent lactation was affected by the level of the second
test-day SCC. Healthy cows that remained healthy at second-test day (SCC < 200,000
cells/mL) had a lower SCC in further lactation than cows that were infected (> 200,000
cells/mL) at some point near drying off and early lactation. In our study, almost 54% of
the cows remained healthy across the dry period with also a low second test-day SCC
(Chapter 3). Avoiding that chronically infected cows enter the dry period and focusing
on increasing the proportion of healthy cows across the dry period, and keeping them
healthy in early lactation is highly recommended to improve udder health in a herd but

also to increase the success rate of SDCT.
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6.6.1 Low Milk Yield at Drying Off

In modern high producing cows, drying off has become a challenge as high milk pro-
ductions often persist till the day of drying off, with a milk yield of 30 kg per day no
longer being an exception (Ollier et al., 2013). Unfortunately, high milk productions
at drying off have been associated with an increased risk of IMI during the dry period
(Ingvartsen et al., 2003; Rajala-Schultz et al., 2005; Newman et al., 2010). To illus-
trate, the odds of having an IMI increased with at least 1.77 for every 5-kg increase of
milk production at drying off starting with 12.5 kg (Rajala-Schultz et al., 2005; New-
man et al., 2010). This means that a cow with a milk yield of 22.5 kg on the day of
drying off, is about 3.5 times more likely to acquire a new IMI than a cow yielding
12.5 kg at drying off. This can be explained by the fact that a high milk yield has been
associated with, amongst others, delaying or hampering the formation of the keratin
plug in the teat canal, a higher likelihood of milk leakage and invading pathogens, and
impeding mammary defense mechanisms (Sordillo and Nickerson, 1988; Schukken et
al., 1990; Dingwell et al., 2004). To overcome the lack or delay of formation of the
keratin plug, long lasting internal sealants can be administered to prevent pathogens
from entering the mammary gland during the whole dry period as depicted in Figure
[6.6] Still, strategies to reduce the milk production prior to drying off preferably below
10 to 15kg (Laven, 2016; MCC, 2019; Vasquez et al., 2018; Vilar et al., 2018) and

hastening mammary gland involution should be implemented in the herd management.

Reduction of milk production can be accomplished by feed restriction, adjusting
feed rations, supplementing minerals or reducing the milking frequency (Valizaheh et
al., 2008; Tucker et al.; 2009, Gott et al., 2017). As well, researchers have been trying
to develop products to facilitate this transition period, and although promising, further
research is necessary to ensure safe use. For instance, intramuscular injections with the
prolactin-inhibitor quinagolide resulted in a reduction of the milk yield at drying off
and hastened mammary gland involution as well after drying off (Lacasse et al., 2011;
Ollier et al., 2013). The same effects were already reported in the eighties after infu-
sion of biological response modifiers colchine and endotoxin (Oliver and Larry Smith,
1982), yet they also triggered a mammary immune response in early dry period. The
idea of stimulating the innate immunity at drying off to help protect the udder from

acquiring new IMI gained interest and other biological response modifiers have been
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Long-acting
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Figure 6.6: A schematic and merely illustrative figure of the incidence of new
intramammary infection (black line) during the three phases of the dry period and the
products that can be administered at drying off (colored lines) (adapted from Bradley
et al., 2004). The persistence of different compounds, independent of each other when
administered at drying off, is depicted: (red) the internal teat sealant remains
consistent until calving; (green) the external teat sealant only covers the teat end for a
short period of time and; (blue) the concentration of long-acting antimicrobials slowly
decreases during the dry period, and depending on the antimicrobial substance(s) and
pathogen at a certain point reaches concentration levels under the minimum inhibitory
concentration limit.

studied like casein hydrolyzates (Shamay et al., 2003), lipopolysaccharide and cellular
fractions of Escherichia coli (Dallard et al., 2007), and more recently chitosan hydro-
gels (Lanctot et al., 2017). Another inhibitor of prolactin release is cabergoline, which
has been successfully used for years to treat unwanted lactation in women and female
dogs (De Groot et al., 1998), and although the marketing authorisation for dairy cows
(Velactis®, Ceva Santé Animale) has been suspended (EMA, 2019), it is promising
as it also reduces udder engorgement, milk leakages, and accelerates mammary gland
involution (Bach et al., 2015; Boutinaud et al., 2016).)

In addition, more attention should go towards selecting cows for breeding that have,
besides high milk yields, the natural ability to sharply and spontaneously reduce the
milk yield at the end of their lactation (Silanikove et al., 2013). In our field studies
(Chapter 4 and 5), we only had access to milk yield at the last DHI record before drying

off, which is associated with the milk yield at drying off but highly depends on mea-
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sures like described before taken by the producer to decrease milk yield. Therefore,
future research should look into the effectiveness of different management practices
to reduce the cow’s milk production at drying off, and in turn study the association
between the cow’s milk production at drying off and the infection dynamics as well
as the performance of the cow in subsequent lactation, with or without long-acting

antimicrobials at drying off.

6.6.2 High Responders to Treatment

In Chapter 5, to maximally protect udder health, we selected SCC thresholds with the
lowest chance to leave major pathogen infected cows without antimicrobial treatment
based on our research in Chapter 4. Still, even when the cow is infected with a major
pathogen at drying off, not all animals benefit equally from a dry cow treatment due
to different infection statuses and the ability to (self)-cure. To ensure prudent use of
antimicrobials, one could consider only administering antimicrobials to infected cows
that have a high likelihood of conquering the IMI across the dry period. Consequently,
some authors believe that chronically infected cows with a SCC above 700,000 cell-
s/mL at the last three or more test-days should only receive an internal teat sealant
because of the poor cure rates (tho Seeth et al., 2017). Moreover, in Norway, they even
recommend not to treat major pathogen infected cows with high SCC (i.e., 600,000 to
700,000 cells/mL) only at the last test-day prior to drying off, and cull those cows at
the optimal lactation stage (Osteras et al., 1999; @steras and Sglvergd, 2009).

Certain IMI causing pathogens such as yeast, fungi and algae cannot be treated with
antibiotics, moreover, the infection is likely to worsen when treated with these products
as the competitive bacterial flora will be killed but not the causative pathogen. Staphy-
lococcus aureus infections are usually also difficult to treat, although younger cows
are more likely to conquer the infection than older cows (Sears and McCarthy, 2003).
Other less common pathogens like Pseudomonas spp. typically cause chronic IMI
that do not respond well to an antimicrobial therapy (Bannerman et al., 2005). Reg-
ular sampling of CM cases, especially when treatment fails, to diagnose the causative
pathogen and resistance pattern is key to adapt the management to the changing flora

and developments within bacteria.
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In conclusion, prudent use also means that, when administering antimicrobials
at drying off, cows should be likely to succeed in eliminating major pathogens. In
this thesis, this was not taken into account, but it can be a next step towards more ju-
dicious use of antimicrobials. Carefully monitoring lactating cows to avoid infection
to become chronical is crucial to keep a healthy herd and increase the proportion of
noninfected or minor pathogen infected cows to be dried off without antimicrobials at

drying off.

6.7 Consequences of Selective Dry Cow Therapy

The general concern about SDCT is that leaving cows without antimicrobial treatment
at drying off is detrimental for udder health. Yet, when applying our algorithm as pre-
sented in Chapter 5 (Figure 5.2), withholding antimicrobials from (mostly, i.e., about
90%) noninfected/minor pathogen infected cows, did not cause a significant increase
in CM risk and culling hazard after drying off. Furthermore, test-day milk yield and
SCC in the subsequent lactation were not negatively impacted, while less antimicro-
bials for udder health were used. The algorithm that was used to appoint dairy cows
to a either an antimicrobial dry cow treatment and internal teat sealant or solely an
internal teat sealant, can be found in Chapter 5 (Figure 5.2). In total, 466 cows were
dried-off by use of the algorithm, and when verifying with the gold standard (i.e., cul-
turing prior to drying off), the achieved Se was 71.0% (95% CI: 64.6 - 77.4%), the Sp
was 31.9% (95% CI: 25.3 - 38.5%), the PPV was 16.5% (95% CI: 11.3 - 21.8%) and
the NVW was 85.2% (95% CI: 80.3 - 90.2%). When applying our algorithm on the
dataset of Chapter 4.1, although ignoring the cow’s CM history as this was not avail-
able, we observed a somewhat different Se of 85.9% (95% CI: 82.6 - 89.2%), Sp of
31.3% (95% CI: 27.0 - 35.7%), PPV of 23.4% (95% CI: 19.4 - 27.4%) and NPV of
90.1% (95% CI: 87.3 - 92.9%). The numerically higher PPV and NPV can be due to
a higher prevalence of major pathogen infected (19.5% in Chapter 3, 16.8% in Chap-
ter 5) and noninfected cows (30.4% in Chapter 4.1, 19.8% in Chapter 5), respectively.
As previously explained, minor pathogen can cause elevations of the SCC, which can

explain the significant lower Se as a consequence of the higher proportion of minor
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pathogen infected cows (50.1% in Chapter 4.1; 63.4% in Chapter 5). The downside
of the algorithm is that only 16.5% of the cows that received antimicrobials, as they
were considered infected with a major pathogen, were actually truly major pathogen
infected at drying off. Yet, we aimed for a good protection of udder health (focusing
on the highest NPV) and only 15% of the major pathogen infected cows at drying off,

received falsely no antimicrobials, and the consequences were limited.

6.7.1 Impact on Udder Health, Milk Yield and Culling

In the study described in Chapter 5, we also collected milk samples from 285 cows
in early lactation (7 - 12 DIM) besides milk samples at maximum 5d before drying
off (unpublished data), allowing to get some insight in how cows cope with receiving
SDCT instead of BDCT in that respect (Table [6.1). Overall, 13% of the 285 cows
were infected with at least one major pathogen in early lactation in both the BDCT and
SDCT group (n =154 cows and n = 131 cows, respectively). Interestingly, in the SDCT
group about 72.3% (16 out of 22 cows, thus calculating the Se) of the major pathogen
infected cows were correctly identified by the algorithm and received consequently
antimicrobial treatment at drying off. As well, it seemed that minor pathogen infected
cows at drying off were more likely to be major pathogen infected at calving if treated
with antimicrobials at drying off (8 out of 58 cows) than when they were left without
antimicrobials at drying off (0 out of 25 cows). This supports the previously mentioned
hypothesis that minor pathogens might be in some way beneficial for milk production
leaving treatment unnecessary or even unwanted. Furthermore, of the remaining 6
major pathogen infected cows that were falsely left without treatment, 5 of them cured
spontaneously, leaving only 1 cow truly at risk of developing (clinical) mastitis in
subsequent lactation.

Although there was no significant difference between the BDCT and SDCT group,
numerically, 15% more CM and 57% more culling was observed when cows were se-
lectively dried off. Moreover, these events occurred earlier than in the BDCT group
and are therefore more likely to impact the cow’s milk production and SCC. The large
majority of cows (i.e., 94%) in the SDCT group that were culled after drying off were
also treated with antimicrobials at drying off. Therefore, it seems that these cows were

already struggling with udder health prior to drying off to some extent, because they
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were considered major pathogen infected by the algorithm. Importantly, as was ob-
served in Chapter 3, chronically infected cows across the dry period (defined as a SCC
> 200,000 cells/mL at drying off and calving), despite having received BDCT, proved
to be poor performers in subsequent lactation and only had a limited chance at curing as
only 23.5% decreased below the threshold of 200,000 cells/mL at second test-day after
calving. This explains, in general, the recommendation implemented in the National
Mastitis Council’s 10-Point Mastitis Control Program (General Introduction, Figure
1.2) to cull chronically infected cows. In both the SDCT and BDCT treatment group
(Chapter 5), these recommendations were followed through for at least some cows as

udder health related problems explained about a third of the cullings.

It is likely that the infections that resulted in CM in early lactation were already
present in the dry period (Bradley and Green, 2000), and due to the absence of an-
timicrobials emerged earlier than in the treated cows. Indeed, in the SDCT group, the
CM in early lactation of the treated cows occurred at a median DIM of 21 while un-
treated cows already suffered from it at median DIM of 15 (unpublished data). Still,
the majority (i.e., about 70%) of the cows in the SDCT group that developed CM in
the next lactation were appointed to antimicrobials at drying off by the algorithm, im-
plying that these cows already struggled with udder health to some extent in previous
lactation. Some cows were culled as explained above, which is highly recommended
as culling at the optimal lactation stage of chronically infected cows would not only
lead to a reduction of the antimicrobial use and decreased infection pressure, but also

to an increased proportion of healthy cows at drying off.

6.7.2 Impact on Antimicrobial Use

The total antimicrobial use for udder health issues between drying off and 100 DIM
was significantly lower in the SDCT group when compared to the BDCT group (Chap-
ter 5). In the SDCT group, 31.1% of the cows consumed less antimicrobials than what
would be used for dry cow therapy, and the decrease in antimicrobial use as a conse-
quence of SDCT was not compensated by an increased use to treat CM. Yet, there are
some aspects that need to be addressed when interpreting these results.

Prevalence of (sub)clinical mastitis, preventive measures and treatment protocols
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differed largely between herds. Some herds treated all cows with CM, while other
herds had some requirements such as presence of flocks for more than a few milkings
in order to treat, leaving 22% of the cows with CM untreated. When calculating the
antimicrobial use for udder health purposes (Chapter 5, Table 5.6), antimicrobial con-
taining mammary tubes, regardless of their active substance(s), number of times a day
(i.e. twice- or once-daily) and quantity administered, accounted for 1 DDDA, while
dry cow tubes accounted for 4 DDDA. For systemic injections, the active substance(s)
and the quantity administered were taken into account. To illustrate: to treat a cow with
CM for three days in a row, administering 22.5 mL tylosine (Tylan®, Eli Lilly Benelux
N.V, Brussels, Belgium) to a 600 kg cow as prescribed intramuscularly would account
for 3.0 DDDA, while overdosing with 30 mL would account for 4.0 DDDA. When
administering 37.5 ml of the sulfonamide and trimethoprim combination (Borgal®,
VIRBAC, Carros, France, would total at 6 DDDA (as both substances sulfadoxine and
trimethoprim are counted as 3 DDDA each day) while underdosing at 30 mL would
total at 4.8 DDDA. Thus, the choice and dosage of antimicrobial that was systemically

administered highly impacts the total use of antimicrobials for udder health purposes.

Stevens et al. (2016) reported that a Flemish dairy cow was on average 7.6 days per
year under antimicrobial treatment, of which dry cow therapy would represent 4 days
if BDCT is applied in that herd. Yet, when correcting the DDDA counted for dry cow
therapy from maximally 4 days to one truly reflecting the persistency of antimicro-
bials in the udder, being for example 30 days, the overall antimicrobial use in a dairy
herd would at least triple, making implementation of SDCT even more important when
wanting to meet the demands to substantially reduce antimicrobial use. Furthermore,
in this case, the proportion of antimicrobials used for dry cow therapy would represent
the large majority of the overall antimicrobial use in a dairy herd as well. If this cor-
rection would be executed, the dairy sector will probably no longer be regarded as a

low consumer, compared with e.g., the poultry, pig and veal sectors.
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6.8 Herd-specific Algorithm to Apply Selective Dry Cow
Therapy

Based on our research (Chapter 4 and 5), an overall algorithm was developed to kick-
off SDCT in Flanders as displayed, starting with the herd-level requirements (Figure

6.7) before addressing the cow-level requirements (Figure 6.8a and Figure 6.8b).

The BMSCC in Flemish dairy herds averaged at 205,800 cells/mL in 2017 (MCC
Flanders, 2017), suggesting a majority of herds is qualified for application of SDCT
by use of our algorithm. It is obvious that decreasing the antimicrobial use in some
herds will be more difficult than in other herds as the skill level and resources to apply
preventive measures and control infections differ between herds and their managers.
Including three thresholds of BMSCC within the algorithm (Chapter 5, Figure 5.2),
most importantly the >250,000 cells/mL that encourages general udder health im-
provement before starting to selectively drying off cows, already partly covers those
differences. Besides, monthly monitoring the BMSCC also monitors the general ud-
der health trend when SDCT was applied. Of course, if more information about the
herd or individual cows is available, this can be used to estimate the infection status at
drying off but also the likelihood to cure over the dry period more accurately. Some
examples: CM history that covers the whole lactation, cure rates in the herd, regular
culturing of CM cases with antimicrobial resistant profiling, etc.. Therefore, the de-
veloped algorithm (Figure 6.7, 6.8a and 6.8b) is a useful tool to kick off SDCT in the
herd, although it might be necessary in some circumstances to deviate and implement

adjustments, which should be discussed with the herd veterinarian.

Overall, the success of applying SDCT in a herd depends on the algorithm as well
as the producer. When sorting the different aspects from mostly dependent upon the
algorithm to mostly dependent upon the producer, it would be as follows: (1) the abil-
ity to distinguish the cows infected with major pathogens from the minor pathogen
and noninfected cows; (2) the achieved antibiotic reduction; (3) the impact on the
(udder)health, wellbeing of the animals and profitability; and (4) the control of the

environment across the dry period and during the subsequent lactation.
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Figure 6.7: Algorithm to kick-off selective dry cow therapy in dairy herds: herd-level
requirements [abbreviations: blanket dry cow therapy (BDCT); National Mastitis
Council (NMC, General Introduction, Figure 1.2); Dairy Herd Improvement (DHI)].
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6.9 More Prudent and/or Reduced Use of Antimicro-

bials

6.9.1 Selective Dry Cow Therapy at the Quarter-Level Quarters to
Dry-Off with Antimicrobials

To further reduce the use of antimicrobials, one could only administering long-acting
antimicrobials to infected individual quarters instead of to all four quarters of an in-
fected cow. In a recent Canadian study, by use of the 3M Petrifilm on-farm culturing
system, 58% of the quarters were left without antimicrobials at drying off without a
significant negative effect on udder health nor milk production (Kabera et al., 2019).
However, several researchers discourage this approach as cross-contamination espe-
cially with contagious pathogens can still occur by close contact between teats for
instance when the cow is lying down, and quarters don’t behave independently. For
instance, Robert et al. (2006) reported that cows that acquired a new infection during
the dry period were more likely to carry an infection in two or more quarters than in
only one quarter probably because all quarters within the cow are subjected to expo-
sure of similar sources of pathogens and the same inherent susceptibility. Furthermore,
Berry et al. (2003) demonstrated that, when only the infected quarter was treated, sig-
nificantly more new infections have occurred in the originally uninfected quarters that
were left untreated, as also was reported in previous studies (e.g. Browning et al.,

1990; Browning et al., 1994; (steras et al., 1999).

6.9.2 Discouraging the Use of for Human Health Criticial Antimi-

crobials

The highest priority critically important antimicrobials for human medicine that are
used in veterinary medicine are the third and fourth generation cephalosporins, quinolones,
colistin and macrolides according to the World Health Organization (WHO, 2017a). In
Europe, they represented 0.2, 2.6, 5.1 and 7.0%, respectively, of the total amount of
antimicrobials sold for food-producing animals in 2016 (European Medicines Agency,
2018). In England, a complete cessation of the use of these for human health critical

antimicrobials has been urged by the British Cattle Veterinary Association unless in ex-
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ceptional circumstances such as proved resistance to other antimicrobials and avoiding
animal suffering (BCVA, 2018). Since then, the overall but also the for human health
critical antimicrobial use in cattle practice was reduced with 35 and 28% respectively.
Promising is that herd health and welfare can be maintained and improved alongside
a complete cessation in the use, according to Turner et al. (2018). In Denmark, for
human health critical antimicrobials are still allowed, yet the monitoring system of
antimicrobial use in dairy herds takes into account whether or not the antimicrobial
substance is critically important for human health as a weighting factor has been as-
signed to each antimicrobial substance. For instance, fluoroquinolones (i.e., for human
health critical antimicrobial) are assigned a factor 10 while the penicillin (not for hu-
man health critical antimicrobial) is assigned factor 1, making the administration of
1 mg of fluoroquinolones equal to 10 mg of penicillins. Since the antimicrobial use
in pig and cattle herds is monitored and benchmarked (DANMAP, 2017), veterinari-
ans and owners are encouraged to restrain from those higher weighted antimicrobial
agents.

In Belgium, as mentioned before, the use of the 3" and 4" generation cephalo-
sporins and fluoroquinolones has been restricted. Yet, their intramammary use has not

been restricted and they are widely used (Stevens et al., 2016).

6.9.3 Short-acting Preparations

One could consider to administer short-acting, or at least ‘shorter’-acting, compared
to long-acting antimicrobial preparations at drying off, to decrease the time of ex-
posing the udder flora to antimicrobials. Interestingly, @steras et al. (1994) reported
higher cure rates for existing Staphylococcus aureus and Streptococcus dysgalactiae
when comparing short-acting antimicrobial preparations with long-acting, although
this can be due to the fact that different antimicrobials were used. Therefore, Whitfield
and Laven (2018) studied the impact of short-acting versus long-acting intramammary
tubes that contained the same antimicrobials (i.e., cloxacillin and ampicillin) in one
herd that routinely dried off cows with internal teat sealants. They reported no differ-
ence in prevalence of elevated SCC (i.e., > 150,000 cells/mL) at the first DHI record
after calving between the two dry cow treatments, despite difference in maintaining

effective antimicrobial levels in the dry cow udder. Possibly, by use of shorter term dry
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cow antimicrobials, reducing exposure time during the dry period can aid in reducing
the risk of developing antimicrobial resistance. Still, this will not impact the overall
antimicrobial use, as the practice of drying off a cow with long-acting antimicrobials
is counted as a fixed number of DDDA (see before), regardless of the duration of ex-
posure time, which could be taken into account when aiming at more prudent use in

dairy herds.

6.9.4 Non-Antimicrobial Alternatives

Besides the traditional antimicrobials, there are other naturally occurring substances
with antimicrobial activities that might benefit the udder health such as bacteriocins
[e.g., nisin and lacticins (Ryan et al., 1998; Cao et al., 2007)], bacteriophages [e.g.
bacteriophage ¢SA012 against Staphylococcus aureus (Iwano et al, 2018)], probiotics
[e.g. lactic acid bacteria (Piccart et al., 2016; Rainard and Foucras, 2018)], and antimi-
crobial proteins [e.g. S-defensins (Gurao et al., 2017) and lactoferrin (Shimazaki and
Kawai, 2017)]. For dairy cattle, practical applications like lacticin containing teat-dips
and wipes have been developed to prevent mastitis (Ryan et al., 1998). As well, with
regards to prevention of IMI during the dry period, teat sealant in which lacticin was
incorporated seems promising, as it provides besides a physical barrier also a local
antimicrobial effect (Ryan et al., 1998; Pieterse and Todorov, 2010).

Although the research of new alternatives and the development into practical ap-
plications is ongoing, traditional antimicrobials will remain the most used therapy to
treat infections for a long time. Therefore, further research and efforts to reduce its use

are necessary to ensure antimicrobial efficacy for generations to come.

6.10 Conclusion

We developed an algorithm that can be used in any Flemish dairy herd, guiding the pro-
ducer and veterinarian step-by-step towards successful implementation of SDCT. Ac-
cess to individual composite SCC is required as they are used to estimate of the cow’s
IMI status at drying off. Importantly, the selected test-day SCC thresholds are choosen
in function of maximal protection of udder health, and are therefore also adapted to

estimations of the subclinical mastitis prevalence in the herd and to some extent the
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producers’ skills to control mastitis. Producers need to prepare to shift from BDCT to
SDCT and certainly should consult their veterinarian to correct possible weaknesses in
udder health management. Doing so, SDCT has the potential to substantially reduce
the antimicrobial use in dairy herds with only a limited (and possibly positive) impact

on udder health, milk yield and culling hazard.
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Veterinary overuse of antimicrobials poses a potential risk for public health as it
contributes to the selection and spread of antimicrobial resistance. In the dairy sector,
it has been common practice to systemically dry off cows with long-acting antimicro-
bials, the so-called blanket dry cow therapy (BDCT), in order to prevent new infections
from occurring during the dry period and to cure existing infections. Yet, because of
the merely preventive nature of dry cow antimicrobials and the large potential reduc-
tion in antimicrobial use when abandoning this practice, an increased focus has been
placed on the alternative approach of selective dry cow therapy (SDCT). This is a
targeted antimicrobial treatment of only those cows with evidence of a present udder
infection at drying off. Still, as the dry period undeniably influences the udder health
in the following lactation, producers are hesitant to apply SDCT. As a result of this
thesis, insights in the consequences when shifting from BDCT to SDCT were gained
regarding udder health, animal welfare and economics. Moreover, concrete guidelines
to adopt this alternative practice in a commercial dairy herd were developed, which
might encourage veterinarians and producers to take the next step towards (more) pru-
dent use of antimicrobials while at least maintaining udder health and milk yield at an

acceptable level.

In Chapter 1, the different types of mastitis are described and the important role of
the dry period regarding this disease is explained. As treatment of mastitis still relies
mostly on antimicrobials, the positive and negative aspects of the relationship between
antimicrobial use and modernization of the dairy sector over time are explained, which
will help to comprehend the necessity to further explore SDCT in Flanders. Of course,
in order to appoint cows to antimicrobial treatment or not, the infection status at dry-
ing off has to be determined. Intramammary infections (IMI) can be diagnosed by
detecting its cause through bacteriological culturing of milk samples, often used as the
golden standard in studies but not feasible in practice, or measuring the inflammatory
reaction in response to the IMI, for instance with somatic cell counting which is fea-
sible in practice. Via milk recording, individual somatic cell count (SCC) information
is provided on a routine basis, which explains its wide use as indicator of udder health
but also explains our focus on finding optimal SCC thresholds to differentiate between

major pathogen and minor pathogen infected or noninfected cows at dry-off.

Chapter 2 provides an overview of the main aims of the thesis.
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It is unfortunate that during the dry period, which is a high risk period for new IMI,
only limited udder health data can be collected. Therefore, in Chapter 3, test-day
SCC before drying off and after calving were used to determine the cow’s udder health
across the dry period (infection dynamics) and to study the impact on the performance
in the next lactation. We report that, despite the fact that BDCT was applied in all
herds, still 12.6% of the cows acquired a new IMI across the dry period, when using
a SCC threshold of 200,000 cells/mL to define cows to be infected or not. Moreover,
these newly infected cows were at a higher risk for elevated test-day SCC throughout
the whole subsequent lactation when compared to healthy cows. At the same time, only
66.9% of the infected cows at drying off cured from the existing IMI. Unfortunately,
whether or not infected cows managed to cure across the dry period, they struggled
with udder health throughout the subsequent lactation and were at least twice as likely
to develop clinical mastitis or to be culled when compared with cows that remained
healthy across the dry period. This implies that even when long-acting antimicrobials
are administered at drying off, dry cow therapy offers no guarantee for an infection-
free dry period, reinforcing the importance of good udder health management during

lactation but also during the dry period.

In Chapter 4, test-day data before drying off were explored to evaluate their di-
agnostic ability to detect noninfected cows at the time of drying off in 15 commercial
dairy herds with an adequate udder health management. In Chapter 4.1, we confirmed
that SCC information derived via milk recording is capable of predicting the absence
of intramammary infection with major pathogens at dry-off, yet (an estimate of) the
herd prevalence of subclinical mastitis, the cow’s milk yield and parity impact the esti-
mates of the sensitivity, specificity and predictive values to some extent. When aiming
at implementing test-day SCC data to apply SDCT, thresholds with the highest neg-
ative predictive values should be preferred to avoid leaving major pathogen infected
cows without antimicrobials at drying off. This resulted in the recommendation to use
the last three test-day SCC before drying off: in case the SCC threshold for a particular
cow was exceeded at least once at the three last test-days, it would be considered ma-
jor pathogen infected. Thus, in herds with a (likely) higher prevalence of subclinical
mastitis, the most optimal threshold for heifers and multiparous cows is 50,000 cell-

s/mL, coinciding with a negative predictive value of 92.0 and 87.5%, respectively. In
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herds with a (likely) lower prevalence of subclinical mastitis, the most optimal thresh-
old for heifers and multiparous cows was 150,000 cells/mL and 100,000 cells/mL,

respectively, resulting in a negative prevalence of 82.5 and 93.3%, respectively.

In Chapter 4.2, we investigated the diagnostic abilities of the newly-available dif-
ferential somatic cell count (DSCC) in combination with the well-established SCC.
The DSCC represents the combined proportion of polymorphonuclear neutrophils and
lymphocytes in a milk sample, given as a percentage, and will become available via
DHI milk recording in near future. This parameter adds more depth to the total of SCC
that consists of four main cell types: macrophages, polymorphonuclear neutrophils
cells, lymphocytes, and epithelial cells. As the polymorphonuclear neutrophils cells
rapidly increase when a pathogen invades the mammary gland, this can be detected
with the DSCC while the total SCC has not yet increased concurringly. The combina-
tion of DSCC and SCC information allowed to correctly identify more major pathogen
infected cows (i.e., significantly higher sensitivity but also a lower specificity) than
SCC alone, yet no improvement for negative predictive values was observed, and was
therefore not included in the SDCT algorithm used in Chapter 5. Still, this was only a
first study on DSCC in addition to SCC for SDCT, and with some more research, for
instance also validating the parameter for cows with a SCC below 50,000 cells/mL, it

could become an interesting addition to the existing SCC diagnostics.

In Chapter S, we develop and apply SDCT algorithm, which includes the cow’s
test-day information and clinical mastitis history prior to drying off. In total, 12 com-
mercial dairy herds with a general good udder health, that previously applied BDCT,
were enrolled. Within each herd, about half the cows were selectively dried off with-
out antimicrobials using this algorithm, and their performance were compared with
the other herd mates that were dried off using BDCT. All cows received internal teat
sealants at drying off. Interestingly, the clinical mastitis risk and culling hazard were
not significantly higher in the SDCT groups when compared to the BDCT group, al-
though it has the potential to become significant with increasing sample sizes. Promis-
ing is that test-day milk yield and SCC in the subsequent lactation did not significantly
differ between treatment groups, and were even numerically favorable in the SDCT
group. Of course, the ultimate goal of SDCT is reducing the overall antimicrobial

use. We report that the antimicrobial use for udder health, monitored from drying off
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until 100 DIM, decreased significantly. Thus, implementing SDCT to reduce the an-
timicrobial use in a commercial dairy herd, using strict selection criteria and test-day
information, is possible without jeopardizing udder health or milk yield.

In Chapter 6, we discuss our findings and concerns and compare these with other
studies. We developed an algorithm that can be used in any Flemish dairy herd, guid-
ing the producer and veterinarian step-by-step towards successful implementation of
SDCT, a practice that will become a necessity to answer to the growing call for judi-

cious use in the animal husbandry.
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Overmatig antimicrobieel gebruik in de diergeneeskunde vormt een potentieel gevaar
voor de volksgezondheid omdat het bijdraagt aan de selectie en spreiding van antimi-
crobiéle resistentie. In de melkveesector is het gebruikelijk om koeien systematisch
droog te zetten met langwerkende antimicrobiéle middelen, de zogenaamde algemene
droogzettherapie (ADZT), om te voorkomen dat nieuwe infecties optreden tijdens de
droogstand en om bestaande infecties te genezen. Vanwege het voornamelijk pre-
ventief karakter van de therapie en de grote potenti€le vermindering van het antimi-
crobieel gebruik bij het bannen van deze praktijk, ligt de focus al enige tijd op selec-
tieve droogzettherapie (SDZT). Deze alternatieve benadering beoogt enkel een antibac-
teriéle behandeling van koeien met een bewezen aanwezige intramammaire infectie
(IMI) op het moment van droogzetten. Aangezien de droogstand echter onmiskenbaar
de uiergezondheid in de daaropvolgende lactatie beinvloedt, aarzelen melkveehoud-
ers om SDZT toe te passen. Dankzij dit proefschrift werden inzichten verworven in
de gevolgen die gepaard gaan met overstappen van ADZT naar SDZT op vlak van
uiergezondheid, dierenwelzijn en economie. Bovendien werden er concrete richtlijnen
ontwikkeld om deze alternatieve praktijk in een commerciéle melkveestapel te realis-
eren, wat dierenartsen en melkveehouders zou kunnen aanmoedigen om een volgende
stap te zetten naar een (nog meer) verantwoord gebruik van antimicrobiéle middelen,
terwijl de uiergezondheid en melkproductie ten minste op een aanvaardbaar niveau

wordt gehouden.

In Hoofdstuk 1 worden de verschillende mastitisvormen beschreven en de belan-
grijke rol van de droogstand met betrekking tot deze ziekte uitgelegd. Aangezien be-
handeling van mastitis nog steeds grotendeels steunt op toedienen van antimicrobiéle
stoffen, worden de positieve en negatieve aspecten van de relatie tussen antimicrobieel
gebruik en de modernisering van de zuivelsector doorheen de tijd toegelicht. Hieruit
blijkt de noodzaak om selectief droogzetten in Vlaanderen verder te verkennen. Om
te bepalen welke koeien nood hebben aan antibiotica bij droogzetten, is het belan-
grijk om een goede inschatting te maken van de infectiestatus van koeien bij aanvang
van de droogstand. Intramammaire infecties kunnen worden gediagnosticeerd hetzij
door het opsporen van de oorzaak van de infectie door middel van bacteriologisch on-
derzoek van melkstalen, vaak gebruikt als goudstandaard in onderzoek maar helaas

in de praktijk minder haalbaar, hetzij door het meten van de ontstekingsreactie die
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optreedt in reactie op de IMI, bijvoorbeeld door middel van het tellen van het totaal
aantal somatisch cellen in de melk wat in de praktijk wel haalbaar is. Door middel
van melkproductieregistratie (MPR) is voor iedere koe het somatisch celgetal (SCG)
op regelmatige basis beschikbaar, wat het frequent gebruik van deze parameter als
indicator van de uiergezondheid verklaart. Om die reden ligt ook onze focus op het
bepalen van de meest optimale SCG grenswaarden om onderscheid te maken tussen
major pathogeen en minor pathogeen geinfecteerde of niet-geinfecteerde koeien bij

droogzetten.

Een overzicht van de verschillende doelstellingen van deze thesis zijn beschreven

in Hoofdstuk 2.

Het is helaas eigen aan de droogstand, wat nota bene een erg risicovolle periode
is voor nieuwe IMI, dat de beschikbare en te verzamelen uiergezondheidsgegevens
gering zijn. Daarom werd in Hoofdstuk 3 het SCG v66r droogzetten en na kal-
ven gecombineerd om de uiergezondheid van de koe over de droogstand, de infec-
tiedynamiek, in te schatten. Daarbij werd de impact van de infectiedynamiek op
de prestaties in de daaropvolgende lactatie onderzocht. Uit de studie blijkt dat, in-
dien een SCG grenswaarde van 200.000 cellen/mL een koe als geinfecteerd definieert,
nog steeds 12,6% van de koeien een nieuwe IMI verwierf tijdens de droogstand, on-
danks het feit dat ADZT werd toegepast in alle kuddes. Bovendien hadden deze nieuw
geinfecteerde koeien een hoger risico op een verhoogd SCG tijdens de hele volgende
lactatie in vergelijking met gezonde koeien. Tegelijkertijd genas slechts 66,9% van de
geinfecteerde koeien op het moment van droogzetten van reeds bestaande IMI. Helaas,
zelfs als de geinfecteerde koeien er in slaagden om te genezen tijdens de droogstand,
presteerden ze nog steeds ondermaats op vlak van uiergezondheid. Ze hadden min-
stens twee maal zoveel kans om klinische mastitis te ontwikkelen of afgevoerd te wor-
den in vergelijking met koeien die gezond bleven over de droogstand. Dit betekent
dus dat zelfs wanneer langwerkende antimicrobiéle middelen worden toegediend bij
het droogzetten, ADZT geen garantie biedt voor een infectievrije droogstand. Dit be-
nadrukt het belang van een goed uiergezondheidsmanagement tijdens de lactatie maar

ook tijdens de droogstand.

In Hoofdstuk 4 werd het gebruik van MPR gegevens voor droogzetten ge€val-

ueerd om niet-geinfecteerde koeien bij droogzetten te detecteren in 15 commerciéle
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melkveebedrijven met een acceptabel uiergezondheidsmanagement. In Hoofdstuk 4.1
tonen we aan dat SCG verkregen via MPR de afwezigheid van IMI met major patho-
genen bij droogzetten kan voorspellen, hoewel de (geschatte) bedrijfsprevalentie van
subklinische mastitis, de melkproductie en pariteit de schattingen van de testkarak-
teristicken en voorspellende waarden tot op zekere hoogte beinvloeden. Aangezien
het uiteindelijke doel is om op basis van celgetallen SDZT toe te passen, hebben de
SCG grenswaarden met de hoogste negatief voorspellende waarden onze voorkeur,
en wel om te voorkomen dat major pathogeen geinfecteerde koeien zonder antibiot-
ica zouden worden drooggezet. Op basis van ons onderzoek kunnen we aanbeve-
len om gebruik te maken van de drie laatste celgetallen voor droogzetten. Concreet
wordt een koe als major pathogeen geinfecteerd beschouwd als de SCG grenswaarde
minstens één maal overschreden wordt tijdens de laatste drie MPR’s. In kuddes met
een (geschatte) hogere prevalentie van subklinische mastitis, was de meest optimale
grenswaarde voor vaarzen en multipare koeien 50.000 cellen/mL, waarbij een negatief
voorspellende waarde van respectievelijk 92,0 en 87,5% werd vastgesteld. In kuddes
met een (geschatte) lagere prevalentie van subklinische mastitis was de meest opti-
male grenswaarde voor vaarzen en multipare koeien respectievelijk 150.000 cellen/mL
en 100.000 cellen/mL, aangezien dit resulteerde in een negatief voorspellende waarde

van respectievelijk 82,5 en 93,3%.

In Hoofdstuk 4.2 hebben we de testkarakteristiecken en voorspellende waarden
onderzocht van de recent beschikbare differenti€le somatische celtelling (DSCG) in
combinatie met het reeds lang gekende SCG. De DSCG vertegenwoordigt het gecom-
bineerde aandeel van polymorfonucleaire neutrofielen en lymfocyten in een melkmon-
ster, weergegeven als een percentage, en zal binnenkort beschikbaar worden via MPR.
Deze parameter geeft bijkomende informatie over het totale SCG dat bestaat uit vier
hoofdceltypen: macrofagen, polymorfonucleaire neutrofielencellen, lymfocyten en ep-
itheelcellen. Aangezien de polymorfonucleaire neutrofielencellen snel toenemen bij
invasie van een pathogeen in de uier, kan dit met de DSCG al worden gedetecteerd
terwijl het totale SCG nog niet is toegenomen. De combinatie van DSCG en SCG liet
toe om meer major pathogeen besmette koeien correct te identificeren (dat wil zeggen
een significant hogere sensitiviteit maar ook een lagere specificiteit) dan SCG alleen,

maar er werd geen verbetering waargenomen voor de negatief voorspellende waarden
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en werd daarom niet opgenomen in het algoritme om SDZT toe te passen in Hoofd-
stuk 5. Desalniettemin was dit slechts een eerste studie over DSCG ter aanvulling
van het totale SCG in kader van SDZT. Met bijkomend onderzoek, zoals bijvoorbeeld
het valideren van de parameter voor koeien met een SCG van minder dan 50.000 cel-
len/mL, kan het een interessante aanvulling worden op de bestaande SCG diagnostiek.

In Hoofdstuk 5 hebben we het algoritme om SDZT ontwikkeld en toegepast. MPR
informatie, op basis van onze bevindingen in Hoofdstuk 2, 3 en 4 en de klinische mas-
titis geschiedenis voorafgaand aan het droogzetten, vormen de basis van het algoritme.
In totaal hebben 12 commerciéle melkveebedrijven met een algemene goede uierge-
zondheid aan de studie deelgenomen. Voor aanvang van de studie werd er systema-
tisch drooggezet met antimicrobiéle middelen. In elke kudde werd ongeveer de helft
van de koeien selectief drooggezet zonder antibiotica met behulp van dit algoritme en
de prestaties werden vergeleken met de andere koeien in de kudde die ADZT kregen.
Alle koeien kregen inwendige speenafsluiters toegediend bij droogzetten. Het is op-
merkelijk dat het risico op klinische mastitis en afvoer niet significant hoger waren in
de groep koeien die selectief drooggezet werden in vergelijking ADZT-groep, hoewel
het wel de potentie heeft om significant te worden in grotere groepen koeien. Het
is alleszins veelbelovend dat de melkproducties en het SCG in de daaropvolgende lac-
tatie niet significant verschilden tussen behandelingsgroepen en zelfs numeriek gunstig
waren in de SDZT-groep. Uiteraard is het uiteindelijke doel van SDZT het verminderen
van het algemene antimicrobiéle gebruik. We rapporteren een aanzienlijke daling van
antimicrobieel gebruik voor de uiergezondheid, wanneer gemeten van droogzetten tot
100 DIM. Het implementeren van selectief droogzetten om het antimicrobiéle gebruik
in een commerciéle melkveestapel te verminderen is dus mogelijk zonder de uierge-
zondheid en melkgift in gevaar te brengen, onder voorwaarde dat strikte selectiecriteria
worden gehandhaafd en het bedrijf deelneemt aan MPR.

In Hoofdstuk 6 bespreken we onze bevindingen en bezorgdheden en vergelijken
deze met andere studies. We hebben een algoritme ontwikkeld dat in elke Vlaamse
melkveestapel kan worden gebruikt, waarbij de melkveehouder en de dierenarts staps-
gewijs worden begeleid naar een succesvolle implementatie van SDZT, een praktijk
die een noodzaak wordt om te beantwoorden aan de groeiende vraag naar verstandig

gebruik van antimicrobiéle middelen in de veeteelt.
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Een doctoraat maak je niet alleen. Daarom een woordje van dank aan de vele personen
die hebben bijgedragen aan dit werk.

Het begint bij promotoren die je de kans geven om je te verdiepen in bepaalde
richting. De interesse in melkvee groeide tijdens de masterjaren en de weg naar het
M-team was snel gevonden. Beste Sarne, je zorgde ervoor dat de leercurve alleen
al die eerste maanden gigantisch was. Van een internationaal congres bijwonen in
Gent, routine-labo onder de knie krijgen, meedraaien in de kliniek, de eerste stappen
in dataverwerking en analyse tot het klaarstomen voor de verdediging. Daarna werden
zware veldproeven steevast beloond met (internationale) meetings waar ik mijn resul-
taten mocht voorstellen. Bedankt voor de vele feedback en de vele verbeterde versies
van teksten, die ervoor zorgden dat er mooie artikels gepubliceerd werden en dat ik hier
vandaag met groot zelfvertrouwen kan staan. Beste Sofie, bedankt voor je eindeloos
enthousiasme voor melkvee en mastitis. Ik zal nooit vergeten dat we op een vrijda-
gavond nog ‘tot een kot in de nacht’ over en weer mailde zodat we de deadline voor
indienen van abstract toch nog zouden halen. Ook jouw talent om slogans te bedenken
zal mij ook altijd bijblijven ;). Bedankt voor de vele uren die erin gekropen zijn om
mijn artikels bij te sturen, datasets en -analyses op te bouwen en te helpen uitzoeken
wat de beste manier is om weer verder te gaan. Veel succes met de verdere uitbouw
van MeX™, ‘I gotta feeling’ dat het goed komt! Hoe dan ook, een doctoraat maak je
niet alleen en het resultaat mag er wezen.

Beste voorzitter en leden van de examencommissie. Bedankt voor jullie tijd, goede
suggesties en kritische vragen tijdens de eindfase van dit werk. Onze wegen zullen
elkaar ongetwijfeld nog wel eens kruisen.

Uiteraard ook een woord van dank aan de vele melkveehouders die hun bedrijf
maandenlang hebben opengesteld voor mijn onderzoek en me soms wekelijks over
de vloer kregen voor staalnamen van enkele koetjes. Bedankt voor de vlotte samen-
werkingen wat het mogelijk maakte om tot 7 bedrijven te kunnen bezoeken op 1 dag
(een logistiek wonder, als zeg ik het zelf), de interessante gesprekken met kritische
vragen alsook de lekkere versnaperingen (verse melk, thee, koekjes, cake, frisdranken,
chocolaatjes, sangria enz.). Ik hoop jullie zeker nog eens terug te zien!

Daniel, we met in 2016, and have been working well together since then. Thank
you for taking good care of the milk samples in Denmark despite the transport troubles
now and then! I wish you the best with further scrutinizing the differential cell count-
ing. [ am sure we will meet again one day at a conference, and I’'m looking forward to
your new research.

En dan uiteraard een woordje van dank aan de M-team (oud)collega’s, kliniek col-
lega’s en collega’s van de vakgroep. Ik waag me er niet aan om iedereen apart te be-
danken, maar alle hulp werd erg geapprecieerd. Heel veel succes met het afwerken van
jullie doctoraten, projecten of andere uitdagingen! Eén uitzondering ga ik maken. An-
neleen, ik kan het niet anders zeggen: Jij bent een top madam! Vanaf de eerste minuut
bij het M-team heb je me warm onthaald en was je er altijd bij vragen en problemen.
Ik heb altijd enorm naar je opgekeken en vraag me nog steeds af hoe klaar speelt om
wat je allemaal doet zo succesvol te combineren. Jij was degene die kleine paniek-
aanvalletjes wist op te lossen (ik hoor het je nog zeggen: “We gaan dat oplossen, komt
goed”), meedacht bij problemen en luisterend oor bood bij frustraties (oh ja, die waren
er ook :)). Een doctoraat maak je niet alleen, het was zonder jullie niet het mooie werk
geworden wat het nu is.

Linde, een apart paragraafje voor jou, want dat verdien je. Vanaf het eerste jaar
volgen we ongeveer dezelfde koers, ondanks onze ‘ietwat’ andere interesses buiten
diergeneeskunde. Gaandeweg hebben we wel wat stoten uitgehaald in binnen- en
buitenland die eigenlijk alleen met jou kunnen :). Ik kon altijd op je terugvallen en
vond vooral begrip zonder veel uitleg wat goud waard is. Bedank voor de hulp bij de
laatste loodjes, je weet wel, die maaaaanden duren. Dank voor je ongelofelijke steun,
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want een doctoraat maak je niet alleen.

Dat samen muziek maken een belangrijk deel van mijn leven is, is geen geheim.
Het GUSO werd een warme Gentse thuis, waar ik vrienden heb gemaakt voor het leven.
Op café gaan met deze zotte enthousiastelingen is gevaarlijk, want daar ontstond het
idee om het Alumni-en Personeelsorkest Continuo op te richten waarvan ik jaren trotse
voorzitter ben geweest en nog steeds gepassioneerd lid van ben. Samen musiceren,
concerten organiseren, het zoveelste akkefietje (creatief) oplossen... dat schept een
band en ik heb minstens evenveel geleerd heb van dit ‘zijprojectje’ als van doctoreren.
Voor zij die de partituur al bekeken hebben en zich afvragen wat ik ermee wil zeggen:
moest ik mijn doctoraat samenvatten, zou het dit zijn. Enkelingen van jullie wil ik in
het bijzonder bedanken: Greet, thank you so much for all your quick responses regard-
ing English language issues, en aangezien het vaak ‘lichtjes’ buiten je normale jargon
ging hielp je altijd mee zoeken naar het juiste antwoord. Je bent een schat! Suzanne,
bedankt voor de mooie cover! Lieve poepies, dat wij elkaar zonder veel woorden begri-
jpen is al lang duidelijk. When the going gets tough, the tough reinvent! Nooit gedacht
dat woorden zoals ‘fancyhead’, ‘tocdepth’ en ‘hld[dandelion]’ een waar euforisch mo-
ment zouden uitlokken in mijn leven. Bedankt voor mij te introduceren in deze geheel
boeiende en nieuwe wereld. Ward, het moet gezegd worden, jouw engelengeduld om
samen de zoveelste bug op te lossen onder tijdsdruk (inclusief onoverkomelijke details
zoals dat puntje) is bewonderingswaardig. Een doctoraat maak je niet alleen, vriendjes
en vriendinnetjes, jullie zijn fantastisch.

Mama en papa, hier sta ik dan. Dat ik dierenarts zou worden, dat stond als een paal
boven water. Dat ging niet zonder slag of stoot, maar ik zou er wel geraken. Het feit dat
er uiteindelijk zelfs een doctoraat gemaakt zou worden in de wereld van melkvee is een
lichte afwijking van het oorspronkelijke plan van de 9-jarige Zyncke om de hondjes en
katjes te verzorgen en waar dat nu precies is ‘mis’gegaan blijft een raadsel ;). Dit kon
alleen door de onvoorwaardelijke steun en de vele kansen die ik van jullie gekregen
en dankzij jullie heb kunnen grijpen. Dat ik soms een tikje overenthousiast werd van
bijkomende (vaak grote) uitdagingen en projecten zorgde er meer dan eens voor dat ik
teveel hooi op mijn vork nam, met alle gevolgen van dien. Helaas ben ik hier hardleers
in, maar wetende dat jullie altijd klaar stonden en nog steeds klaar staan om mij op te
vangen (of af te remmen indien nodig) is onbetaalbaar. En dat geldt uitaard ook voor
jullie, grote en kleine broer! Een doctoraat maak je niet alleen, jullie zijn fantastisch.

Tot slot, een doctoraat maak je niet alleen en dat geldt zeker voor jou, liefje. Geert,
zonder jou had ik er vandaag niet gestaan. Zeer cliché, maar pure waarheid. Jouw be-
grip en geduld zijn eindeloos, en dat is vooral de laatste maanden duidelijk geworden
(sorry!). Doorheen mijn volledige studie stond je voor me klaar, maar vooral de laatste
4 jaren, als er weer eens uren tekort waren in de dag om alles rond te krijgen, was je
mijn rots die zorgde dat ik het kopke boven water kon houden. Zo heb je o.a. eindeloze
cijfers in excel getypt en tabellen gecontroleerd en ging je mee stalen nemen zodat we
toch wat quality time hadden (en toegegeven, jou zien melken is een groot plezier). En
wie me een beetje kent, weet dat ik wel eens spullen laat liggen of vergeet (in de top
3 staan gsm, sleutels en boterhammen). Bedankt voor de vele tripjes naar de faculteit
om spullen na te brengen! Ik ben super trots waar we nu samen staan en het is hoog
tijd voor echte quality time door samen de wereld te verkennen <3.

Dank jullie wel allemaal!

Zyncke
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