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ABSTRACT

The research reported in this dissertation includes two multi-statehacdtielinical
trials evaluating the efficacy of on-farm programs for the diagnosis #extige

treatment of clinical and subclinical mastitis in dairy cattle.

The use of an OFC system for the selective treatment of clinical mastithg lactation
reduced intramammary antibiotic use by half and tended to reduce withhotdengyi
one day, without significant differences in days to clinical cure, bacterallogiire risk,
new infection risk and ICR risk (where the ICR risk represented therme®f infection
risk, clinical mastitis risk, or removal from herd risk) within 21 days affterctinical
mastitis event. Similarly, there were no differences between both tregtnegrams in
long-term outcomes such as recurrence of clinical mastitis in the gaanter, somatic
cell count, milk production, and cow survival for the rest of the lactation after theatli

mastitis event.

The treatment with intramammary Cephapirin Sodium of cows and quarters based on
CMT results alone, or sequential testing using OFC to diagnose Gram-positivield +
positive quarters resulted in a higher bacteriological cure risk and redhécKR risk
within 21 days after enrollment (significantly and only numerically, retsgay for
treatment each program). The implementation of both treatment pregeguired the

administration of intramammary treatment and extended the time that wiithisld



from the market. Both programs resulted in a significantly lower climiggtitis risk and
lower milk SCC during lactation (significantly and only numerically, respely for

each treatment program). However, the implementation of both treatmentpsatjch

not result in higher milk production, improved reproductive performance or lower risk for

removal from the herd.

A secondary objective of both clinical trials was to validate the use of the Mianes
Easy Culture Bi-Plate System. This OFC system is a useful cow-stde terrectly
identify bacterial growth, Gram-positive bacterial growth, or Granatieg bacterial
growth in quarter secretion samples from clinical mastitis cases arMTirpGsitive
guarter milk samples collected after parturition. Treatment decisiond base
identification of bacterial growth, or Gram-positive bacterial growthifpalty, were

correct over 73% of the time.
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CHAPTER |

LITERATURE REVIEW: EPIDEMIOLOGY OF, AND TREATMENT
CONSIDERATIONS FOR, CLINICAL MASTITIS DURING
LACTATION AND SUBCLINICAL MASTITIS AFTER

PARTURITION

Mastitis in dairy cattle has significant ramifications, including fmahlosses to dairy
farmers, adverse effects on cow welfare and potential influences on public fibalt
following review will discuss epidemiology, economics, and treatment otalimastitis
during lactation and subclinical mastitis after parturition. It will alstifyuthe need to
develop and validate new tools to aid in the diagnosis and guide strategic treatment of

clinical and subclinical mastitis on-farm, and promote judicious use of antgioti

EPIDEMIOLOGICAL CLASSIFICATION OF MASTITIS PATHOGEN S

Bovine mastitis, defined as inflammation of the mammary gland, can havesation$

or noninfectious etiology. Organisms as diverse as backy@plasma, yeasts and

algae have been implicated as causes of the disease; Watts (1988) identifiecel&n diff
organisms as a cause of mastitis. The vast majority of mastitis istefibhorigin.

Saphylococcus spp.,Sreptococcus spp., and coliforms account for more than 90% of all



bacterial isolates from mastitis cases (Riekedrd#., 2007; Sargeardt al., 1998;

Erskineet al., 1988).

Historically, mastitis pathogens have been classified as either ttoasa or
“environmental” (Bramley and Dodd, 1984; Smattal., 1985; Fox and Gay, 1993). The
contagious pathogens are considered as organisms adapted to survive within the host, in
particular within the mammary gland, and are typically spread from cow to tow, a
around the time of milking. The most common contagious pathoges gucoccus
agalactiae, Staphylococcus aureus andMycoplasma spp. In contrast, the environmental
pathogens are opportunistic invaders of the mammary gland, not especially adapted to
survival within the host; typically they enter, multiply, illicit a host ionme response and
are eliminated. The primary source of environmental pathogens is the surrounding
environment (e.g. contaminated bedding, feces, water) in which a cow livesofhe m
common environmental pathogens Beeherichia coli, Klebsiella, Enterobacter,

Serratia, Pseudomonas, Proteus, Enterococcus, Streptococcus uberis and Streptococcus

dysgalactiae.

The line between classic contagious and environmental behaviour of mastitis pathoge
has become blurred. Persistent infection with [Sutéptococcus uberis (Todhunteret al.,
1995; Zadoks, 2003) arkfl coli (Hill etal., 1979; Lamet al., 1996; Dopfeset al., 1999;
Bradley and Green, 2001) has been reported. Studies using DNA fingerprinting have
stated that 9.1% (La®t al., 1996), 4.8% (Dopfeet al., 1999), and 20.5% (Bradley and

Green, 2001) of clinicdt. coli mastitis recurred in a quarter. The persistence of



infections, and the proportion of clinidal coli cases occurring in different quarters of

the same cow caused by a genotype previously identified in that cow, may suggest
transmission between quarters in a manner more commonly associated vathorent
pathogens (Bradley and Green, 2001). The same contagious behavior for an
‘environmental’ pathogen has been proposedtiaptococcus uberis infections (Zadoks

et al., 2003). Epidemiological and molecular data suggest infection from environmental
sources with a variety @&reptococcus uberis strains, as well as within-cow and
between-cow transmission of a limited numbegoéptococcus uberis strains, with

possible transfer of bacteria via the milking machine.

Pathogenesis and Pathophysiology of Mastitis Pathog ens

Gram staining, empirically developed by Christian Gram in the late 1800'sebae
an important means of classification in regards to bacterial magstitis ciassifies
bacteria based upon their cellular structure. The cell wall structure ofeathplays a
key role in the response of the cow, as well as in the infection pathogenesis and
pathophysiology. Cell wall structure also has significant implicationatritibiotic

treatment selection.

Gram-Positive Bacteria

The Gram-positive bacterial cell wall is composed almost enterelyptitipglycan

layers, a relatively complex polymer of sugars with amino acid linkages\igsved by



Navarre and Schneewind, 1999). The thick peptidoglycan layer allows Gram-positive
bacteria the ability to withhold crystal violet stain. Uniquely, this group diebacoften
contains teichoic acid which is incorporated within the peptidoglycan. Some of the most
common Gram-positive pathogens incliigphyl ococcus aureus, coagulase-negative
staphylococcugnterococcus, Streptococcus agal actiae, Streptococcus uberis and

Sreptococcus dysgal actiae.

Staphylococcus aureus

Infection with Staphylococcus aureus, the most infectious of the staphylococcal
pathogens, is often referred to as contagious mastitis because it is commaudyfispne
infected cows to other noninfected cows at milking (Mellenbegigalt, 1994; Nickerson
1993). The colonization of the mammary gland3aphyl ococcus aureus usually results
in a chronic subclinical infection, although it also can alternate with dimaatitis
episodes. Less frequen®aphylococcus aureus infections result in a peracute infection

developing a gangrenous mastitis (Anderson, 1982).

To establish an infection, these organisms colonize the skin and streak cantdamtbat
epithelial cell surfaces to breach this first line of defense (Niokes987; Nickerson,
1993). Once within the mammary gla®kphyl ococcus aureus produces hemolysins

that damage tissue, leading to intracellular colonization by the organisrderédn,

1982; Guddinget al., 1983; Nickersomt al., 1981). These infections can become chronic

because of their intracellular location, making it more difficult for themime system to



recognize and eliminate the bacteria. The second line of defense is the immeme sys
that includes leukocytes in the teat ducts and in the gland. These polymorphonuclear
neutrophils are efficient at removing bacteria that have invaded the Blawever,
Saphylococcus aureus possesses components that allow it to escape phagocytosis and
intracellular killing (Whiteet al., 1980; Harmoret al., 1982; Cravemt al., 1984). This
mechanism may account for the pathogen’s apparent resistance when aij@otec
selected on the basis of in vitro sensitivity are used, because commertigs mas

therapies do not reach intracellular pathogens (Fox and Gay, 1993).

Coagulase-negative staphylococcus

Coagulase-negative staphylococci (CNS) are afteisidered pathogens of minor
importance, especially in contrastStaphylococcus aureus, streptococci, and coliforms,
whichmay cause severe mastitis. A number of CNS species, identified with methods
based on phenotype, have been isolated from bovine mastitis. The two species isolated
most often ar&aphylococcus chromogenes and Saphylococcus ssimulans (Jarp, 1991;
Taponen, 2007 put alsoSaphylococcus hyicus and Staphylococcus epidermidis have

frequently been reported (Waageal., 1999; Rajala-Schultz, 2004).

These bacteria usually cause subclinical or mild clinical mastitis, batdiso been
reported to produce severe cases of mastitis (Jarp, 1991). In a recent Fudyishadt
of the cases were clinical, but in majority of the clinical cases the wigresvery mild

(Taponeret al., 2006). No significant differences in the severity of clinical signs caused



by the two most common CNS species were found, which agrees with previous studies
(Jarp, 1991). Coagulase-negative staphylococcus infections are geneaaigtadswith

an increase in somatic cell count (SCC) in the infected quarter (Bfabri 2002;

Taponeret al., 2007). Mastitis caused by CNS may result in a slight decrease in milk
production (Grohret al., 2004;De Vliegheret al., 2005). Grohret al. (2004) have shown
that multiparous cows with clinical CNS mastitis were, betioeeonset of mastitis,

higher producers than control cows withGIMS mastitis, suggesting that milk

production losses associated with CNS infection may have been previously

underestimated.

Spontaneous elimination (cure) of CNS mastitis is generally regascied@nmon
ocurrence. Some studies have shown spontaneous elimination rates of about 60-70%
(McDougall, 1998; Wilsoret al., 1999). However, markedly lower rates, 15%-44%, have
also been reported (Rainard and Poutrel, 1982; Timms and Schultz, 1987, Detlay/ker
2005). Certain common CNS species may be capable of persisting in the maglandry
for months or even throughout the lactation period (Laegeals, 1997; Aarestrugt al.,
1999; Chaffeet al., 1999). A recent study from Finland showed that half of the CNS
infections detected post partum persisted until the end of lactation and causextielevat

SCC during the entire lactation (Taporetial., 2007).

Streptococcus agalactiae



Sreptococcus agalactiae is a highly contagious obligate parasite of the bovine mammary
gland (McDonald, 1977). It generally causes a low-grade persistenbtypfection and
does not have a high self-cure rate. Unidentified infected cattle functiosemgaies of
infection, because they are not selected for treatment, segregationny @drnsworth,

1987).

Sreptococcus agalactiae has the ability to adhere to the mammary tissue of cows and the
specific microenvironment of the bovine udder is necessary for the growth of the
bacterium (Wanger and Dunny, 1984). For an obligate intramammary (IMM) pathogen
like S agalactiae, the bovine udder is recognized as the only reasonable source of the
organism in the milk. Consequently, isolates in the bulk tank are usually assumed to have

come from the udder (Bartledt al., 1991; Gonzaleet al., 1986).

Non -agalactiae streptococci

Common environmental streptococci include species of streptococci other than
Sreptococcus agalactiae and species of enterococci. Freptococcus dysgal actiae and
Streptococcus uberis, there is disagreement with respect to their classification. In some
laboratories, the two species are grouped together as ‘environmenticicer’
(Todhunteret al., 1995; Wilsoret al., 1997). However3reptococcus dysgal actiae and
Sreptococcus uberis differ in many bacteriological and epidemiological characteristics
(Barkemaet al., 1999; Leighet al., 1999; Vieiraet al., 1998).Enterococcus spp. have

commonly been included in the heterogenepasping of non-agalactiae streptococci.



Exposure of uninfected glands to environmental streptococci occurs during milking,
between milkings, during the dry period, and prior to parturition in first lactatioarkeif
In one seven-year study that reported the dynamics of environmental streptococc
mastitis in an experimental herd, the dry period was identified as the timeatésjr
susceptibility to new environmental streptococcal intramammary iofec(IMI)
(Todhunteret al., 1985). The epidemiology of IMI caused Bgterococcus spp. is
relativelyundefined with regards to common farm management practicendlidéad to

the control of mastitis caused by these organisms.

Approximately one-half of environmental streptococcal IMI cause @lim@stitis during
lactation (Todhunteet al., 1985). Severity of clinical signs is generally limited to local
inflammation of the gland. A total of 43% of clinical cases had signs limited torabhor
milk (mild), 49% involved abnormal milk and swollen gland (moderate), and only 8%
involved systemic signs such as fever and anorexia (severe). Duringlactiad
incidence of clinical mastitis was greatest the first week adlemng and decreased

throughout the first 305 days in milk (Hogetral., 1989).

It has been reported that environmental streptococcal IMI tend to be shom@urati
infections with only a relatively few becoming chronic (Todhustet., 1985).

However, a more recent study reported that half of the observed infecitat iaore

than an estimated 42 days and approximately one in four infected episodes lasted more

than 72 days, emphasizing that chronic infections are no exception (Zadbk2003).



Gram-Negative Bacteria

Gram-negative bacteria tend to have a more complex layering in their Bedtrweture.
While the cell wall does contain peptidoglycans, it also contains a complex aresspec
unique, lipopolysaccharide layer (LPS) (as reviewed by Beveridge, 1999).
Lipopolysaccharide, or endotoxin, typically elicits an acute immune response in a
infected animalEscherichia coli is perhaps the primary Gram-negative contributor to

mastitis in dairy cows.

The term ‘coliform mastitis’ frequently is used incorrectly to idenmifgmmary disease
caused by all Gram-negative bacteria. Genera classified as colifiarEscherichia,
Klebsiella, andEnterobacter. Other Gram-negative bacteria frequently isolated from

IMIs include species derratia, Pseudomonas, andProteus.

Gram-negative bacteria are the etiological agents most often isolateadute clinical
cases of mastitis. The severity of clinical cases caused by oolifacteria ranges from
mild local signs to severe systemic involvement. The vast majority of dloottorm
cases are characterized by abnormal milk and a swollen gland. Only about 10% of
clinical coliform cases result in systemic signs including fever, aragrard altered

respiration (Hogaset al., 1989; Smitret al., 1985).



Coliform bacteria do nappear to colonize inside the mammgiand, but multiply in

the secretion withowdttachment to epithelial tissue (Frestl., 1977; Opdebeedit al.,
1988). The primary cellular defense of the bovine mammary gland agairfstraoli

mastitis is the phagocytosis and killing of bacteria by neutrophils (Hill, 1981; Va
Werben, 1997). The peak bacterial numbers in the gland and clinical severityasfedis

are often dependent on the speed and efficiency of the neutrophil response. Thefability

a strain to evade neutrophils is a key virulence factor for coliform bacteria.

Endotoxin, the lipopolysaccharide portion of the Gram-negative bacterial svidig i
primary virulence factor of Gram-negative bacteria responsible forgkatoahe cow.
Endotoxin is released from the bacteria at the time of cell death mrgtiati

inflammatory response. Locally, endotoxin does not directly affect segells, but
disrupts the blood flow (Shustetral., 1991). Decreased milk production during clinical
coliform mastitis results both directly and indirectly from the local astesyic effects

of endotoxin (Hirboeret al., 1999; Hoebest al., 2000). It was reported that about 45%
of the severe cases of coliform mastitis result in bacteremia andeseijatias the blood-

milk barrier is destroyed (Weret al., 2001).

Incidence of coliform IMI during lactation is highest at calving and desge as days in
milk advances. The average duratiorieo€oli IMI during lactation is less than ten days
(Todhunteret al., 1991). Duration of IMI caused W§lebsiella pneumoniae average

about 21 days (Smit#t al., 1985). Chronic infections of greater than 90 days caused by

Eschirichia coli or Klebsiella pneumoniae are relatively rare. A major difference between
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IMIs caused by coliform bacteria and those caused by other Gramweelgatieria is the
duration that bacteria persist in the mammary gland. IMIs caus&e tagia spp. and
Pseudomonas spp. often are chronic infections that may persist multiple lactations

(Hoganet al., 1989).

CLINICAL MASTITIS IN LACTATING COWS

Incidence and Etiology of Clinical Mastitis

Clinical mastitis clinical is defined as the inflammation of the mamrgkand
accompanied by secretion of abnormal milk, some times in combination of a swelling
udder, and a few times also combined with a systemically sick animal. Qtigatit
information on the incidence and etiology of clinical mastitis in North Aragsiccarce

in comparison with European countries. Three North American studies repusted t
information from non-randomly selected dairy herds from nationwide Canada,dOntari
and Pennsylvania respectively (Riekeratkal., 2007; Sargearst al., 1998; Erskinest

al., 1988) (Table 1.1). A 22.4% lactational risk and 20.4 cases per 100 cow-years
incidence were reported in the Canadian studies. The mean incidence of clastam
in herds with low SCC was 4.23 cases / 100 cows / month and for high SCC herds 2.91
cases / 100 cows / month in the USA study. In a recent report from Wisconsin where
herds were investigated due to mastitis problems, the clinical mastitisnce reported

was of 48.7 cases / 100 cows / year (Cook and Mentik, 2006).
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In the Ontario study, representing the most recent study in the Greatregken, the
bacteria isolated from clinical mastitis cases w&aphyl ococcus aureus (6.7%),
Streptococcus agalactiae (0.7%), othe&reptococcus spp. (14.1%), coliforms (17.2%),
Gram-positive bacilli (5.5%)Corynebacterium bovis (1.7%), and CNS (28.7%). There

was no bacterial growth in 17.7% of samples, and 8.3% of samples were contarttinated.
has been reported that there is a shift towards environmental pathogens asithe maj
causes of clinical mastitis in the USA, Canada and several European Go(Anoe,

2001; Green and Bradley, 1998). However, there are significant differences in the
etiology of clinical mastitis cases among those countries. Even within aygadhete are
differences in the bacteria isolated in the different regions, due to clamdteairy

management differences (Guterbatlal., 1993).

Antibiotic Therapy Efficacy for Mastitis Pathogens

Gram-Positive Bacteria

The Gram-positive bacterial cell wall is composed almost entirelypiiduoglycan

layers (as reviewed by Navarre and Schneewind, 1999). Many of theseoindeaute

sensitive to antibiotics available to administer by the IMM route in lagt@bws,3-

lactam antibiotics, since they inhibit cell wall synthesis by targetpdighoglycans.

A retrospective cohort study in New York determined that IMM therapy was not

beneficial for clinical mastitis caused by most pathogens other tharostregit (Wilson
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et al., 1999). In another experimental stuslyeptococcus uberis induced infections
benefited from administration of IMM therapy compared with infectionsedeaith
oxytocin only (Hillerton and Semmens, 1999). Similarly, field studies have found that
IMM antibiotic therapy was beneficial for Gram-positive organismé sicStreptococci
and coagulase-negative staphylococci, but ineffective for Gram-negativiedidat al .,
1994; Robersost al., 2004). In a clinical trial in three Californian dairies, bacteriologic
cure assessed at 4 and 20 days after treatment with amoxicillin, caphaparxytocin

(no antibacterial) did not differ for mild clinical mastitis cases calryeany pathogen,
although antibacterial treatment resulted in better clinical cure i@teases caused by
pathogens other than streptococci and coliforms (Guteriatk 1993). A study
conducted at the University of lllinois dairy herd compared antibiotic admatian in
conjunction with supportive measures versus supportive measures alone fagritexdtm
clinical mastitis. The authors reported that when mastitis was causibtpcoccus

spp. or coliform bacteria, clinical cure rate by the tenth milking was gigntfy greater

if antibiotics were used, and bacteriologic cure rate at 14 days wascsigtiyf greater
when antibiotics were used, particularly if mastitis was caus&lr ggtococcus spp.

(Morin et al., 1998). An economic analysis of California data, however, determined that
although milk production and survival in the herd did not differ between antibacterial-
treated and non—antibacterial-treated cows, the rate of both relapsesuandgeases
was higher in non-antibacterial-treated cows, especially amongostoeptl cases (Van
Eenennaanat al., 1995). A case report from a Colorado dairy also reported an acute

increase in incidence of clinical mastitis, prevalence of IMI, and subseiguesdse in
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herd somatic cell count associated with streptococcal IMI following adoptionari-a

antibiotic approach to treat clinical mastitis (Cattell, 1996).

Saphylococcus aureus mastitis poses difficult therapeutic problems because of several
exposed pathogenesis and pathophysiology factors. Reported cure rates for
Saphylococcusaureus mastitis vary considerably. The probability of cure depends

cow, pathogen, and treatment factors. Cure rates deegvithsecreasing age of the cow,
increasing somatic cell coumgcreasing duration of infection, increasing bacterial colony
counts in milk before treatment, and increasing number of quartecsed. The most
important treatment factor affecting cure is treatndenation. Increased duration of

treatment is associated wititreased chance of cure (Barkeehal., 2006).

Gram-Negative Bacteria

Gram-negative bacteria tend to have a more complex layering in their Bedtrweture.
While the cell wall does contain peptidoglycans, it also contains a complex aresspec
unique, lipopolysaccharide layer (LPS) (as reviewed by Beveridge, 1999).
Lipopolysaccharide, or endotoxin, typically elicits an acute immune response in a
infected animalEscherichia coli is perhaps the primary Gram-negative contributor to
mastitis in dairy cows. Because many antibiotics target peptidomyt@atment of
Gram-negative bacteria proves difficult in comparison to Gram-positive pathogens

(Pyoréléet al., 1994).
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The efficacy of antibiotics was also questioned on the basis of knowledge of the
pathophysiology of coliform mastitis (Pyoraéal., 1994; Erskinet al., 1992), which
includes the spontaneous rapid drop of milk bacterial counts 8 to 24 h after infection and
the risk of a massive release of bacterial endotoxins induced by antimisr@tilaét al .,
1978; Pyorélat al., 1994; Shenep and Mogan, 1984; Shesigp., 1985). Clinical
recognition of coliform mastitis usually occurs after peak bacterial nimhiaere been
attained (Hillet al., 1979; Andersoset al., 1985; Erskine at al., 1992). Thus, by the time
therapy is initiated, maximal release of endotoxin has likely occurred, wisels ra
concerns regarding the advantages of antibacterial therapy in afiguiai effects of
acute coliform mastitiKlebsiella spp. infections last significantly longer thncoli
infections and are not likely to respond to antibiotic treatment (Sanath, 1985;

Robersoret al., 2004).

Field trials and trials with experimentally induced coliform mastitigelfailed to prove

the efficacy of antimicrobial treatment. In a retrospective cohory/stuldacteriological

cure rates for untreated case&otoli andKlebsiella spp. were high, 85% (Wilsast al.,
1999). Cows experimentally challenged withcoli and dosed with 500 mg of IMM
gentamicin q 14 hrs did not have lower peak bacterial concentrations in milk, duration of
infection, convalescent somatic cell or serum albumin concentrations in milkfair rec
temperatures, as compared to untreated challenged cows (Etsking992). In a
Californian clinical trial, bacteriologic cure and clinical cure did ntfedafter treatment

with amoxicillin, cephapirin, or oxytocin (non-antibacterial) for mild clihicestitis

cases caused by coliforms (Guterbethl., 1993). Another field trial intended to

15



determine the efficacy of 4 methods (IMM amoxicillin, frequent milkout, a combined
IMM amoxicillin and frequent milk-out, and no treatment) for managing mild to
moderate clinical mastitis in a university dairy herd. Treatment methodragp® have
little effect on clinical and microbiological cures, milk production, dssgarogression,
and California Mastitis Tests scores Eorcoli mastitis, as nearly all cases recovered
within a short time frame (Robersenal., 1994). Similarly, one other field study found
that IMM antibiotic therapy was ineffective for Gram-negative miraary infections
(Hallberget al., 1994). The controversy over the use of antimicrobial treatment for
coliform mastitis is further heightened by a controlled experiment atrhekgity of
lllinois dairy herd, showing that clinical and bacteriological cure ratre wignificantly
higher in clinical mastitis cases caused by environmental streptocamiform

bacteria when treated by IMM administration of cephapirin and/or intravenous
administration of oxytetracycline (Morigt al., 1998). The interpretation of that study is
problematic, however, because data from two very different bacteriologicadsyy

streptococci and coliforms, had been pooled.

Economics of Clinical Mastitis Therapy

The 2005 Bulleting of the International Dairy Federation (IDF) evalgdhie economic
cost of mastitis estimates a € 270.33 cost for a clinical case of makitistreated
immediately after detection. The IDF classifies the total costmitali mastitis on five
main fractions: a) extra labor cost; b) losses due to decreased milk qydbsses due

to less efficient milk production from chronic subclinically infected cows$pshes due
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to discarded milk, costs of antibiotics for treatment, and veterinary fees; bsdey due
to increased replacement rate and/or culling of cows at sub-optineaintilmctation. The
loss due to therapy is very obvious and visible, and consists of value of discharged milk,
value of fed milk minus saved calf feed, veterinary fees, cost of antibiotics or other

therapeutics, and extra labor due to therapy.

In a study where the cost of clinical mastitis was estimated to begtiean $100/case

and averaged $40 to $50 per cow in herd per year, decreased milk production and milk
withheld from the market were reported as the main economic losses ($90 per case
which was 85% of the estimated losses) (Hodtlat., 1991). Discarded milk following
treatment may account for as much as 73% of lost marketable milk, and in herds that do
not have a judicious treatment program, losses from discarded milk alone can exceed
$100 per cow in the herd per year (Bartlett, 1991). In addition, economic loss due to
discarded milk may be comparable with the loss caused by decreased milk production.
There is a difference, however, in that discarded milk is produced by the cows, whic
means that feeding costs for that amount of milk have to be taken into account with the
calculations. Thus, there is increased awareness among producers artreatated

costs and the economic costs of extensive antibacterial therapy forsr{&stkinest

al., 2003).

Contrary to the expected reduction in discarded milk in a non-antibiotic geaitm

regimen, a clinical trial evaluating two antibiotic treatment reginagasone based just

in the administration of oxytocin found that the cost of treatment, calculated mgaddi
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the cost of the therapy to the value of the milk withheld, did not differ between one of the
antibiotic treatments and the non-antibiotic regimen. Treatment costgipede of

clinical mastitis were as follows: $54.47 when 62.5 mg of IMM amoxicillin were
administered every 12 h for three milkings with a 96 h milk withdraw; $38.53 when 200
mg of IMM cephapirin were administered every 12 h for two milkings with a 60 h milk
withdraw; and $34.88 when 100 U of intramuscular oxytocin were administered every 12
h for three milkings and no milk withdraw. The oxytocin treatment costs ma@r

significantly lower than for amoxicillin because some of the affected qaanténe

former group required an increased number of milkings before milk returned tol norma
appearance (Van Eenennaanal., 1995). However, authors recognized that the milk
withhold costs for the cows in the oxytocin group included milkings during which cows
were producing grossly normal milk following their recovery from miastiut those

cows remained in the hospital string to allow sample collection along with thei
contemporary antibiotic treatment group. In this study, there was no treagfigaton

total milk production, fat production, or time to removal of the enrolled cows from the

herd.

In a study where cows with clinical mastitis were given eithebemics in addition to
supportive treatment, or supportive treatment alone, a cost analysis that incilkded m
loss and treatment costs was performed (Shiah, 2004). Cows with clinical mastitis

that were given only supportive treatment lost 230 + 172 kg more milk and incurred $94
+ 51 more cost per lactation than cows given antibiotics and supportive treatment. In

order to calculate total milk losses per lactation the actual amount of dbcaldevas
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added to milk yield loss. Furthermore, cows given only supportive treatmentdhowe
response pattern of 305-d milk yield loss and economic loss per lactation that2verie

3 times as much as cows treated with antibiotics.

Previous studies were able to quantify the economic impact of clinicatisias@atment
associated costs. However, the potential reduction in treatment costs and disulkde

of a non antibiotic treatment regimen have not yet been fully captured.

To summarize, it has been reported that more than half of cultures from aiiaistiis
cases Yyield no growth or are Gram-negatives. These cases ofl chiagtdis may not
benefit from IMM antibiotic therapy. Conversely, Gram-positive IMI bgrieom IMM
therapy. The selective treatment of clinical mastitis might reduagrtest related costs,

and promote judicious use of antibiotics.

SUBCLINICAL INTRAMAMMARY INFECTIONS IN COWS AFTER

PARTURITION

Dry Period Intramammary Infections Dynamics

The importance of the dry period in the control of contagious mastitis has been

recognized for more than 50 years (Neeva., 1950). Many contagious mastitis

infections (especially infections caused3gphylococcus aureus and Streptococcus

agalactiae) are subclinical. The use of dry cow therapy is a well-established and cost-
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efficient method of eliminating subclinical mastitis infections. The ingrar¢ of the dry

period in the control of environmental mastitis has been more recently recognized.

Researchers in the United States have found that of all new intramamrary Gr
negative infections, 61% occurred during the dry period. Environmental Gram-positive
bacteria also infect the udder during the non-lactating period (Todletiater1991).

Those investigators also reported that 50.5% of new IMI with environmentabswept
occurred in the non-lactating udder - a rate of new infection 5.5 times greatelutinzy

lactation (Todhunteet al., 1995).

Studies in the United Kingdom investigating the significance of IMI thigse major
pathogens during the non-lactating period highlighted the importance of consiugning
infections before calving. They quantitatively assessed the irpdot-period IMI on
clinical mastitis during the next lactation. Intramammary infectionarad during the dry
and immediate post-calving period, incretiserisk of clinical mastitis in the next
lactation. They reported that 55.6% of clinical mastitis cases daiesfococcus uberis
and 33.3% of cases dueSweptococcus dysgalactiae were caused by new infections
originally acquired during the dry period. This mastitis occurgataer rate after
calving than mastitis not associated wvdtl period infections (Bradley and Green, 2000;

Bradley and Green, 2001; Gregral., 2002).

In one study DNA fingerprinting of enterobacterial strains was (Bediley and Green,

2000). Of all the coliform mastitis events monitored during the first 100 d tatilae,
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52.6% resulted from an infection originally acquired during the previous non-lgctatin
period. Another study reported that over 60% of clinical mastitis events fite gz
which the sampathogen was identified during the dry period, occurred wittonweeks
of calving, and 90% occurred within 150 days of calving (Getah, 2002). This was in
contrast to the approximately constant rate of clinical magtitiag lactation that
occurred in quarters from which the sgmaghogens were not cultured during the dry
period. It was concluded that the pattana rate of clinical mastitis over lactation on a
dairy farmcan give an indication of the impact of dry peribd on clinical mastitis and

moreover, the areas to target preventieasures.

Prevalence and Etiology

Reported prevalence of quarter IMI at parturition in North-American stuangges from

29% to 63% (Foxt al., 1994; Robersost al., 1994; Kirket al., 1996; Oliveret al.,

1997; Sargeardt al., 2001; Goddeset al., 2003; Wallacet al., 2004). At the cow level,
Sargeantt al. (2001) reported a prevalence of infection of 71%. In that study 25.2, 26.0,
13.7, and 6.1% of the infected cows had 1, 2, 3, and 4 quarters infected, respectively. The
same prevalence of infection was reported in a study where composite quikrter

samples only from heifers were collected after parturition (&igt., 1996). A lower
prevalence of infection was reported by Robertah. (1994), with 55% of the heifers

and 44% of the cows infected in the first 4 days after calving. Coagulase-negative

staphylococci and environmental streptococci are the most common cutulte &t
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parturition. Intramammary infection prevalence and etiology for thaquirsly cited

studies are reported in Table 1.2.

Antibiotic Therapy Efficacy

Controlled studies evaluating the efficacy of antibiotic therapy for IMly @alactation
are scarce and few, with the ones carried out reporting mixed results. Rgstiaher
(2002) evaluated the response to therapy with IMM cephapirin sodium on California
Mastitis Test (CMT) positive quarters in fresh cows on cure rates and SC& It w
determined that by the 4-week post-calving evaluation, quarters treated phitipoen
sodium had significantly increased cure rates, and somatic cell countsigvefieantly
reduced, as compared with untreated control quarters. Conversely, Véalhd2004)
also randomly assigning cows with CMT-positive quarters to receive dilivé
cephapirin sodium or no treatment, found that there was no difference in cure rates for
IMM antibiotic-treated quarters for major pathogens compared to the udtceatiols.
However, there was an advantage for cure rates using antibiotics agairstmewial
streptococcal infections. Quarters with streptococci infections weren&S tnore likely

to cure if treated with sodium cephapirin.

Similarly, the efficacy of antibiotic therapy for treating IMisthe immediate prepartum
period is also controversial. A series of trials evaluating the effisBpyepartum IMM
antibiotic therapy on mastitis in heifers concluded that prepartum IMM amtibiot
infusion of heifer mammary glands at 7 or 14 d before expected parturitiomwas a

effective procedure for eliminating many infections in heifers durirggdastation, and
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for reducing the prevalence of mastitis in heifers during early lastahd throughout
lactation (Oliveret al., 1992; Oliveret al., 1997; Oliveret al., 2003; Oliveret al., 2004).
Prepartum antibiotic-treated heifers had a lower prevalence of madtisypas

isolation throughout lactation, produced significantly more milk than control heifers

had significantly lower somatic cell count scores than untreated controksh@iereret

al., 2003). In this study, prepartum antibiotic-treated heifers produced 531 kg more milk
than heifers in the untreated control group. Conversely, a multi-state, multitineyd s
reported that, although prepartum IMM antibiotic therapy did reduce the numieifef

IMI postpartum, milk production, SCC, and reproductive performance during the first
200 d of the first lactation were not significantly affected by treatmesrng®t al .,

2006).

Economic Impact

A Belgian study used monthly DHIA data to study the relationship betweeneglevat
somatic cell count (SCC) measured in the first 2 wk after calving and SCC agsebs
months of the first lactation. Elevated SCC in early lactation was assbevdah elevated
test-day SCC, and a higher probability of test-day SCC exceeding 200,000I¢€lks/m
Vliegheret al., 2004). Elevated SCC in early lactation in heifers was associated with a
decrease in lactation milk production (De Vlieghieal., 2005a). In this study there was
also a positive association between SCC of dairy heifers in earlydactetd the culling
hazard during the first lactation (De Vlieglet@l., 2005b). For each unit increase in the

log-transformed SCC in early lactation, the culling hazard increased®byBlgvated
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SCC in early lactation was also found to increase the probability of clinastltra over
the first lactation (Rupp and Boichard, 2000). Conversely, in a study conducted in a
single Californian dairy, environmental streptococcal and coagulasghreeg
staphylococcal infections in early lactation had no relationship with SC@kor m

production in first-lactation heifers (Kirdt al., 1996).

The relationship between subclinical mastitis defined by milk culture dearly

lactation and subsequent reproductive performance in Jersey cows waseeval tia¢
University of Tennessee dairy herd. Cows with subclinical mastitiséo&fet

insemination had increased days to first breeding service (74.8 £ 2.7 d), increased days
open (107.7 £ 6.9 d), and increased services per conception (2.1 £ 0.2) as compared with
controls (67.8 £2.2d, 85.4 +5.8d, 1.6 £ 0.2). Subclinical mastitis followed by clinical
mastitis resulted in the most severe loss in reproductive performanciek®tht.,

2000).

To summarize, subclinical mastitis IMI at calving is highly prevalent, asdrhgortant
consequences in cow health and production throughout the future lactation. The
successful identification and treatment of those infections immedidtehparturition
before milk is saleable, has the potential to diminish the disease econonpaet,im
while treatment related costs are reduced. However, similarly toallimastitis,

treatment may only benefit Gram-positive IMIs.

ANTIBIOTIC USAGE ON DAIRY FARMS
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Antibiotic Usage Rates

Antibiotics are used largely for three purposes in animals: therapeutic usattsick
animals, prophylactic use to prevent infection in animals and as growth prorooters t
improve feed utilization and production. In the United States, a limited number of
antimicrobial drugs are marketed for IMM treatment of mastitis.rictiobial classes
includep-lactams (penicillin, cephapirin, ceftiofur, amoxicillin, hetacillin, and
cloxacillin), macrolides (erythromycin), coumarines (novobiocin), and lincakzsmi

(pirlimycin) (FDA—Center for Veterinary Medicine, 2007).

Mastitis has been recognized as the most frequent reason for antibiotidactating

dairy cattle (Sundloét al., 1995; Mitchellet al., 1998). However, those studies did not
guantify the density of use. In a recent study in 20 Wisconsin conventional dairies, 80%
of all antimicrobial drugs used were used for treatment or prevention of sn@itil
compounds for clinical mastitis, 38%; parenteral compound for clinical ma%ués;

dry cow therapy, 28%). Parenteral antimicrobial drugs used for the treaifmaastitis
accounted for about half of the parenteral usage and 17% of the total usage in adult cows
(Pol and Ruegg, 2007). In order to estimate antimicrobial drug exposure at theviakm |
the authors, characterized a veterinary drug defined daily dose (DDD) aaximeum

dose that a standard animal (BW = 680 kg) would receive if it were trealadifg the
FDA-approved label dosages. Density of antimicrobial drug usage was expregsed as

number of DDD per adult cow per year. On conventional farms, the estimated overall
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exposure to antimicrobial drugs was 5.43 DDD per cow per year, composed of 3.58 and
1.85 DDD of IMM and parenteral antimicrobial drugs, respectively. Of totM IM
antimicrobial drug usage, treatment of clinical mastitis contributed 2.02 &bipared

with 1.56 DDD attributed to the use of dry cow therapy. Of total parenteral treatme

the distribution of exposure was 0.52 (dry cow therapy), 1.43 (clinical magdtsient),

0.39 (treatment of foot disease), 0.14 (treatment of respiratory diseas8)3and

(treatment of metritis) DDD. For treatments of foot infections (0.33 DD&3piratory
infections (0.07 DDD), and metritis (0.19 DDD), the mean density of ceftiofur weage

significantly greater compared with other compounds.

Public Health Concerns

Problems attributed to the use of antibiotics in food producing animals include those of

antibiotic residues and the potential for development of antibiotic resistance.

Until relatively recently, controls on antibiotic use in animals focusedstlmlusively

on the control of residues in the tissues of treated animals. Concerns about residues
revolve around allergic reactions and the possible adverse effects on tlue fleea

human gastrointestinal tract by selecting for resistance or transsistance (Barton,

2000). Data for 1994 through 1997 from a large milk marketing cooperative that operated
in multiple states throughout the northeastern and midwestern United Stated teat
violative antimicrobial residues were detected at a rate of 7.8 violdtj606/herd-years

(Savilleet al., 2000). Another retrospective study, were data included results from all
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licensed dairy farms in the state of Wisconsin for the period of January 1995 through
November 1998, reported a rate of detected antimicrobial residues of 4.9 violations/1000
herd years (Ruegg and Tabone, 2000). Milk quality data from March 1999 to December
2000 from five of the largest milk plants operating in New York State showed the
average number of antibiotic residue violations in the pool of milk was 3.9
violations/1000 herd years. Interestingly, 82% of the residue violations Watedrto

the treatment of mastitis in a USA study (Reneau, 1993). Also, Michigan Depadiment
Agriculture records, collected from Michigan dairies that had an occurrence ofomnibi
residues in marketed milk from 1995 to 2000, revealed that antibacterial therapy of
mastitis accounts for 90% of the inhibitory residue occurrences (Ertlkahe2003).

The risk of an antimicrobial residue violation was associated with the fregoeidM
antibiotic use, and so also associated with the number of clinical mastitiersavith

an antimicrobial residue violation reported 2.01 cows treated with antibiotics per mont
and controls, where as residue-free farmers reported 1.28 cows treated fer mont

(McEwenet al., 1991).

Resistance to antibiotics associated with the use of antibiotics in ansncalsently an

issue of principal concern. First, there are concerns about potentiarfstetr of
antibiotic-resistant pathogens through the food chain and the risk of transfabmitiznt
resistant genes from animal enteric flora to human pathogens. Second, there isafoncern
reduced efficacy of antibiotic therapy in animals colonized with regibtcteria

(Barton, 2000). Resistance of mastitis pathogens to antimicrobial agentslis a w

documented challenge in dairy cows (Owetnal., 1997; Erskinet al., 2002; Makovec
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and Ruegg, 2003; Pitkaghal., 2004; Pol and Ruegg, 2007). Resistance to antimicrobial
agents in mastitis pathogens has two relevant aspects: The first is a reductierates
after treatment of clinical mastitis cases (Owetrdd., 1997; Sokt al., 2000). The second
issue is the potential impact of transmission of resistant bacteria to huadnes food

chain (Barton, 2000). The World Health Organization (WHO) has stated that any use of
antimicrobial agents is associated with the risk of inducing resistancertocaobial

agents among bacteria (WHO, 1997).

To summarize, mastitis has been recognized the most frequent reasorbfoti@nse in
lactating dairy cattle. Problems attributed to the use of antibiotickddreatment of
mastitis include those of antibiotic residues and concerns about developmeitiiofiant
resistance. Given these concerns, any new techniques developed for contreitisf mas

must promote the judicious use of antimicrobials on farms.

ON-FARM DIAGNOSIS OF INTRAMAMMARY INFECTIONS

Microbiological Culture

Rapid on-farm culture systems may allow producers to make strategitseesatment

decisions, which could result in a significant reduction in on-farm antimicrobial/lige

maintaining or improving treatment efficacy and preserving the future produc

potential of the cow. Added benefits could include reduced overall treatment costs

28



reduced risk for antimicrobial residues in milk, and reduced risk for the potential

development of antimicrobial resistance in mastitis pathogens (Getlden2007).

The Minnesota Easy Culture System Il (University of Minnesota, St. Paul, &N
commercial on-farm culture system, offers two different types of sedemtilture media
systems. The Bi-plate system is a plate with two different types affdgaConkey agar
on one half selectively grows Gram-negative organisms, while Factooagae other
half of the plate selectively grows Gram-positive organisms (Stapigdoand
Streptococci). Alternately, the Tri-plate system is a plate witlettiéerent types of
agar: in addition to including MacConkey agar (Gram-negative growth) anal Baetr
(Gram-positive growth), it also includes a section of MTKT agar whicalectve for
Streptococci. Producers dip a sterile cotton swab into the milk sample then awaly it
the media surface (estimate 0.1 ml plating volume). The plate is incubated irffaamon-
incubator at 37 °C and is read at 24 hours. If no growth is observed, plates are rechecked

after 48 hours then discarded.

Another commercial OFCS is the Petriflm™ system (3M Microbiology. St., Ré).
Ruegg (2005) reported that Petrifilm™ products that are potentially useful ¢prodia
of mastitis include Petrifilm™ Aerobic count plates, Coliform count plates anuh Sta
Express count plates. In a recent evaluation of the Petriflm™ method, thevggrasit
specificity of the Petriflm™ method and standard laboratory microbiologictdoddor
isolation ofStaphylococcus aureus was 87.5% and 65.6%, respectively (Sival.,

2005). However, the diagnosis &iphylococcus aureus using the Petrifilm™ Staph

29



Express method was highly dependent upon the ability of the individual reading the test

to observe variations in colony color.

The HyMas? Bacteriological Test System, a selective media bacterioldgisesystem
for detection of Gram-positive (Staphylococci, Streptococci) and Graniwvega
(coliform) organisms in milk, has been shown to have high specificity and moderate
sensitivity, compared with the gold standard of bacteriologic culture of milk in a
laboratory setting (Jansehal., 1999). At 12 hours, the sensitivities were low and less
consistent between readers ranging between 26 to 40%. With time the sgnsitivit
improved, but still was low compared to the ability to correctly identify Gpasitive
growth. At 36 hours, false-negative results varied between 33% and 56%, wieHe fals
positive results varied between 31% and 43%. The HyMastis no longer

commercially available in the United States.

Somatic Cell Count

Somatic cells are comprised of leukocytes and a small percentage of ajpcibiédi
Leukocytes consist of macrophages, lymphocytes, and polymorphonuclear neutrophils
(PMN). The macrophages are involved in immune recognition and are the predominant
cell type present in milk from uninfected quarters (66-88%) (Ostensson, 12&Hh@&@m,
1995). Lymphocytes are responsible for immune memory. Polymorphonuclear
neutrophils are the primary means of defense against an invasion of the maylaméry

by microorganisms. The proportion of total somatic cell count (SCC) thatitiophils is
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only 1-11% in a healthy quarter but increases up to 90% or more in a quarter with IMI

(Sandholm, 1995).

There are various automatic methods for somatic cell counting. The staaioianatdry
method is the electro-optical Fossomatic method (Foss, Hillerad, Denmalik5 GAC

has been used extensively as an indirect indicator of IMI. The sensindtgpecificity

of using a threshold of 200,000 cells/ml for determination of quarter infection stetus
been evaluated in several studies. The reported sensitivities range from 73-89% and
specificities from 75-85% (Ruegg and Reinemann, 2002). However, more recengy it wa
suggested that the SCC for a composite milk sample from a cow should not exceed
100,000 cells/ml (Kromkest al., 2001). Lactation stage affects the SCC; immediately
after parturition SCC is high. This decreases quickly to the normal leitbis 3 days in
healthy quarters but remains high in the infected ones. Thus it may be possible that
guarter SCC can be used early post partum to detect IMI (Bateahal999). In a

study of newly calved cows, when using a threshold of 100,000 cells/ml for quéker
samples, the accuracy for detection of IMI was the best on day 5 post-calvimgihis
sampling scheme the sensitivity and specificity to identify infectedeysavas 57.4%

and 72.3%, respectively (Sargeanél., 2001).

A recent review paper used meta-analysis to study the effect of diffeteagpas on
quarter SCC (Djabri, 2002). The average SCC for bacteriologically negatiterguaas
68,000 cells/ml, average SCC for quarters infected with minor pathogens wasrbetwee

110,000 cells/ml and 150,000 cells/ml, and that for quarters infected with major
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pathogens was higher than 350,000 cells/ml. The highest mean value was found in
mastitis caused by coliforms aBdeptococcus uberis (over 1 million cells/ml), and the

lowest in IMI caused by corynebacteria (105,000 cells/ml).

California Mastitis Test

The California Mastitis Test (CMT) was developed in 1957 to detect abnormal milk
(Schalm and Noorlander, 1957), and is an indirect measure of leukocytes in milk
(Barnum and Newbould, 1961). Anionic detergents lyse white blood cells present in milk
and lead to gel formation with DNA. Bromcresol purple is used as an indicator of pH.
The CMT has been used since then as a rapid, inexpensive, and convenient cow-side
screening tool for identification of subclinical infection in quarter milk (NM@99).

The CMT reagent-milk mixture gels in proportion to the number of leukocytes (somatic
cells) present in the milk (CMT score system: negative, trace, 1, 2, or 3). Thedbilit

CMT to identify quarters with IMI has been evaluated extensively, witlabi@results.

CMT was studied as a tool to select cows for dry cow therapy, and was founcetdlgorr
identify 75-80% of the cows which needed the therapy, depending on the study and type

of the mastitis pathogen (Poutrel and Rainard, 1981).

Recent studies using the CMT test in the first week after calving hggested that
there may be potential for its use as a screening tool to identify subcliMiadal fresh
cows (Sargeardt al., 2001; Wallace et al., 2002; Dingwetlal., 2003). It was

determined that using a threshold reaction of greater than zero was the optimpaimt cut
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for detecting IMI. With this sample scheme, the sensitivities for deteldfihgith any
pathogen, IMI with a major pathogen, and IMI with a minor pathogen were 56.7%,
66.7%, and 49.5%, respectively. Respective specificities were 56.2%, 54.8% and 56.2%
(Sargeantt al., 2001). In one study, where quarters were tested between 1-3 DIM and
also a threshold reaction of greater than zero was considered positiverepodsd a

lower sensitivity for detecting IMI with a minor pathogen and higher ovgraticities
(Wallace et al., 2002). In this study the sensitivity and specificity of th& @major
pathogens was 55.5% and 85.5%, respectively. For minor pathogens, the sensitivity was
18.5% and the specificity was 82%. In another study, when the test was perforined in t
first week after calving and any level of CMT reaction was considered to loatindiof

an IMI, with a prevalence of 10% IMIs, the sensitivity, specificity, pesipredictive

value, and negative predictive value were 68.8%, 71.5%, 21.1%, and 95.4%, respectively
(Dingwell et al., 2003). Thus, if the CMT vyielded a negative result, the producer could

be 95% certain the quarter was truly uninfected. However, if the test yieldetizepos

result, there was a 79% chance that it was a false-positive result.

Newer rapid on-farm tests to measure or estimate SCC include the PoftaSCC
(PortaScience, Portland ME) and the Delaval Direct Cell Counter (D@Cgcént
evaluations of these two tests, when subclinical mastitis was defined basedeshaldhr

of 200,000 cells/ml, the agreement observed between SCC and either PortaSCC or the

Delaval DCC was 88.0% and 95.4%, respectively (Ruegg, 2005).
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To summarize, in order to identify quarters affected with mastitis iofecthat could
benefit from antibitiotic therapy and make judicious use of antibiotics ay;dalire is a
need to develop and validate tools to make a rapid and accurate on-farm diagnoses of
presence and etiology of infection. Studies using the CMT test in the fist week af
calving have suggested that there may be potential for its use as a scieartimg

identify subclinical IMI in fresh cows. However, due to the high false pos#iteeiras

been suggested that a rapid and accurate method for determining ibmfegiresent in
CMT-positive quarters, and type of pathogen present, would benefit producersmOn fa
culture, is a rapid and inexpensive tool, could conceivably be used to a) diagnose and
guide strategic treatment of clinical mastitis cases, and b) use in comjuas a

screening tool (such as CMT), to diagnose and guide strategic treatmeitlofisal

IMI in cows after parturition.

LITERATURE REVIEW SUMMARY

Clinical and subclinical mastitis in dairy cattle is a common and cos#gsksthat also

has potential repercussions on public health. There is a need to develop and validate new
management strategies that reduce its impact on cow health and dairy production
economics, while ensuring the quality and safety dairy food products. This review
discussing epidemiology and treatment of clinical mastitis duringtlant and

subclinical mastitis after parturition, brings to light opportunities irtrimeat decisions,

and introduces potentially useful new diagnostic tools.
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It has been reported that more than half of cultures from clinical mastges yield no
growth or Gram-negative bacteria. These cases of clinicaltreastly not benefit from
IMM antibiotic therapy. Conversely, Gram-positive IMI benefit fromMMherapy. The
selective treatment of clinical mastitis might reduce treatméatececosts, and promote

judicious use of antibiotics.

Subclinical mastitis IMI at calving is highly prevalent, and has importanecoesces in
cow health and production throughout the future lactation. The successful identificati
and treatment of those infections immediately after parturition befdkasrsaleable,

has the potential to diminish the disease economical impact, while treathated ocosts
are reduced. However, similar to clinical mastitis, only Gram-posiiMe inay benefit

from antibiotic therapy.

Finally, in order to identify quarters affected with mastitis that befogm antibitiotic
therapy and make judicious use of antibiotics a reality, there is a need topdane|
validate tools to make a rapid and accurate on-farm diagnoses of the presence and

etiology of infection.

Qualitative measures of somatic cell count such as the CMT, though possible a useful

screening tool, is unlikely to fit this purpose because of the a) high false/paait to

detect IMI, and the b) need to classify type of pathogen present.
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On farm culture, a rapid and inexpensive tool, could conceivably be used to a) diagnose
and guide strategic treatment of clinical mastitis cases, and b) useuna®n as a
screening tool (such as CMT), to diagnose and guide strategic treatmebtlofisal

IMI in cows after parturition.

The objectives of this thesis project are to:

a) Evaluate the efficacy of an on-farm culture system for stratiesgitment of clinical
mastitis.

b) Evaluate the efficacy of two programs designed to diagnose andutrekisal
intramammary infections after parturition.

c) Validate an on-farm culture system (Bi-Plate Minnesota Easyi@ulystem II).
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TABLES

Table 1. 1. Incidence and etiology of clinical mastitis in tBeeat Lakes North-American region.

Etiology’ (% of samples)
NG CNS CPS SAG NAGS COLIF OTHER

References Incidente

Riekerinket al., 2007

(Canada, Nationwide) 22.4 39.6 5.9 10.4 0.1 13.8 13.9 7.2
Sargeantt al., 1998

(Canada, ON) 204 17.6 28.5 6.7 0.7 141 17.2 7.2
Erskineet al., 1988

(USA, PA) - High SCC 35 8.8 18.3 415 12.6 8
Erskineet al., 1988 51 28.6 05 0 123 435

(USA, PA) - Low SCC

YIncidence = number of cases per 100 cows per year.

NG = no growth; CNS = coagulase-negative staphylogs; CPS = coagulase-positive staphylococcus;
SAG =Streptococcus agalactiae; NAGS = non-agalactiae streptococcus; COLIF =foaiis; and OTHER
= other pathogens.
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Table 1. 2. Intramammary infection prevalence and etiologwitk samples collected within 5 days after

parturition.
Quarter / Cow Etiology’® (% of samples)
References Prevalence of

M1 NG CNS CPS SAG NAGSCOLIF OTHER
(L):;’fi;egaéml??gal G 53 372 0 -~ 87 06 -
(L):;’fi;egagml??;” , 63(QF 47 534 17 - 50 08 -
Egétei;ll 3334 36 (QF 64 218 2.8 7.7 —~ 35
(L;:C‘]t'dzeznig' 'b|2|\5|)03 29 (QF 71 105 26 012 102 94 11
iﬁ‘rfaegf‘zga'bl'l\AZOOl 36 (QF 64 179 1.9 - 50 1.9 33
ﬂfﬂiﬁﬁi?’b’l ,5'004 31 (QF 69 132 35 - 72 35 -
f:ctielrsoret al., 1994 55 (Cf 45 39 8 7 6
Eg;elt al., 1996 71 (CY 29 39 -~ o 11 16 1
Robersoret al., 1994 44 (Cf 56 19 13 5 5

Lact >2

YMI = intramammary infection

%Q = quarter prevalence; C = cow prevalence.

3NG = no growth; CNS = coagulase-negative staphylogs; CPS = coagulase-positive staphylococcus;
SAG =Streptococcus agalactiae; NAGS = non-agalactiae streptococcus; COLIF =foniis; and OTHER

= other pathogens.
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CHAPTER Il

THE SELECTIVE TREATMENT OF CLINICAL MASTITIS BASED
ON ON-FARM CULTURE RESULTS HALVES ANTIBIOTIC USE

AND TENDS TO REDUCE MILK WITHHOLDING TIME WITHOUT
AFFECTING SHORT-TERM CLINICAL AND BACTERIOLOGICAL

OUTCOMES

The objective of this multi-state multi-herd clinical trial was to reportherefficacy of
using an on-farm culture system to guide strategic treatmentatecisi cows with
clinical mastitis. Four hundred and twenty two cows affected with mild or medera
clinical mastitis in 449 quarters were randomly assigned to either a)tag@asintrol
treatment program or b) an on-farm culture-based treatment proguariefases
assigned to the positive-control group received immediate on-label intranmamma
treatment with Cephapirin Sodium. Quarters assigned to the culture-baseeérteatm
program were not treated until the results of on-farm culture were deternftere@4ahr
of incubation. Quarters in the culture-based treatment program that showed Gram-
positive growth or a mix infection were treated according to label ingingctising
intramammary Cephapirin Sodium. Quarters assigned to the culture-basednteatm
program that showed Gram-negative or no growth did not receive intramammapyther
The proportion of quarters that received intramammary antibiotic therapydeeof

study assignment was 100% and 44% in quarter cases assigned to the positive-control
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and culture-based treatment groups, respectively. The proportion of quarters that
received secondary (or extended) antibiotic therapy was 36% and 19%, ®assigmed

to the positive-control and to the culture-based treatment groups, respectieety Wwes

a tendency for a reduction in days out of the tank for the milk from cows assigned to the
culture-based treatment prograscows assigned to the positive-control group (5.9 vs.
5.2 days). There were no statistically significant differences betveses assigned to

the positive-control and cases assigned to the culture-based treatment pnodmstanto
clinical cure (2.%s. 3.2 days), bacteriological cure risk within 21 days of enroliment (71
vs. 60%), new intramammary infection risk within 21 days of enrollment/¢580%)

and presence of infection, clinical mastitis recurrence, or risk of rdrfromathe herd

(68 vs. 71%) within 21 days after the clinical mastitis case.

INTRODUCTION

Mastitis has been recognized as the most frequent reason for antibiotic usg cattle
(Sundlofet al., 1995; Mitchellet al., 1998). In a recent study in 20 Wisconsin
conventional dairies, 80% of all antimicrobial drugs used were used for treatment or
prevention of mastitis. Interestingly, 50% of all antimicrobial drugs used wsed solely
for treatment of clinical mastitis (CM) (Pol and Ruegg, 2007). Problenisuaétd to the
use of antibiotics in animals include those of antibiotic residues and the potential
development of antibiotic resistance (Owenal., 1997; Barton, 2000; Set al., 2000;
Erskineet al., 2002; Makovec and Ruegg, 2003; Pitkatlal., 2004; Pol and Ruegg,

2007).
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Another concern, discarded milk following antibiotic treatment may account fauels

as 73% of lost marketable milk, and in herds that do not have a judicious treatment
program, losses from discarded milk alone can exceed $100 per cow in the herd per year
(Bartlett, 1991). In addition, economic damage due to discarded milk may be comparable
with the damage caused by decreased milk production. Thus, there is increase@ssvar
among producers of treatment-related costs and the economic costs of extensive
antibacterial therapy for mastitis (Erskieteal., 2003). However, contrary to the expected
reduction in discarded milk in a non antibiotic treatment regimen, a clinalal tr

evaluating two antibiotic treatment regimens and one based just on the actnomistf
oxytocin found that the cost of treatment, calculated by adding the cost of theytteera

the value of the milk withheld, did not differ between one of the antibiotic treatments and
the non antibiotic regimen. The oxytocin treatment costs were not signiyidandr

than for amoxicillin because of the increased number of milkings required for sohee of t
affected quarters of the oxytocin treated group to produce milk with a normatappea

(Van Eenennaard al., 1995).

It has been reported that 10 to 40% of cultures from CM cases yield no bactevidl gr
(NG) and so do not require antimicrobial therapy (Robeesah, 2003). Another 40%
of positive cultures (Gram-negatives, yeast) are not susceptible to most a@pprove
intramammary (IMM) products. Also, a high proportion of Gram-negative) (GN
infections are quickly cleared by the cow’s own immune system (althougbiatah

persistence of GN infections occurs) (Pyosildl., 1994; Erskinet al., 1992).

52



Conversely, intramammary (IMM) antibiotic therapy is routinely recemded for
infections caused by Gram-positive (GP) organisms su&taglsyl ococcus aureus,
Streptococcus agalactiae, and environmental streptococci species. Based on these
numbers, Roberson (2003) estimated that antibiotics labeled for IMM use would not be

justified for 50 to 80% of CM cases.

Consequently, CM treatment decisions should be based on culture results. However,
laboratory culture has not been routinely utilized by many dairies becadmsetimhé

delay between submission of milk samples and reporting of results. Adoption of rapid on-
farm milk culture (OFC) systems could allow producers to make strategtoent

decisions for CM cases, based on knowing the pathogen involved. The Minnesota Easy
Culture System (University of Minnesota, Saint Paul, MN), a commercial @$t€ns,

offers two different types of selective culture media systems. TipéaRBi-system is a

plate with two different types of agar: MacConkey agar on one half selgaosvs GN
organisms, while Factor agar on the other half of the plate selectively gfedws G
organisms. Alternately, the Tri-plate system is a plate with threeehtféypes of agar.

In addition to including MacConkey agar (GN growth) and Factor agar (GP gratwth)

also includes a section of MTKT agar which is selective for streptococcugéhef on-

farm milk culture for the selective treatment of CM may representreetrdous

opportunity to reduce antimicrobial use on commercial dairy farms withoutisiagyif

the efficacy of treatment or the long-term health and production potential of the cow.
Benefits could include reduced economic cost of therapy, reduced risk of antimicrobial

residues in milk, and a reduction in the potential risk for development of antimicrobial
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resistance in mastitis pathogens. However, many of these potentiatdeeed further

study to confirm and quantify the nature of these proposed benefits.

The objective of this study was to investigate the efficacy of using an g&&€hsto
guide strategic treatment decisions in cows with mild and moderate CM. Ogtcome
evaluated included: a) risk to receive primary IMM antibiotic therapy beaaustudy
assignment, b) risk to receive secondary (or extended) IMM antibiotiptheredays to
return to visibly normal milk (days to clinical cure), d) days of milk withhebadnfr
market (days out of the tank), e) bacteriological cure within 21 days of enrqliineetv
intramammary infection (IMI) risk within 21 days of enrollment, and g) presehc
infection, clinical mastitis recurrence, or risk of removal from herd (Mgi®)in 21 days

of enrollment.

MATERIALS AND METHODS

Study Design

A randomized controlled field trial was conducted between June 2005 and April 2007 in
8 dairy herds. In each herd cows were enrolled into the study for a period not longer tha
6 months. These herds, 2 in Minnesota, 5 in Wisconsin and 1 in Ontario, were a
convenience sample of commercial dairy farms from the North American IGress

Region. Selected producers were required to maintain compliance with the study

protocols and record keeping, have trained personnel, individual animal identification,
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treatment facilities, appropriate drug storage capabilities, reftigerand freezer

capacity, participate in a Dairy Herd Improvement Association (DHES}ing program,

and demonstrate sufficient time and interest in the study. Herd size raogetiS0 to

1,800 cows, averaging 850 cows. Seven of the herds were housed in free-stalls and one in
a tie-stall housing system. Annual milk production among those herds ranged from 9,500
kg to 12,800 kg, averaging 10,800 kg. Bulk tank milk SCC ranged from 180,000 cells/ml

to 334,000 cells/ml, averaging 253,000 cells/ml.

Case Definition

Clinical mastitis was diagnosédmilk from one or more glands was abnormal in color,
viscosity,or consistency, with or without accompanying heat, pain, redmessglling

of the quarter, or generalized iliness. All lactating cows in the herd weitdefor
enrollment at the time of occurrence of CM, except cows exhibiting severadar r
CM (depression, anorexia, dehydration, fever), or any cow with fewer than three

functional teats.

Enrollment Process

Cows with CM were detected in the milking parlor by the milkers upon appreciation of

clinical signs of mastitis (e.g. visible abnormal milk and/or quarter)elttdw met the

designated inclusion criteria for enrollment, herd personnel asepticdéygtedl a single

milk sample from the affected quarter. For a first CM episode (cow not preywiousl
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enrolled into the study), eligible cows for enrollment were randomlgmeadifollowing a
simple randomization schedule to either the positive-control group (PC) or cudised
treatment group (CB) by opening a pre-identified envelope following a sesjumader.

If more than one quarter was affected, all affected quarters wegaed to the same
treatment group-or a second (or greater) CM episode in the same cow (i.e. cow had
been previously enrolled), in the same or in a different quarter, the quarter igas@ss

to the same treatment group as was previously assigned.

Treatment Groups

Positive Control Group

Immediately after enrollment the quarter milk sample that had been edl\eess frozen
on-farm at -20 °C and the affected quarter(s) was infused with one syringe @200 m
Cephapirin Sodium (Cefa-L8kFort Dodge Animal Health, Fort Dodge, IA). The
treatment was repeated once, 12 hours after the first treatment in actordiogj
directions. A milk-withdrawal period of 96 hours and a slaughter withdrawal period of
four days were followed after the last treatment.

Culture-Based Treatment Group

The aseptically collected milk sample(s) from the affected quarteas first cultured

on-farm using the Minnesota Easy Culture System (University of MinnesoRa8t
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MN). This OFC system consists of a bi-plate which is a petri dish with twoethtfe

types of agar, MacConkey agar on one half selectively grows GN organisres, whi

Factor agar on the other half of the plate selectively grows GP organistesiléotton

swab was dipped into the milk sample and then plated onto the Factor media half of the
bi-plate, redipped into the milk, and then applied to the MacConkey media half of the bi-
plate. The plate was placed in an on-farm incubator and incubated at approxinfagely 37
for 24 hours. The quarter milk sample that had been collected was then frozen on-farm a
-20 °C. The next day the plate was read and interpreted according to guidelines provided
for the Minnesota Easy Culture System. If bacteria did not grow, the platetvased

to the incubator and re-read approximately 24 hours later. Final results foaeguk s

plate were recorded as a) GP, when bacteria grew only in the Factoreafjaroifrthe bi-

plate, b) GN, when bacteria grew only in the MacConkey agar media of the bi-plate, c)
NG, when bacteria did not grow in either media, and d) mix infection when bactevia gre

in both media. The decision about initiation of IMM antibiotic therapy the day after
enrollment of the CM case was based on the on-farm culture results. Quarterhifobm w
GP bacteria were isolated or had a mix infection received the same INthbaat

treatment following the same procedures than cases assigned to P@nHiéne culture

result was GN or NG, then the quarter did not receive IMM therapy.

After enrollment farm personnel recorded short-term outcomes including the
number of days the cow was treated, the number of days to return to visibly
normal milk, number of days out of tank and whether or not extended (secondary)

therapy was given. Study technicians visited the study herds once per week and
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aseptically collect single quarter milk samples from enrolled qsaater
approximately 14 days post-enrollment (10-16 days post-enroliment) and 21 days
post-enrollment (17-23 days post-enrollment). All milk samples were trandporte
on ice to the regional mastitis culture laboratory (St. Paul, MN; Madison, WI or

Guelph, ON) and frozen at -20 °C until bacteriological culture was completed.

Laboratory Bacteriological Culture

Aerobic culture methodologies for frozen milk samples (enroliment day 0, day 14, day
21) collected on farms were standardized among labs at all three parngcgges and
performed in accordance with the National Mastitis Council guidelinesQNI99).
Briefly, individual quarter milk samples were thawed at room temperature. ¥titlile

cold, 0.0Iml of milk was plated onto MacConkey agar and Factor agar using sterile
calibrated loops. Factor Agar, similarkbMB agar (Beattyet al., 1985), selects for GP
organisms while inhibiting the growth of GN bactewiéh antibiotics. Inoculated plates
were incubated at 37°C. After incubation 18 to 24 h, all plates were observed for
microbial growthThose plates having growth were recorded and species identification
started. All plates were placed in the incubator for an addit8thed 48 h and

reevaluated for microbial growth. ColoniesMacConkey agar plates were
presumptively identified based oalony morphology. Colony color was used as a means
of determiningf the organism on the plate was a lactose-fermenting orgalsisiates

were also Gram stained to assist in organism identificaiaganism identity was

confirmed using the API 20E test (bioMerieux-VitelG. Hazelwood, MO). Colonies
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suspected as being staphylocdiased on morphology were confirmed as staphylococci
based oratalase reaction and microscopic morphology. Organisms susptbtedg
Staphylococcus aureus were confirmed using the tubeagulase reaction. Those
organisms that were catalase-positind coagulase-negative were classified as
Saphylococcus spp.Catalase-negative streptococci were streaked onto TKT medium,
which is selective fo&treptococcus spp. only, to determirtbe esculin reaction and
presumptive identification prior mrganism confirmation using the API Streptococcus

identificationsystem (bioMerieux-Vitek, Inc. Hazelwood, MO).

Data Analysis — Definition of Outcome Variables

Risk to Receive Primary IMM Antibiotic Therapy because of Study

Assignment

All CM cases assigned to PC were treated with two infusion syring@8®intg) of
Cephapirin Sodium (Cefa-L&kFort Dodge Animal Health, Fort Dodge, 1A). However,
for cases assigned to CB only quarters from which GP bacteria weredsotdtad a mix

infection received antibiotic treatment initially.

Risk to Receive Secondary IMM Antibiotic Therapy of Non-Responsive

Cases
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Secondary (or extended) treatment was allowed in cases that did not respeniditaat
treatment regimen assigned. Failure to respond was defined as a) nycseasirity (i.e.
became a grade 3) of the CM case within 24-48 hours after the iniitthnet regimen
was implemented (either IMM antibiotic treatment or no treatment) ailoyé to reduce
in severity (grade) of mastitis when assessed at approximately 48 fieuthainitial

treatment regimen was implemented.

Risk of Receiving IMM Antibiotics because of Primary or Secondary

Therapy

The overall risk of receiving IMM antibiotic treatment was representealdighotomous

outcome (Y = 0 or 1) denoting no administration (0) or administration (1) of IMM

antibiotic therapy because either of study assignment or secondary trefmneach

guarter case of mastitis.

Days to Clinical Cure

Herd personnel assessed mammary gland secretion daily after entpineerecorded

the date and time when milk had returned to being visibly normal (no clots, no flakes).

Days Out of the Tank
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The date and time when milk was first marketed after enroliment of theaG&Meas also

recorded by herd personnel.

Bacteriological Cure Risk

A quarter was considered infected when one or two bacterial species olatedisrom a
quarter milk sample. The isolation of two bacterial species was considergdd mi

infection. A quarter sample was considered contaminated if three or monedbacte
pathogens were isolated. A bacteriological cure within a quarter wasdlaBribe

presence of one or two microorganisms in the enroliment milk sample, and the absence of

the same specified microorganism(s) in both d-14 and d-21 milk samples.

New IMI Risk

A guarter was considered newly infected whenever a new bacterial ghpatiess not

previously present in the enroliment sample (d-0) was isolated from quakesamples

collected either at d-14 or d-21 after enrollment.

ICR Risk

The presence of infection, clinical recurrence, or removal from herdi$ecéd culling or

death was described as a dichotomous outcome (Y =0 or 1) called ICR risk. Présence o

infection (I = infection) represented the absence (0) or presence (1)atfanfm quarter
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milk samples collected either at d-14 or d-21 samples after enrollmente@uzases

that could not be resampled at d-14 or d-21 after enrollment because the quarters
experienced a recurrent case of CM (C = Clinical) during the follow-up peeosl w
assigned an ICR risk value of 1. Similarly, quarter cases that could not belexsabd-

14 or d-21 because cows were removed from the herd because of culling or death (R =
Removed) were assigned an ICR risk value of 1. Analysis of the paranikenC&®

risk was done in an attempt to eliminate potential omission bias created byludinigc

in the bacteriological cure analysis, cases where no bacteria siatedsfrom the
enrollment sample, and cases without a follow-up culture result because of CM

recurrence or because the cow was removed from the herd.

Statistical Analysis - Models and Modeling Strategy

Database summaries and plots were used for exploratory data analysisli&asstics

techniques were used to evaluate normality, independence, homoscedasticigariili

and linearity of variables.

Generalized Linear Mixed Models for Dichotomous Outcome Variables

Binary response variables such as risk of being assigned to receive phitivary

antibiotic therapy, risk for secondary IMM antibiotic therapy, risk oénang IMM

antibiotic therapy because of study assignment or secondary treatmeiet;, gsiafor a

bacteriological cure, quarter | risk, quarter ICR risk and quarter risk iew IMI, were
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modeled as a function of treatment group and other covariates using logisi@analdle
regression. The treatment effect on the risk for the listed outcome varialddeving the
CM case was analyzéy generalized linear mixed models using the GLIMMIX PROC
of SAS version 9.1 (SAS Institute, Cary, NC) with cow and herd included as random

effects.

Covariates such as cow parity, days in milk (DIM) at CM event, previous oncaroé a
CM case in the same quarter in the present lactation, number of quarteéexiatiad
etiology of infection were included in the model if it was a potential confounding
variable. To determine if a covariate confounded the treatment effect on the eutiscem
crude estimate of treatment group (FWCCB) was compared with the adjusted estimate
for that third confounding variable. It was concluded that the variable confounded the
association between treatment group and outcome variable if the ratio bdteeen t
difference of the crude estimate and the adjusted estimate versus thestnmdg¢e was
greater than 10%. Each variable was examined for potential confounding one atw time b
regression. Once the confounder variables were identified, the next step waetallpl
confounders into a full model with two-way interaction terms between treatme e
confounder. In order to simplify the model each non-significant interaction tesm wa
removed one at a time using a backward stepwise approach, starting bgtthe lea
significant interaction term, and running the model again until there were no non-
significant interaction terms in the model. Next, with non-significantacteyn terms
removed from the model, it was determined whether there were main effettiesin

the model that were not in an interaction term that might be a confounder. The least
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significant term were removed and it was evaluated if this affected #im#et effect
estimate, with the goal to assess whether the variable confounded the treattoemie
relationship. If the variable was an important confounder, it was returned to the mode
and other variables were assessed one at a time to see if they were cosfduraler
treatment variable was forced in the model regardless ¢i-ttadue. Once all non-
significant interaction terms were removed as well as main effecblesithat did not
confound the exposure-outcome relationship, this was the final model. Final sigrefica

was declared & < 0.05.

Time to Event Models

Binary responses with a “time to event” component such as days to clinical cureyand da
out of the tank were modeled using survival analysis. Cox’s proportianatds

regression method was used to test the logistic analysis explaveiables (see

previously described covariates) simultaneously for their assocratiotime until event
(PROC PHREG). The standard model was extended by including a frailtya#eeting

a latent effect associated with each herd and with each cow when the eneertest i

was at the quarter level.

Cows (and quarters) were censored when the event of interest happened or when further
follow-up data was not available for the days to return to visibly normal milk and the
days of milk withheld from market analysis. The assumption of independent censoring

between both treatment groups was assessed by comparing the proportion of censored
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cows or quarters between both treatment groups. In addition, a sensitivity analysis
looking at situations of complete positive correlation (every cow or quartesreeins
experienced the event of interest) or negative correlation (censored cowstersotidr
not experienced the event of interest) between censoring and the event sf wdsre
done. If the violation of this assumption did not dramatically alter the treatrffectt e

estimate (<10%), it was concluded that censoring did not introduce bias.

RESULTS

Descriptive Data

Four hundred and twenty two cows affected with CM in 449 quarters were enrolled in the
study. Two hundred and fourteen cows with 229 affected quarters were assigned to PC,
and 208 cows with 220 affected quarters were assigned to CB. Cow and quarter level
descriptors and etiology of infection at enrollment for both study groups are show

Table 2.1. The severity distribution of the clinical cases enrolled in the \waglg8% for

mild cases and 32% for moderate cases. Severe cases of mastitis eégthefor
enrollment in this study. The parity distribution of the cows at the time of the CiM eve
was 33%, 30% and 37% for first, second and third or greater parity cows, respectively
The mean and median DIM to the occurrence of a CM case was 170 and 150 days,
respectively. Cows could have one or more quarters affected with CM when enrolled in
the study. Ninety percent of the cows had just one quarter affected, and theds¥mai

10% had 2 or more quarters affected.
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Bacteria were isolated from 66% of quarters with CM at enrollment. Colifocte e

were the most commonly isolated pathogen (24% of CM cases), followed by non-
agalactiae streptococci (14% of CM cases), coagulase-negative staphby(@&o of CM
cases)3aphylococcus aureus (7% of CM cases), and other infections (7% of CM cases).
Among coliforms, bacteria such Bscoli, Klebsiella spp. andEnterobacter spp.
represented 18%, 5% and 1% of all cases, respectively. Other GN $earfiaes spp.,
Pseudomonas spp. andsalmonella spp. each represented less than 1% of all cases.
Streptococcus agalactiae was not isolated from any of the CM cases. The non-agalactiae
streptococcBreptococcus dysgal actiae, Sreptococcus uberis, Enterococcus spp. and
Aerococcus spp. represented 5%, 2%, 4% and 1% of all cases. It is remarkable that
Bacillus spp. was isolated in 4% of the CM cases. Other bacteria such as
Corynebacterium bovis andArcanobacterium pyogenes each represented less than 1% of

all cases.

CM Treatment Programs Effects

Risk to Receive Primary IMM Antibiotic Therapy because of Study

Assignment

The risk for a quarter case to receive IMM antibiotic therapy as a carsazjof the CB

program treatment decision was reduced to 44%. It ranged from 31% to 89% for the 8

dairy herds enrolled in the study. The etiologic classification distributisedbia OFC
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for cases assigned to CB that did not receive IMM antibiotic therapy was 2/&hé\
30% GN, and for cases that did receive IMM antibiotic was 39% GP and 4% mix

infections.

Risk to Receive Secondary IMM Antibiotic Therapy of Non-Responsive

Cases

The risk for a quarter case to receive secondary (or extended) IMM antthgxtapy was
lower for cases assigned to CB than for cases assigned to Bg$6% CI) = 0.4 (0.3,

0.7); P =0.0018] (Table 2.2). This risk was numerically lower in cases assigned to CB in
6 of the 8 herds enrolled in the study. No other covariates in addition to the explanatory
variable of interest, treatment program, remained in the model because of confounding

the treatment program effect on the risk to receive secondary IMM artithietapy.

Secondary IMM antibiotic therapy was administered in 36% of the casesexs$igPC
and in 19% of the cases assigned to CB. The overall risk to receive secondary IMM
antibiotic therapy for both CM treatment programs was higher in GP or Gkl 8&8é
and 42% respectively, than in NG cases, 11%. The risk to receive secondary IMM
antibiotic therapy was higher for CP for the previously mentioned CM etiology
classification groups. However, although the treatment effect was noedifeemong the
three CM etiology classification groups (P = 0.2815), the relative risk ¢ondary IMM
antibiotic therapy for cases assigned to PC and CB was numericatgrjicr GN cases,

16%vs. 7%, or NG cases, 57%. 23%, than in GP cases, 34& 26%, respectively. In
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cases assigned to CB, secondary therapy was administered in 28% of casesitrexdt
IMM antibiotic therapy as part of the study treatment decision at enrt|raed in 13%

of cases that did not receive IMM antibiotic therapy at enroliment.

Risk of Receiving IMM Antibiotics because of Primary or Secondary

Therapy

The risk for a quarter case to receive IMM antibiotic therapy becahse study
assignment or secondary treatment was half for cases assigned to@@ tases
assigned to PC [QR(95% CI) = 0.009 (0.002, 0.04); P = <0.0001] (Table 2.2). Fifty one
of the cases assigned to CB received antibiotic treatment (44% because of stud
assignment and 7% because of secondary treatment of cases not treatgdnititial

antibiotics).

Days to Clinical Cure

There was no significant difference in days to return to visible normal ntikeba
treatment programs [HR(95% CI) = 0.8 (0.6, 1.2); P = 0.2581] (Table 2.2 and Figure
2.1). This time was numerically shorter in cases assigned to PC in 5 of the 8 herds
enrolled in the study. The only covariate that remained in the model because of
confounding the treatment program effect on days to return to visible normal milk was

severity of the CM case.
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The mean days for milk to return to being visible normal was 2.7 days for cageedss
to PC and 3.2 days for cases assigned to CB. The overall days out of the tank for both
CM treatment programs for NG, GN and GP cases were 2.8 days, 3.2 days and 3.1 days,

respectively.

Days out of the Tank

There was a tendency for lower days of milk withheld from the market fos easggned
to CB than for cases assigned to PC JHR5% CI) = 1.2 (0.9, 1.4); P = 0.0797] (Table
2.2 and Figure 2.2). This time was numerically shorter in cases assignedri® ©Bthe

8 herds enrolled in the study. Covariates that remained in the model because of
confounding the treatment program effect on days of milk withheld from the magket w

number of quarters affected and etiology of infection.

The average days of milk withheld from the market was 5.9 days for casewddsid®C

and of 5.2 days of for cases assigned to CB. The difference in days of milk withheld from

the market between PC and CB was much greater for GN cases,&£2days, or NG

cases, 5.5s. 3.9 days, than in GP cases, %16.5 days.

Quarter Milk Bacteriological Culture Follow-Up

Bacteriological Cure Risk
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There was no significant difference in risk for a bacteriological curedsest the two
treatment programs [QR(95% CI) = 0.6 (0.3, 1.4); P = 0.2034] (Table 2.3). The only
covariate that remained in the model because of confounding the treatment program

effect on bacteriological cure risk was etiology of infection.

The proportion of quarters with bacteriological cure was 71% and 60% for cageedss
to PC and to CB, respectively. The overall bacteriological cure risk for both CM

treatment programs for GN and GP cases was 78% and 55%, respectively.

New IMI Risk

There was no significant difference in risk for new IMI between treattp®grams

[OR:: (95% CI) = 1.0 (0.6, 1.6); P = 0.9416] (Table 2.3). Covariates that remained in the

model because of confounding the treatment program effect on new IMI risk included

number of quarters affected and etiology of infection.

The proportion of quarters with a new IMI was 50% for cases assigned to both CM

treatment programs. The overall risk for new IMIs for both CM treatmexgrams for

NG, GN and GP cases was 52%, 51% and 55%, respectively.

ICR Risk

70



There were no significant differences in the ICR risk (represents thenme of infection
risk, CM recurrence risk, or removal from herd (ICR) risk between both treatment
programs [OR: (95% CI) = 1.1 (0.7, 1.8); P = 0.7254] (Table 2.3). Covariates that
remained in the model because of confounding the treatment program effect oR the IC

risk included number of quarters affected and etiology of infection.

The ICR risk was 68% and 71% for cases assigned to PC and to CB, respectively. The
partial contribution to the overall 69% ICR risk for both CM treatment programs was
64% for the infection risk at 14 or 21-d after enrollment, 4% for the CM recurreskge ri
and 1% for the culling or death risk during this time. The ICR risk for NG, GN and GP

cases was 59%, 72% and 80%, respectively.

DISCUSSION

In this study bacteria culture results NG and GN represented 36% and 26% of all CM
cases, respectively. It has been previously reported that there is a shiftdow
environmental pathogens as the major causes of CM in the USA, Canada and several
European Countries (Anon, 2001; Green and Bradley, 1998). In the North American
Great Lakes region coliforms were recognized as a major etiologyid&QCand 10 years
ago (Sargearsdt al., 1998; Erskinest al., 1988). However, recently NG cases are the
most prevalent as was found in this and other studies (Watsadn 2004; Riekerinlet

al., 2007).
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Roberson (2003) estimated that antibiotics labeled for IMM use would not be justified for
50 to 80% of CM cases. This estimate was based on the assumption that cases where
bacteria were not isolated or coliform infections did not benefit from IMMbentic

therapy. In this study NG and GN cases accounted for 60% of all cases. Thé¢hese of
Bi-Plate Minnesota Easy Culture System allowed herd personnel to idéetsy cases

and make a cow-side treatment decision the day after detection of the CM<ase. A
result, only 44% of the cases assigned to CB received IMM antibiotic thesdpg a

initial treatment decision. However, because secondary treatment dediseofnsal

IMM antibiotic treatment risk for the CB program was 51%.

The higher secondary treatment risk experienced by cases assigned teeRCalwCM
cases were treated initially with antibiotics, may be explained in panebpossibility

that herd personnel were more prone to continue antibiotic treatment, oncg alread
started, than for cases assigned to CB where more than half of the casastvieated
initially. Thus, in cases assigned to CB, secondary therapy was adminiat289@ of
cases that received IMM antibiotic therapy as part of the study gaatiacision at
enrollment, these being the cases identified on-farm as GP or mixedonge@&imilarly,
secondary treatment was administered in 34% of cases assigned to PC wertef&P ba
was isolated. Conversely, in cases assigned to CB, secondary therapiynivastared in
only 13% of cases that did not receive IMM antibiotic therapy at enrolimeng, bieasg
the cases identified as NG or GN by OFC. The secondary treatment risk EondNGN
cases assigned to PC was 35%. Other explanations for the higher secondargttreatme

risk experienced by cases assigned to PC could be the risk for contamination when
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infusing the product via the teat canal (Erskine, 2003), and possible irritation of the
mammary tissue caused by the preparation. In addition, some earlier irudiess
showed that antimicrobials may disturb phagocytosis when given IMM (Nicketrsbn

1986; Zivet al., 1983), but clinical relevance of this finding is unknown.

Problems attributed to the use of antibiotics in food producing animals include those of
increased risk of antibiotic residue violations and the potential for development of
antibiotic resistance. Different reports found that the majority of residuatioio are
related to the antibacterial therapy of mastitis, accounting for 82% and 90% of the
inhibitory residue occurrences, respectively (Reneau, 1993; Eetlahe2003).
Furthermore, it has been established that the risk of an antimicrobial resiti®niis
associated with the frequency of IMM antibiotic use on farm, and so also &sdatith
the number of clinical mastitis cases treated with antibiotics. Famiran

antimicrobial residue violation reported 2.01 cows treated with antibiotics pehmont
where as residue-free farmers reported 1.28 cows treated per month (MatElven
1991). The public health impact of reducing antibiotic use for the treatment ofIclinica
mastitis, due to risk avoidance, may far outweigh the on-farm cost savingsddeom a

reduction in antibiotic use.

Resistance to antibiotics associated with the use of antibiotics in ansncalsently an
issue of principal concern. The Center for Veterinary Medicine of the Food agd Dr
Administration (FDA), in cooperation with the American Veterinary Medicaloggation

(AVMA), compiled fifteen general principles for the judicious use of antiofi@ls for

73



dairy cattle veterinarians (FDA—Center for Veterinary Medicine, 2008)sé& principles
emphasize the use culture to aid in the selection of antimicrobials, confine thfe use
antimicrobials to appropriate clinical indications and limit therapeutic &rbimal
treatment to the fewest animals indicated. The selective treatment of <&l inaOFC
results implements those principles by reducing antibiotic use by hbtwia reduction

in treatment efficacy. If 50% of all antimicrobial drugs used in dairy $aare dedicated

to CM treatment (Pol and Ruegg, 2007), the selective treatment of CM based in OFC

results has the potential to reduce total antibiotic use on dairy farms by 25%.

Discarded milk following treatment may account for as much as 73% of lokétalale

milk, and in herds that do not have a judicious treatment program, losses from discarded
milk alone can exceed $100 per cow in the herd per year (Bartlett, 1991). In the prese
study, there was a tendency for lower days of milk withheld from the markedades
assigned to CB than for cases assigned to PC. Milk from all cows assignedeigui €dr

at least 96 hours milk withdraw period because of IMM antibiotic treatment wiiye

44% of the cows assigned to CB were treated with antibiotics. Conversatymédreg was
delayed one day in cases assigned to CB. The end result was a tendency tarredmos
day reduction in days out of the tank for the milk from cows assigned to CB. The
expected reduction in discarded milk in a non-antibiotic treatment regimen has not
always been reported in previous studies. A clinical trial evaluating twoardibi
treatment regimens and one based just in the administration of oxytocin found that the
cost of treatment, calculated by adding the cost of the therapy to the ¥/tieenulk

withheld, did not differ between one of the antibiotic treatments and the non-aatibiot
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regimen (Van Eenennam et al., 1995). However, authors recognized that the milk
withhold costs for the cows in the oxytocin group included milkings during which cows
were producing grossly normal milk following their recovery from miastiut those

cows still remained in the hospital string to allow sample collection alathgheir

contemporary antibiotic treatment group.

There were no significant differences in days to clinical cure betweerChbtineatment
programs. Results from previous studies are contradictory. In a clinitaviiea
comparing clinical cure risk between antimicrobial and no antimicrobial EMnrents,
days to clinical cure did not differ for mild CM cases where no bacteria, streptococ
coliforms were isolated (Guterboekal., 1993). Similarly, a study where cows were
experimentally infected witkscherichia coli and developed moderate and severe CM
found no differences in days to clinical cure between antimicrobial and no antimicrobial
CM treatments (Leiningeat al., 2003). Conversely, another study reported that when
CM was caused b$treptococcus spp. or coliform bacteria, the clinical cure risk by the
tenth milking was significantly greater if antibiotics were used (Metrad., 1998). The
present study compares two different CM treatment programs, not just aohiai@nd
no antimicrobial treatment of CM. Nevertheless, the clinical cure risk watifferent

for NG or GN cases when they were assigned to PC that includes antibidtreetreaf
those cases assigned to CB that does not includes antibiotic treatmenarDofrati
clinical signs in the present study (mean, 3.0 days) was shorter than thadeport
previous studies (5.4 days and 4.1 days) (Conséhble 2002; Hoeet al., 2005). This

difference may be attributable to the omission of severe cases ofsnagtie present
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study, although differences in clinical cure or CM case definition, cow and detotd

may also explain the differences in duration of the clinical signs.

The bacteriological cure risk was not different between CM treatmentgonggCases
where coliforms were isolated had the highest bacteriological cure,yctolelved by
Bacillus spp., similar bacteriological cure risk for cases where non-aga&atteptococci
and coagulase-negative staphylococci were isolated, and the lowest badtaliclog
was observed fd&aphylococcus aureus cases. There was a large numerical difference in
the risk of a bacteriological cure between both CM treatment programsés waere
Staphylococcus aureus was isolated, 43%s. 18%. This difference could be due to
chance, to the one day delay in initiating IMM antibiotic treatment, or due ttueefaf
the on-farm culture to identify these infections. The latter reason can bemtsd as all
cases assigned to CB wh&aphylococcus aureus was isolated in the laboratory were
identified as GP and treated with antibiotics on-farm. It is not possible tordisegveen
the two first hypotheses provided. However, given the fact that these curaradiased
on only 7 and 11 cases of CM respectively, it is very possible that these cure risk
differences may be numerically different due to chance alone, and so thetsestesuld

be interpreted with caution.

The ICR risk and etiology of infection at 14 and 21-d after enrollment did not differ
between treatment groups either numerically nor statistically. GRerisk may be a
better outcome measure of both programs treatment decisions than bactaticlogic

risk since it represents both the bacteriological cure risk and new infason r
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immediately after the CM event, includes in the analysis those CM casebaateria
were not isolated from the enroliment sample (40% of the cases).Thus, it malyuhore
reflect the sucess of the intervention in the quarter infection status. Theang¢lasihe
calculation of the ICR risk, of cases without a follow-up culture result be @
recurrence or removal from the herd was also done in an attempt to reduce potential
omission bias. Using the ICR risk as a dependent variable, there were no d#ferenc

between both CM treatment groups for those outcomes from 14 to 21-d after enroliment.

The omission of CM cases where bacteria were not isolated from the enrobmgié s
(40% of the cases in the present study) in the bacteriological analysis condidicet
selection bias due to omission of data from the analysis. In a clinicalt@sé treatment
groups were balanced by randomization in the etiologic distribution of CM, the quarter
bacteriological status treatment effect still could be biased if theofatew infections for
cases where bacteria were not isolated differs between treatroeps gThis could
conceivably happen if one of the treatment programs had a protective effeset or el
induced new infections in cases where bacteria were not isolated in the entollm
sample. It is our recommendation that future studies evaluating the gifica@stitis
treatment programs should evaluate the treatment effect in quarteiomfgetus during
the follow-up milk sampling on cases where bacteria is not isolated. If instead of
evaluating the efficacy of a treatment program, the objective of the clinalak to
evaluate the efficacy of a antimicrobial drug for the treatment mitali mastitis, then the
interest of the effect of treatment on bacteriological cure may bectedttd cases where

bacteria are isolated before the application of antibiotic treatment (Sanetkdd., 1995).
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Selection bias in cases without a follow-up culture result because of CM remuaethe
cow was removed from the herd may occur if there is a differential loss to fofiow
between treatment groups. Those losses could be due to differential managemsss of ¢

assigned to the different groups or truly due to a treatment effect.

This study compared two CM treatment programs that differed not just onehbgveel

vs. blanket IMM antibiotic treatment of CM. The success of the CB program also
depends on the accuracy of the OFC system and the effects of a one day delayego initi
IMM antibiotic therapy in those quarters selected for treatment. Preveddgrfals and
trials with experimentally induced coliform mastitis have alreadyrtedmn the

inefficacy of antimicrobial treatment (Guterboetkal., 1993; Robersost al., 2004;
Hallberget al., 1994; Van Eenennaaghal., 1995; Leiningeket al., 2003). In addition, it
had been reported that treatment of mild or moderate CM cases can be postponed for 1
day with minimal adverse effects while producers wait for OFC resuklig)i(éfet al .,

2007). The present study is the first to evaluate a CM selective treatmeammbased

on OFC, made the next day after the CM event. Therefore, strengths ofidlyisust

related to the validation of a program to treat clinical mastitis.

One potential limitation of this study is that the label of IMM antibiotic mistered in
this study, Cefa-Lak (Fort Dodge Animal Health, Fort Dodge, 1A) does not include
efficacy claims against Gram-negative bacteria. Two IMM antibiogpanations,
Hetacin-K® (Fort Dodge Animal Health, Fort Dodge, 1A) and Spectrafh@fizer

Animal Health, New York, NY), are currently approved in the USA with a ldda| t
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claims efficacy against clinical mastitis in lactating dairfleaassociated with

Escherichia coli. However, published peer reviewed studies are lacking that reporting the
efficacy of these two antimicrobial formulations to treat clinical itiastases where
Escherichia coli or other GN pathogens are isolated. There is a need for controlled field
trials evaluating their efficacy in treating clinical mastiksirthermore, clinical mastitis
selective treatment programs based in OFC culture results usinghhdsantibiotic
preparations should be evaluated. Until this scientific knowledge becomes avaiiabl
validity of the present study results when using antibiotics other than cephagitms

is not known.

CONCLUSIONS

The use of an OFC system to guide the strategic treatment of CM reducedritibiidtic
use by half and tended to reduce withholding time by one day, without significant
differences in days to clinical cure, bacteriological cure risk, new iafedsk and ICR
risk within 21 days after the CM event. Results of this study, in addition to long-term
outcomes (to be reported separately), will be used to evaluate the overbkmeft of
using an on-farm culture system to guide strategic treatmentatecisi cows with mild

and moderate CM.
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TABLES

Table2. 1. Cow and quarter level clinical mastitis cases dptans and etiology of infection at enrollment
for both study groups.

Positive-Control Culture-Based

Parameter Cowg Herd$ Cows Herds
Sample Size
Number of Quarters Enrolled 229 - 220 -
Number of Cows Enrolled 214 208
Severity — Quarter Level
Mild (1% grade) 63 (145) 10-95 72 (159) 20-100
Moderate (%' grade) 37 (84) 5-90 28 (61) 0-80
Parity — Cow Level
g 34 (78) 0-57 32 (70) 10-57
2 33 (76) 17-50 26 (56) 22-50
3%+ 33 (74) 13-83 42 (93) 14-75
DIM — Cow Level
Mean 174 (228) 125-224 166 (219) 119-195
Median 155 (228) 117-221 143 (219) 56-238
Quarters Affected — Cow Level
1 88 (201) 75-100 93 (205) 80-100
2+ 12 (28) 0-25 7 (15) 0-20
Previous Clinical Mastitis Event in Current Lacteiti- Cow Level
No 78 (178) 67-88 75 (165) 61-100
Yes 22 (51) 12-33 25 (55) 0-39
Etiology — Quarter Level
No growth 33 (71) 23-42 35 (74) 10-52
Gram-negatives 28 (60) 0-44 24 (50) 0-80
Escherichia coli 21 (44) 0-67 16 (34) 0-41
Klebsiella spp. 5 (10) 0-10 6 (13) 0-66
Gram-positives 33 (69) 11-63 38 (80) 10-63
Non-ag. streptococci 12 (25) 6-24 15 (32) 9-38
Saphylococcus spp. 8 (16) 0-13 10 (22) 0-14
Saph. aureus 6 (13) 0-31 8 (17) 0-38
Bacillus spp. 5(11) 0-27 3 (6) 0-20
Other 10 (21) 0-20 4 (8) 0-13
Mix Infection / Contaminated <1 (1) 0-22 (4 0-15

& Cow and quarter level descriptors [% (n)]

® Herds range for the different descriptors [ mindh@b) — max herd(%)]
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Table 2. 2. Risk to receive primary IMM antibiotic therapy, kit receive secondary IMM antibiotic
therapy, risk to receive primary or secondary IMMilsiotic therapy, days to clinical cure and days af
the tank two clinical mastitis treatment prograstsoft-term outcomes).

Positive-Control Culture-Based Treatment Effect
Parameter  Cowg' Herd® Cows Herds Estimate (95% CI) P-value
Risk to Receive Primary IMM Antibiotic Therapf#o (n)]
Quarter Level 100 (229) 100 44 (220) 31-89
Cow Level 100 (214) 100 44 (208) 31-89
Risk to Receive Secondary IMM Antibiotic Therdg$6 (n)] — Quarter Level
No growth 16 (69) 7 (73)
Gram-negatives 57 (60) 23 (48)
Gram-positives 34 (67) 26 (80)
All cases 36 (224) 14-70 19 (217) 8-56 ORpc=0.4(0.3,0.7) 0.0018
Risk to Receive IMM Antibiotic Therafiy% (n)]
Quarter Level 100 (229) 100 51 (220) 36-100Rec = 0.009 (0.002, 0.04)0.0001
Cow Level 100 (214) 100 51 (208) 36-100Rec = 0.009 (0.002, 0.04)0.0001
Days to Clinical Cure [Mean = SD (n)] — Cow Level
No growth 2.7 +1.3 (61) 3.0+£1.7(51)
Gram-negatives 3.1 + 2.0 (57) 3.4+£1.5(39)
Gram-positives 2.6 + 1.1 (54) 3.5+1.6 (62)
All cases 2.7 +1.5(196p.2-3.5 3.2+ 1.7 (163) 2.6-3.8 HRpc=0.8 (0.6, 1.2) 0.2581
Days Out of the Tank [Mean + SD (n)] — Cow Level
No growth 5.5+ 2.6 (63) 3.9+3.1(58)
Gram-negatives 6.2 + 2.5 (58) 4.9+2.7 (41)
Gram-positives 6.1 + 3.6 (62) 6.5+3.7(72)
All cases 5.9 +2.9 (1835.0-6.3 5.2 +£3.5(184) 3.6-8.3 HRpc=1.2(1.0, 1.4) 0.0797

& Cow and quarter level descriptors

® Herds range for the different descriptors [minch@b) — max herd(%)]

° Risk to receive IMM antibiotic therapy becausestfdy assignment (primary)

4 Risk to receive IMM antibiotic therapy becausexafeverity assessment decision after enrollment
(secondary)

° Risk to receive either primary or secondary IMMilaiotic therapy
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Table 2. 3. Quarter level bacteriological cure risk, new IMik; | risk, and ICR risk at 14+3 and 21+3
days after enrollment for two clinical mastitisatment programs (bacteriology outcomes).

Positive-Control

Culture-Based Treatment Effect

Parameter
Cowé  Herd®

Cows

Herds  Estimate (95% CI) P-value

Bacteriological Cure Risk [% (n)] — Quarter Level

Gram-negatives 86 (42) 70 (37)
Escherichia coli 83 (30) 78 (22)
Klebsiella spp. 86 (7) 62 (13)

Gram-positives 59 (46) 52 (48)
Non-ag streptococcb7 (14) 61 (18)
Staphylococcus spp. 53 (15) 54 (13)
Saph. aureus 43 (7) 18 (11)
Bacillus spp. 71 (7) 75 (4)
All cases 71(97) 42-100 60 (85) 24-100 ORpc = 0.6 (0.3, 1.4)0.2034

New IMI Risk [% (n)]— Quarter Level

No growth 50 (54) 53 (62)

Gram-negatives 52 (44) 49 (41)
Escherichia coli 43 (30) 41 (22)
Klebsiella spp. 43 (7) 55 (11)

Gram-positives 54 (54) 55 (56)
Non-ag streptococcib3 (19) 63 (24)
Staphylococcus spp. 55 (11) 40 (10)
Saph. aureus 14 (7) 22 (9)
Bacillus spp. 50 (6) 33(3)

All cases 50 (163) 25-75 50 (160) 20-63 ORpc=1.0(0.6, 1.6) 0.9416

| Risk [% (n)] — Quarter Level

No growth 50 (54) 53 (62)

Gram-negatives 63 (43) 68 (41)
Escherichia coli 58 (26) 57 (30)
Klebsiella spp. 85 (13) 63 (8)

Gram-positives 77 (56) 79 (62)
Non-ag streptococciB0 (25) 79 (19)
Staphylococcus spp. 67 (12) 73 (11)
Saph. aureus 82 (11) 78 (9)
Bacillus spp. 80 (5) 75 (8)

All cases 62 (165) 25-83 65 (168) 25-74 ORpc=1.1(0.7,1.8) 0.7675

ICR Risk [% (n)] — Quarter Level

No growth 55 (58) 62 (65)

Gram-negatives 71 (48) 73 (41)
Escherichia coli 68 (34) 65 (26)
Klebsiella spp. 67 (9) 85 (13)

Gram-positives 79 (58) 81 (64)
Non-ag streptococci80 (20) 80 (25)
Saphylococcus spp. 73 (11) 79 (14)
Saph. aureus 78 (9) 82 (11)
Bacillus spp. 88 (8) 80 (5)

All cases 68 (181) 33-83 71(174) 25-80 pPR1.1 (0.7, 1.8) 0.7254

& Cow and quarter level descriptors [% (n)]

® Herds range for the different descriptors [minch@b) — max herd(%)]
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Figure2. 1. Kaplan-Meier survival graph representing the pulity of a clinical cure at a given days
after the clinical mastitis event for two cliniaabstitis treatment programs. Clinical mastitis sasssigned
to the positive-control treatment program are repnéed by a solid line and cases assigned to theeu
based treatment program are represented by a disbed
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Figure2. 2. Kaplan-Meier survival graph representing the pumlity of milk to return to tank at a given
days after the clinical mastitis event for two @al mastitis treatment programs. Clinical mastases
assigned to the positive-control treatment progaaenrepresented by a solid line and cases assigribd
culture-based treatment program are representaddaghed line.
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CHAPTER Il

THE SELECTIVE TREATMENT OF CLINICAL MASTITIS BASED
ON ON-FARM CULTURE RESULTS DOES NOT AFFECT LONG-
TERM OUTCOMES: CLINICAL MASTITIS RECURRENCE,
SOMATIC CELL COUNT, MILK PRODUCTION AND COW

SURVIVAL

The objective of this multi-state multi-herd clinical trial was to report eretficacy of
using an on-farm culture system to guide strategic treatmentatecisi cows with
clinical mastitis. Four hundred and twenty two cows affected with mild or miedera
clinical mastitis in 449 quarters were randomly assigned to either a)tag@asintrol
treatment program or b) an on-farm culture-based treatment proguariefases
assigned to the positive-control group received immediate on-label intranmamma
treatment with Cephapirin Sodium. Quarters assigned to the culture-baseemteat
program were not treated until the results of on-farm culture were deternftere@4ahr
of incubation. Quarters in the culture-based treatment program that showed Gram-
positive growth or a mix infection were treated according to label insirugsing
intramammary Cephapirin Sodium. Quarters assigned to the culture-basednteatm
program that showed Gram-negative or no growth did not receive intramammapyther
It was already reported elsewhere that the selective treatmemntioékcthastitis based in

on-farm culture results reduces antibiotic use by half and tends to reduce milk
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withholding time without affecting short-term clinical and bacteriolabauire outcomes
(Lagoet al., 2009). The present article reports on long-term outcomes of the mentioned
study. There were no statistically significant differences betwesss@ssigned to the
positive-control and cases assigned to the culture-based treatment progsknand

days for recurrence of clinical mastitis in the same quarter (35% and 78sd48%0 and

82 days), linear somatic cell count (424.4), daily milk production (30.Gs. 30.7 kg),

and risk and days for culling or death events (28% and 160vda32% and 137 days)

for the rest of the lactation after enrollment of the clinical mastédse.

INTRODUCTION

Mastitis has been recognized as the most frequent reason for antibiotic usg cattle
(Sundlofet al., 1995; Mitchellet al., 1998; Pol and Ruegg, 2007). Problems attributed to
the use of antibiotics in animals include those of antibiotic residues and the potential
development of antibiotic resistance (Owenal., 1997; Barton, 2000; Set al., 2000;
Erskineet al., 2002; Makovec and Ruegg, 2003; Pitkatlal., 2004; Pol and Ruegg,

2007). Another concern, discarded milk following antibiotic treatment may accourst for a
much as 73% of lost marketable milk, and in herds that do not have a judicious treatment
program, losses from discarded milk alone can exceed $100 per cow in the herd per yea

(Bartlett, 1991).

It has been reported that 10 to 40% of cultures from CM cases yield no bacterial grow

(NG) and so do not require antimicrobial therapy. Another 40% of positive cultures
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(Gram-negatives, yeast) are not susceptible to most approved intramyaftiviid)

products (Robersoet al., 2003). Also, a high proportion of Gram-negative (GN)
infections are quickly cleared by the cow’s own immune system (althougbiatah
persistence of GN infections occurs) (Pyosildl., 1994; Erskinet al., 1992).

Conversely, intramammary (IMM) antibiotic therapy is routinely recomnuted for

infections caused by Gram-positive (GP) organisms su&taglsyl ococcus aureus,
Streptococcus agalactiae, and environmental streptococci species. Based on these
numbers, Roberson (2003) estimated that antibiotics labeled for IMM use would not be

justified for 50 to 80% of CM cases.

Consequently, CM treatment decisions should be based on culture results. However,
laboratory culture has not been routinely utilized by many dairies becaudmsetmhé

delay between submission of milk samples and reporting of results. Adoption of rapid on-
farm milk culture (OFC) systems could allow producers to make strategioient

decisions for CM cases, based on knowing the pathogen involved. The Minnesota Easy
Culture System (University of Minnesota, Saint Paul, MN), a commercial @$t€ns,

offers two different types of selective culture media systems. TipéaRBi-system is a

plate with two different types of agar: MacConkey agar on one half selgaosvs GN
organisms, while Factor agar on the other half of the plate selectively grows GP
organisms. Alternately, the Tri-plate system is a plate with threeehtféypes of agar.

In addition to including MacConkey agar (GN growth) and Factor agar (GP gratwth)

also includes a section of MTKT agar which is selective for streptococci.
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A previous paper has described that the selective treatment of clinicalsvested in
on-farm culture results reduces antibiotic use by half and tends to reduce milk
withholding time without affecting short-term clinical and bacteriolabauire outcomes
(Lagoet al., 2009). However, long-term outcomes may also represent an important
component of a clinical mastitis program economic impact. For example, in previous
clinical mastitis in field trials comparing antibacterial and no antdyedtCM treatments,

the risk for recurrence of CM did differ for mild CM cases where streptooare

isolated (Van Eenennaatal., 1995). In addition, quarter milk SCC has been showed to
be higher before and after CM (Sheldrakel., 1983; Schepert al., 1997; De Haast

al., 2002). Likewise, CM results in milk production losses for the rest of the lactation
(Houbenet al., 1993; Rajala-Schult al., 1999; Wilsoret al., 2004; Grohret al., 2008).

In USA conventional production systems milk production losses associated with CM has
been estimated to be over 500 kg over the entire lactation (Vlsbn2004). However,
because mature cows that suffer clinical mastitis are higher prodigfers the clinical

event than their herdmates, the milk production losses over the entire lactatiadsexcee
1,000 kg over the entire lactation. Similarly, several studies have reportedrlzat cli
mastitis significantly increases the risk of culling (Dohoo and Martin, 198/t .,

1985; Milian-Suaze@t al., 1989; Grohret al., 1997; Rajala-Schultat al., 1999; Grohret

al., 2008). The culling hazard rate for CM cows was estimated to be more than twice tha

of non-CM cows (Grohet al., 2008).

The objective of this study was to investigate the efficacy of using an g&&€hsto

guide strategic treatment decisions in cows with mild and moderate CM, orelomg-t
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outcomes in the same lactation including: a) risk and days to a recurrence cf\&eiv
in the same quarter, b) somatic cell count (SCC), ¢) milk production, and d) cow survival

post-enrollment (culling and death events).

MATERIALS AND METHODS

Study Design

A randomized controlled field trial was conducted between June 2005 and April 2007 in
8 dairy herds. In each herd cows were enrolled into the study for a period not longer tha
6 months. These herds, 2 in Minnesota, 5 in Wisconsin and 1 in Ontario were a
convenience sample of commercial dairy farms from the North American IGress

Region. Selected producers were required to maintain compliance with the study
protocols and record keeping, trained personnel, individual animal identification,
refrigeration and freezer capacity, participate in a Dairy Hepddaeement Association
(DHIA) testing program, and demonstrate sufficient time and interdse istady. Herd

size ranged from 150 to 1,800 cows, averaging 850 cows. Herds’ housing systems, milk

production and SCC are described elsewhere (Egaglo, 2009).

Case Definition

Clinical mastitis was diagnosédmilk from one or more glands was abnormal in color,

viscosity,or consistency, with or without accompanying heat, pain, redmesselling
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of the quarter, or generalized iliness. All lactating cows in the herd weitdeFor
enrollment at the time of occurrence of CM, except cows exhibiting severadar r
CM (depression, anorexia, dehydration, fever), or any cow with fewer than three

functional teats.

Enrollment Process

Cows with CM were detected in the milking parlor by the milkers upon appoeciatti
clinical signs of mastitis (e.g. visible abnormal milk and/or quarter)elttdw met the
designated inclusion criteria for enroliment, herd personnel asepticdéygteal a single
milk sample from the affected quarter. For a first CM episode (cow not preywiousl
enrolled into the study), eligible cows for enrollment were randomly askfgtlewing a
simple randomization schedule to either the positive-control group (PC) orecbésed
treatment group (CB) by opening a pre-identified envelope following a séajuender.

If more than one quarter was affected, all affected quarters wegaeb$o the same
treatment group-or a second (or greater) CM episode in the same cow (i.e. cow had
been previously enrolled), in the same or in a different quarter, the quarter igas@ss

to the same treatment group as was previously assigned.

Treatment Groups

Positive Control Group
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Immediately after enrollment the quarter milk sample that had been edl\eess frozen
on-farm at -20 °C and the affected quarter(s) was infused with one syringe @200 m
Cephapirin Sodium (Cefa-L&kFort Dodge Animal Health, Fort Dodge, 1A). The
treatment was repeated once, 12 hours after the first treatment in actordiogj
directions. A milk-withdrawal period of 96 hours and a slaughter withdrawal period of

four days were followed after the last treatment.

Culture-Based Treatment Group

The aseptically collected milk sample(s) from the affected quarteas first cultured

on-farm using the Minnesota Easy Culture System (University of MinnesoRa8t

MN). This OFC system consists of a bi-plate which is a petri dish with twoethtfe

types of agar, MacConkey agar on one half selectively grows GN organisres, whi

Factor agar on the other half of the plate selectively grows GP organistesilédotton

swab was dipped into the milk sample and then plated onto the Factor media half of the
bi-plate, redipped into the milk, and then applied to the MacConkey media half of the bi-
plate. The plate was placed in an on-farm incubator and incubated at approxinfagely 37
for 24 hours. The quarter milk sample that had been collected was then frozen on-farm a
-20 °C. The next day the plate was read and interpreted according to guidelines provided
for the Minnesota Easy Culture System. If bacteria did not grow, the platetvased

to the incubator and re-read approximately 24 hours later. Final results foaeguk s

plate were recorded as a) GP, when bacteria grew only in the Factonedjarof the bi-

plate, b) GN, when bacteria grew only in the MacConkey agar media of the bi-plate, c)
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NG, when bacteria did not grow in either media, and d) mix infection when bactevia gre
in both media. The decision about initiation of IMM antibiotic therapy the day after
enrollment of the CM case was based on the on-farm culture results. Quartershifobm w
GP bacteria were isolated or had a mix infection received the same INtNbant

treatment following the same procedures than cases assigned to P©@nHi#nen culture

result was GN or NG, then the quarter did not receive IMM therapy.

Long term outcomes for the next 365 days or the end of the current lactation,

which ever came first, recorded by farm personnel and captured through DHIA

records included whether or not the quarter experienced a relapse of clinical

mastitis, milk production, somatic cell count, and sale or death.

Laboratory Bacteriological Culture

Aerobic culture methodologies for frozen milk samples (enroliment day 0, day 14, day

21) collected on farms were standardized among labs at all three parngcgges and

performed in accordance with the National Mastitis Council guidelinesGNI499).

Detailed laboratory procedures were described somewhere elsegflahg@009).

Data Analysis — Definition of Outcome Variables

Risk and Days to Recurrence of Clinical Mastitis in the Same Quarter
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A recurrence was defined as detection of a new CM case in the same dueasr B4
days after the previous enrollment case of CM. Cow ID, affected quartex{sjate of
recurrent CM cases was retrieved from dairy farm management or stodgs.eCows
were followed until the end of the current lactation or 12 months after enrollment

(whichever came first).

Somatic Cell Count and Milk Production

Monthly DHIA SCC and milk production records from individual cows were retrieved
for the entire lactation from the on an-famecord keeping system (DairyComp305;

Valley Agricultural Software, Tulare, CA). The test records used in thigsisalere

those up to 12 months after enrollment of the CM case. Milk SCC were log transformed
to normalize the data to linear SCC (LSCC) using the linear SCC formul& ESC

[LOGe(SCC)/0.6931] — 3.6439 (Ali and Shook, 1980).

Risk and Days to Culling

For all cows in the study, the removal date (culling/death) was retriemacie on an-

farmrecord keeping system (DairyComp3¥ajley Agricultural Software, Tulare, CA).

Cows were followed until the end of the current lactation or up to 12 months after

enrollment (whichever came first).

Statistical Analysis - Models and Modeling Strategy
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Database summaries and plots were used for exploratory data analysisli&asostics
techniques were used to evaluate normality, independence, homoscedasticigarili

and linearity of variables.

General Linear Mixed Models (GLMM) for Continuous Outcome Variables

Continuous outcome variables such as milk yield and LSCC were modeled as a function
of explanatory variables using linear multivariable regres#ianultilevel GLMM was
constructed with milk yield / LSCC as a continuous, normally distributed response
variable. The model was specified with random variation allowed in threednma

levels; repeated measure of milk yield / LSCC within cow, variation gmows within

the herd, and variation among herds. This was accomplished with the MIXED procedure
of SAS version 9.1 (SAS Institute, Cary, N§y)specifying a correlation structure among
the repeatetheasurements of the same cow, and including a random statement to account
for clustering of cows within herds. In order to select the most appropriateacmear
structure we started with a full model with all confounding covariatesdgite&en into
account. Summary statistics and exploratory data analysis plots to ekgl@®/ariance
structure were created, and one model for each covariance structureedad ht

correlation structures that were evaluated include simple (no correlabom)pand
symmetrypanded diagonal, autoregressive, and unstructured (estirmatangelation for

each separate correlation). The different correlation structuresewaiteated using
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goodness of fit measures. The goodness of fit measures will irudieg likelihood (-

2LL), Akaike’s informatiorcriterion (AIC), and Bayesian information criterion (BIC).

Covariates such as cow parity, days in milk (DIM) at CM event, previous oncaroé a

CM case in the same quarter in the present lactation, number of quarteeslatiadt
etiology of infection were included in the model if it was a potential confounding
variable. Other covariates such as LSCC in the test prior to the CM evenwvakeraed

only when the estimated outcome was LSCC, and milk production in the test prior to the
CM event when the estimated outcome was milk production. To determine if a @variat
confounded the treatment effect on the outcome (milk yield or LSCC), the crudatesti

of treatment group (P&. CB) was compared with the adjusted estimate for that third
confounding variable. It was concluded that the variable confounded the association
between treatment group and outcome variable if the ratio between the diffefémee
crude estimate and the adjusted estimate versus the crude estimgteatersthan 10%.
Each variable was examined for potential confounding one at a time by regressien. O
the confounder variables were identified, the next step was to place all confoutmlers i
full model with two-way interaction terms between treatment and the confounde

order to simplify the model each non-significant interaction term was resnave at a

time using a backward stepwise approach, starting by the least signifieaatfion

term, and running the model again until there are no non-significant interactranite

the model. Next, with non-significant interaction terms removed from thelmbdes
determined whether there were main effect variables in the model thatetenean

interaction term that might be a confounder. The least significant term weoged and
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it was evaluated if this affected the treatment effect estimate, vathdal to assess
whether the variable confounded the treatment-outcome relationship. If theleavas

an important confounder, it was returned to the model and other variables weredassess
one at a time to see if they were confounders. The treatment variablereeakifothe

model regardless of tHevalue. Once all non-significant interaction terms were removed
as well as main effect variables that did not confound the exposure-outconumshigti

this was the final model. Final significance was declarétd<a0.05.

Time to Event Models

Binary responses with a ‘time to event’ component such as quarter risk and dayd to a C
recurrence or risk and days to removal from herd (culling/death) were modelgd us
survival analysis. Cox’s proportionahzards regression method was used to test the
logistic analysis explanatowmariables (see previously described covariates)
simultaneously for their associatiatith time until event (PROC PHREG). The standard
model was extended by including a frailty term reflecting a latenttedfssociated with

each herd and with each cow when the event of interest was at the quarter level.

Cows (and guarters) were censored when the event of interest happened or at the end of a
12 months follow-up period (whichever ocurred first). The assumption of independent
censoring between both treatment groups was assessed by comparing theproporti
censored cows or quarters between both treatment groups. In addition, a sensitivity

analysis looking at situations of complete positive correlation (every cow oeguart
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censored experienced the event of interest) or negative correlation (censcsed cow
guarters did not experienced the event of interest) between censoring avehthaf e
interest was done. If the violation of this assumption did not dramaticallytizdter

treatment effect estimate (<10%), it was concluded that censoring did nduicgrbias.

RESULTS

Descriptive Data

Four hundred and twenty two cows affected with CM in 449 quarters were enrolled in the

study. Two hundred and fourteen cows with 229 affected quarters were assigned to PC,

and 208 cows with 220 affected quarters were assigned to CB. Cow and quarter level

descriptors and etiology of infection at enrollment for both study groups wersbeels

elsewhere (Laget al., 2009).

Clinical Mastitis Treatment Program Effects

Risk and Days to Recurrence of Clinical Mastitis

There were no significant differences in the risk and days to recurreadcgéMfevent

between treatment programs [R95% CI) = 1.2 (0.9, 1.6); P = 0.2011] (Table 3.1 and

Figure 3.1). This risk was numerically higher in cases assigned to PC in 3thersiame

in 1 herd, and lower in 3 herds of the 7 herds where risk and days to recurrence of a CM
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event data was available. Clinical mastitis recurrence data was nabé&r one herd
because of misplacement of follow-up CM cases records. Covariates thateemahe
model because of confounding the treatment program effect on the risk and days to
recurrence of CM included number of quarters affected and the occurrenpeewicas

case of CM in the same quarter in the present lactation.

The risk and average days after enroliment to recurrence of a CM event imthe sa
quarter was 35% and 78 days or 43% and 82 days for cases assigned to PC and to CB,
respectively. The overall risk and average days to recurrence of a CM evd@,fGN
and GP cases were 41% and 81 days, 45% and 79 days, and 32% and 76 days,

respectively.

Somatic Cell Count

There was no difference in LSCC after enroliment between treatmemaprs [Diffc

(95% CI) = 0.1 (-0.2, 0.5); P = 0.4142] (Table 3.1 and Figure 3.1). The LSCC was
numerically higher in cases assigned to PC in 3 herds, the same in 2 herds, and3ower i
herds of the 8 herds enrolled in the study. No other covariates in addition to the
explanatory variable of interest, treatment program, remained in the modatbeaxf
confounding the treatment program effect on LSCC after enrollment. The aassigg
structure (AR), in which correlations between adjacent repeated saslhtount
measurements are higher than between measurements further apart, resudtee st

model fit, based on various goodness-of-fit measures.
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The estimated LSCC for the rest of the lactation after enrollment wasat£ &for
cows assigned to PC and to CB, respectively. The overall LSCC after eambfbmboth

CM treatment programs for NG, GN and GP cases were 3.9, 4.4 and 4.8, respectively.

Milk Production

There was no significant difference in milk production after enrollment batwee
treatment programs [D#& (95% CI) = 0.7 (-0.9, 2.3); P = 0.4431] (Table 3.1 and Figure
3.2). Milk production was numerically higher in cases assigned to PC in 4 herds and
lower in 4 herds of the 8 herds enrolled in the study. No other covariates in addition to
the explanatory variable of interest, treatment program, remained irotted because of
confounding the treatment program effect on milk production after enroliment. The
autoregressive structure (AR) also resulted in the best model fit, basedows var

goodness-of-fit measures.

The estimated daily milk production after enrollment was 30.0 and 30.7 kg for cows

assigned to PC and to CB, respectively. The overall daily milk production after

enrollment for both CM treatment programs for NG, GN and GP cases were 31.8, 30.6

and 28.8 kg, respectively.

Risk and Days to Removal from the Herd
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There was no significant difference in the risk and days to removal fromrheuneeto

culling or death, between treatment programsdHB5% CI) = 1.1 (0.7, 1.6); P =

0.5604] (Table 3.1 and Figure 3.3). This risk was numerically higher in cases ddsigne

the PC in 4 herds and lower in 4 herds of the 8 herds enrolled in the study. Covariates that
remained in the model because of confounding the treatment program effect ok the ris
and days to removal included parity of the cow, DIM at enrollment and etiology of

infection.

The risk and average days after enrollment to a culling or death event was@3%0a
days and 32% and 137 days for cases assigned to PC and to CB, respectively. The overall
risk and average days to a culling/death event for NG, GN and GP cases wened24%

155 days, 28% and 127 days, and 36% and 175 days, respectively.

DISCUSSION

Risk for recurrence of a CM event in the same quarter was not different bdiatbe

CM treatment programs. Similarly, in a clinical trial when compai@gQ@M recurrence
risk between antibacterial and no antibacterial CM treatments, it did net fdiffmild

CM cases where no bacteria or coliforms were isolated (Van Eeneshtahni995).
However, in the present study the recurrence risk of a CM event for both CM tieatme
programs was higher than previously reported. It may be due to different infection
pathophysiology characteristics or merely due to differences in thetmef] detection

and record keeping of CM cases among studies. Differences in etiologysappetr
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explain the high recurrence risk since the risk and days to recurren@\beaent was

not different among the different CM etiology classification groups.

Milk production and LSCC after enrollment was not different between CM treatme
programs. These results agreed with two previous clinical trials for whigh mil
production did not differ between antibacterial and no antibacterial CM tretgmaips

for mild CM cases where no bacteria or coliforms were isolated (Van Eenehah,

1995; Robersost al., 2004). However, another study reported that after resolution of
CM, cows given antibiotics along with supportive treatment returned to normal
performance, whereas cows given only supportive treatment alone incurreaiednti
loss (Shimet al., 2004). However, the latter study did not evaluate the effect of treatment
on milk production depending on the etiology of the CM case. In addition, the authors
hypothesized that the continued milk yield loss in CM cases that did not recebietanti
therapy could be the result of more persistent subclinical infections or nackedn
alteration of mammary gland function. That was not the case in this study,lenee t
were not differences between both treatment programs in the prevalendeldf dkhd

21-d after the CM event (Lag al., 2009).

The risk and days to culling between both CM treatment programs was not different.
These results agree with an earlier clinical trial for which the timmerhoval from the
herd after CM did not differ between antibacterial and no antibacteriahgaagroups

nor by etiology of infection (Van Eenennaatral., 1995).
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It has been reported in an accompanying manuscript that the use of an OFQ®ystem
guide the strategic treatment of CM reduced IMM antibiotic use by haliemaded to
reduce in one day the milk withholding time, without significant differences in-téront
clinical and bacteriological outcomes after CM (Lagal., 2009). Additionally, long-
term outcomes of the intervention were evaluated in this manuscript since they may
represent an important component of the overall economic impact of the intervention.
The recurrence risk of clinical mastitis appears to be a sensitive mdidatifferences in
treatment efficacy between treatments. For example in previous ti@lgdurrence risk
of clinical mastitis did differ for antibacterial and no antibacterial €&atment groups,

for mild CM cases where streptococci were isolated (Van Eeneearedm1995).

Similarly, several studies reported that after CM, quarter milk SC@leh{Sheldrake
etal., 1983; Schepert al., 1997; De Haast al., 2001), milk production is lower
(Houbenet al., 1993; Rajala-Schult al., 1999; Wilsoret al., 2004; Grohret al., 2008),
and the risk of culling is higher (Dohoo and Martin, 1984; & ., 1985; Milian-Suazo

et al., 1989; Grohret al., 1997; Rajala-Schulta al., 1999; Grohret al., 2008).
Consequently, these outcomes must be evaluated in order to compare the overall biologic

and economic impact of treatment interventions for CM.

The strengths of the present study are related to the validation of a progreat to tr
clinical mastitis. The success of the CB program not only depends on the oeffica
antibiotic IMM treatment in NG or GN cases, but also depends on the accurbey of t
OFC system, and the effects of a one day delay to initiate IMM antibiotepthe those

guarters selected for treatment. The label of IMM antibiotic admieit@a this study,
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Cefa-Lal® (Fort Dodge Animal Health, Fort Dodge, 1A) does not include efficacynslai
against Gram-negative bacteria. Two IMM antibiotic preparationgdite® (Fort

Dodge Animal Health, Fort Dodge, IA) and SpectrafhéBfizer Animal Health, New

York, NY), are currently approved in the USA with a label that claims effiagainst

clinical mastitis in lactating dairy cattle associated wsbherichia coli. The validity of

the present study results when used with antibiotics other than Cephapirin Sodium is not

known.

CONCLUSIONS

It has been reported elsewhere that the selective treatment ofl chastatis based in

OFC results halves antibiotic use and tends to reduce milk withholding time without
affecting short-term clinical and bacteriological outcomes (leigh, 2009). The

present article reports no differences in long-term outcomes such agmeeusf clinical
mastitis in the same quarter, somatic cell count, milk production, and cow survival for the
rest of the lactation after CM. Results of both analyses will be used to evileaiverall
cost-benefit of using an on-farm culture system to guide strategiméetdecisions in

cows with mild and moderate CM.
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TABLES

Table 3. 1. Clinical mastitis recurrence, somatic cell coumati)ydmilk yield and culling for two clinical
mastitis treatment programs (long-term outcomes).

Positive-Control Culture-Based Treatment Effect
Parameter Cowg Herd® Cows Herds Estimate (95% CI) P-value
Recurrence of Clinical Mastitis [% (n)] — QuartezJel
No growth 34 (68) 48 (73)
Gram-negatives3g (56) 52 (42)
Gram-positives29 (68) 34 (79)
All cases 35 (220) 23-40 43 (210) 22-63 HR=1.2(0.9,1.6) 0.2011
Linear Somatic Cell Count [% (n)] — Cow Level
No growth 3.9 £0.2 (57) 4.0 £ 0.2 (60)
Gram-negatives 4.3 + 0.3 (48) 4.6 £0.3 (44)
Gram-positives 4.7 + 0.3 (52) 4.9+0.2(63)

All cases 4.2+0.1(178) 3.2-5.8 4.4+0.1(178) 3.4-5.4 Diffpc= 0.1 (-0.2, 0.5)0.4431
Daily Milk Yield [Mean = SD (n)] — Cow Level

No growth 32.2 +1.0 (57) 31.4+1.0 (60)
Gram-negatives 30.0 + 1.1 (48) 31.5+1.3 (44)
Gram-positives 29.1 + 1.1 (52) 28.6 +1.1 (63)

All cases 30.0 + 0.6 (178)6-33 30.7+0.6 (178) 27-39 Diff= 0.7 (-0.9, 2.3)0.4142
Culling / Death [Mean £ SD (n)] — Cow Level

No growth 22 (58) 26 (65)

Gram-negatives3o (50) 25 (36)

Gram-positives37 (49) 35 (62)
All cases 28 (195) 19-60 32 (195) 11-43  HRpc=1.1(0.7,1.6) 0.5604

& Cow and quarter level descriptors
® Herds range for the different descriptors [minch@@b) — max herd(%)]
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Figure 3. 1. Kaplan-Meier survival graph representing the praligtof a recurrence of a clinical mastitis
case in the same quarter at a given days aftalitiieal mastitis event for two clinical mastitieatment
programs. Clinical mastitis cases assigned to dis#tipe-control treatment program are represenied b
solid line and cases assigned to the culture-b@eatinent program are represented by a dashed line.
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Figure 3. 2. Kaplan-Meier survival graph representing the iulity of culling or death at a given days
after the clinical mastitis event for two clinicabstitis treatment programs. Cows with clinical thias
assigned to the positive-control treatment progaaenvepresented by a solid line and cows assignttbt
culture-based treatment program are representaddaghed line.
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Figure 3. 3. Least square LSCC mean up to ten DHIA tests dfteclinical mastitis event for two clinical
mastitis treatment programs. Cows with clinical tiigsassigned to the positive-control treatmermigpam
are represented by a solid line and cows assigntitetculture-based treatment program are repredényt
a dashed line.

8.0

— —  Culture-Based Program -

7.5 Positive-Control Program

7.0 1

6.5 1

6.0

5.5 A

LSCC

5.0 4

4.5 +

4.0

3.5 A

30 T T T T T T T T T T T T

DHIA Test Number

115



Figure 3. 4. Least square milk yield mean up to ten DHIA testsrahe clinical mastitis event for two

clinical mastitis treatment programs. Cows withidal mastitis assigned to the positive-contrcotneent
program are represented by a solid line and cosigrasd to the culture-based treatment program are

represented by a dashed line.
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CHAPTER IV

EFFICACY OF TWO PROGRAMS DESIGNED TO DIAGNOSE AND
TREAT SUBCLINICAL INTRAMAMMARY INFECTIONS AFTER
PARTURITION ON ANTIBIOTIC USE, DAYS OUT OF THE TANK

AND BACTERIOLOGICAL OUTCOMES

The objective of this multi-state multi-herd clinical trial was to invesédhe efficacy of
using the California Mastitis Test (CMT) alone, or the CMT and an on-farm euést

in series, to diagnose and guide treatment decisions in cows with subcliniaatratist
parturition. A total of 1,885 cows from 14 herds were screened for enroliment into the
study at 1-4 days after parturition. Of those, 1,168 cows which had a negativee®MT r
on all four quarters were not assigned to any treatment group. A total of 717 chvas wit
least one CMT-positive quarter were randomly assigned to either a) aveegattrol
group (NC), b) a CMT-based treatment group (CMTB), or c) to a culture-basechént
group given a CMT-positive result (CB|CMT-pos). Quarters from cowgrassito NC

did not receive IMM antibiotic treatment. CMT-positive quarters from casgsgned to
CMTB received immediate on-label intramammary treatment with Ceph&undium.
Quarters from cows assigned to CB|CMT-positive were not treated untiktiiesref on-
farm culture were determined after 24 hr of incubation. Quarters from comyseas$o
CB|CMT-positive showed Gram-positive growth were treated accordiadpéd |

instructions using intramammary Cephapirin Sodium. Quarters assigneddGMTB|
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positive showed no growth, Gram-negative or a mixed infection did not receive
intramammary therapy. The risk to receive intramammary antiblegrapy for CMT-
positive cows and quarters assigned to CMTB was 100 and 50%, respectively. Toe risk t
receive intramammary antibiotic therapy for CMT-positive caws quarters assigned to
CB|CMT-pos was 40 and 15%, respectively. There was an increase in the ohals of
withheld from the market for cows in both study groups where intramammary ansbioti
were used, 6.3 days for CMTB [Diff(95% CI) = 4.7 (4.4, 5.0); P <0.0001] and 4.4
days for CB|CMT-pos [Diffc (95% CI) = 2.5 (2.0, 3.0); P <0.0001], compared to 1.7
days for NC. The odds for a bacteriological cure within 21 days of enrolineret
significantly higher for quarters of cows assigned to CMTB|QB5% CI) = 2.4 (1.5,
3.7); P =0.0002] and tended to be higher for quarters of cows assigned to CB|CMT-
positive [OR (95% CI) = 1.5 (0.9, 2.4); P = 0.07]. The proportion of quarters with
bacteriological cure was 59, 50 and 42% for quarters of cows assigned to,CMTB
CB|CMT-pos and to NC, respectively. Using NC as the reference, themneova
significant difference in the risk for new IMI for quarters from sagsigned to CMTB
[ORyc (95% CI) = 1.0 (0.8, 1.3); P = 0.99] and to CB|CMT-pos j©R5% CI) = 1.0

(0.8, 1.2); P =0.97]. The proportion of quarters with a new IMI was 44, 46 and 45% for
guarters of cows assigned to CMTB, CB|CMT-pos and to NC, respectively. wagmo
significant difference in the ICR risk (where ICR risk representeg@itbgence of

infection risk, CM risk, or removal from herd risk within 21 days after enrolinfent)
guarters from cows assigned to CMTB [@RO5% CI) = 0.8 (0.6, 1.1); P = 0.23] and to
CB|CMT-pos [ORc (95% CI) = 0.8 (0.6, 1.1); P = 0.23]. The ICR risk was 53, 58 and

59% for quarters of cows assigned to CMTB, CB|CMT-pos and to NC, respectively.

118



INTRODUCTION

Subclinical intramammary infection (IMI) at calving is a common occugeReported
prevalence of quarter IMI at parturition in North-American studiesegafigm 29% to
63% (Foxet al., 1994; Robersost al., 1994, Kirket al., 1996; Oliveret al., 1997,
Sargeantt al., 2001; Goddest al., 2003; Wallacest al., 2004). A negative relationship
between early lactation somatic cell count (SCC) and SCC, milk production ang cull
hazard during the first lactation has been established in heifers (Déé&flet@l., 2004,
De Vliegheret al., 2005a; De Vlieghegt al., 2005b). Consequently, there is a need to
prevent these infections from occurring, and to develop treatment strategiesnisidi
the disease impact. One potential approach to address this goal may bedp devel
programs to identify and treat (cure) subclinical IMI present at thiatieg of the

lactation.

One such strategy, the use of intramammary (IMM) antibiotic therapgablivl in the
prepartum period, is controversial. A series of trials evaluating the ®ffafeprepartum
IMM antibiotic therapy on subclinical mastitis in heifers duringyekattation concluded
that prepartum IMM antibiotic infusion at 7 or 14 d before expected parturition is an
effective procedure for eliminating many infections in heifers durirggdastation, and
for reducing the prevalence of mastitis in heifers during early iactahd throughout
lactation (Oliveret al., 1992; Oliveret al., 1997; Oliveret al., 2003; Oliveret al., 2004).

In that study, prepartum antibiotic-treated heifers had a lower prevaléntastitis
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pathogen isolation throughout lactation, produced significantly more milk than control
heifers and had significantly lower SCC than untreated control heifers.\doveemore
recent multi-state, multi-herd study reported that, while prepartum défibiotic

therapy did reduce the number of heifer IMI postpartum, milk production, SCC, and
reproductive performance during the first 200 d of the first lactation werefaoteaf by

treatment (Bornet al., 2006).

Another strategy to identify and treat subclinical IMI in periparturientscosuld involve
a cowside screening tool, the California mastitis test (CMT), a quxaitateasurement
of the SCC in milk. Recent studies using the CMT test in the first week aftargchave
suggested that there may be potential for its use as a screening tool fp sidrdinical
IMI in fresh cows (Sargeaet al., 2001; Wallaceet al., 2002; Dingwellet al., 2003).
However, a high false positive rate was reported. Dingstell (2003) reported that if
the CMT yielded a negative result, the producer could be 95% certain the querter w
truly uninfected. However, if the test yielded a positive result, theraw8% chance

that it was a false-positive result.

Controlled studies evaluating the efficacy of antibiotic therapy for IMIdaseCMT
testing in early lactation are scarce, and the ones carried out havedepieed results.
Rosenberg evaluated cure rates and SCC when CMT-positive quarters in eows aft
parturition were treated with IMM Cephapirin Sodium (Rosenkeeat}, 2002). It was
determined that by four weeks post-calving, quarters treated with Cephagamthad

significantly increased cure rates and SCC were significantly rddiosepared with
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untreated control quarters. Conversely, Walktcd. (2004), also randomly assigning
cows with CMT-positive quarters to receive either IMM Cephapirin Sodium or no
treatment, found that there was no difference in cure rates for IMM ardibiested

guarters for major pathogens compared to the untreated controls.

These early studies suggest that limitations of using the CMT test alonerasrarg
tool to identify IMI include i) poor test specificity in fresh cows, and ii) @MT test
cannot give information on the likely etiology of infection. Since many trasti
researchers consider that IMM antibiotic therapy may only be indicatbd tase of IMI
caused by Gram-positive pathogens, then using the CMT test alone could result in
unnecessary and inappropriate treatment of many fresh cows (Walshce2004). Due
to these limitations, it has been suggested that a rapid and accurate @oe+ifirmatory
test is needed to verify the presence and etiology of IMI present in CMilvpagilarters
of fresh cows. On-farm culture (OFC), a rapid and inexpensive on-farmodiagtool,
could conceivably be used as a confirmatory test, in conjunction with a screening tool
(such as CMT), to diagnose and guide strategic treatment of subclinical tieMvs after

parturition.

The objective of this study was to investigate the efficacy of using the GM€,ar

CMT and an OFC system in series, to diagnose and guide treatment decisions in cows
with subclinical mastitis after parturition. Outcomes evaluated inclugegliarter and

cow risk to receive IMM antibiotic therapy because of study assignmestdyb)of milk

withheld from market (days out of the tank), c) bacteriological cure within 21 dlays o
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enrollment, d) new intramammary infection (IMI) risk within 21 days of enroibyend
e) presence of infection, risk of clinical mastitis, or risk of removal frord {€R)

within 21 days of enroliment.

MATERIALS AND METHODS

Study Design

A randomized controlled field trial was conducted between June 2005 and August 2006
in 14 Holstein herds. In each herd cows were enrolled into the study for a period not
longer than 6 months. Study herds, 5 in Minnesota, 1 in Wisconsin and 8 in Ontario, were
a convenience sample of commercial dairy farms from the North Ame@ozat Lakes
Region. Selected producers were required to maintain compliance with the study
protocols and record keeping, have trained personnel, individual animal identification,
treatment facilities, appropriate drug storage capabilities, reftigerand freezer

capacity, participate in a Dairy Herd Improvement Association (DH#8iirig program,

and compliance. Herd size ranged from 40 to 4,000 cows (median 356 cows). Eight and
six of the herds utilized free-stalls and tie-stall housing systems, tegbedAnnual

milk production among those herds ranged from 8,600 kg to 12,600 kg, averaging 10,600
kg. Bulk tank milk SCC ranged from 125,000 cells/ml to 432,000 cells/ml, averaging

224,000 cells/ml.

Enrollment Process
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All cows in the first three days after calving were eligible foodment unless they
exhibited signs of clinical mastitis at time of calving, or had fewan three functional
teats. If the cow met the designated inclusion criteria for enrollnrenherdsman
aseptically collected a single milk sample from all four quarters aforpexd the CMT
on individual quarters. If the cow failed to meet the designated enrolimeantecrit
because of clinical mastitis, then a single milk sample was still tadldéom the

affected quarter(s).

California Mastitis Test

Herd personnel performed the CMT on individual quarters by stripping milk from each
guarter into of each of the four wells in the CMT paddle. The paddle was slightly tipped
to pour off any excess milk and to create an equal volume of milk, approximatelyn2 ml,
each of the 4 wells. Next, an equal volume of CMT solution was squirt into each of the 4
wells, creating an approximate 1:1 mixture of milk and CMT solution. Finally, thegaddl
was gently rotated and swirled for 5 seconds to mix milk and CMT solution. The
interpretation of the CMT results were as follows: a) negative when tlzera@avgel
formation; b) 1+ when there was light or mild thickening (includes trag@j avhen
moderately thick gel formed; and d) 3+ when a very thick gel was forneate(decame
elevated like a fried egg). CMT results for each one of the all four quartees

recorded. This use and interpretation of the CMT was in accordance witivide N

(1999) recommendations.
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Allocation to Treatment Group

For cows with a negative CMT result on all four quarters no treatment group was
assigned and no further action was taken with the cow. Previously collected quiirte
samples were frozen. Cows with at least one CMT-positive quarter were igndom
assigned following a simple randomization schedule to either a negative-guatrpl
(NC), a CMT-based treatment group (CMTB), or to a culture-based treagnoet
given a CMT-positive result (CB|CMT-positive) by opening a pre-idextiénvelope

following a sequential order.

Treatment Groups

Negative Control Group

Quarter milk samples that had been collected from all quarters from the cevirozm

on-farm at -20 °C. Quarters from cows assigned to the NC group did not receive IMM

antibiotic treatment.

CMT-Based Treatment Group

Immediately after enrollment the quarter milk samples that had been edlfeatn all

guarters from the cow were frozen on-farm at -20 °C. CMT-positive quartesstien
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infused with one syringe (200 mg) of Cephapirin Sodium (Cef&.Laért Dodge
Animal Health, Fort Dodge, 1A). The treatment was repeated once, 12 houthaftiest
treatment, according to label directions. A milk-withdrawal period of at 8&bkours

and a slaughter withdrawal period of four days were followed after thiedashent.

Culture-Based given a CMT-Positive Result Treatment Group

The aseptically collected milk sample(s) from CMT-positive quarterése first cultured
on-farm using the Minnesota Easy Culture System (University of MinnesoRa8t
MN). This OFC system consists of a bi-plate which is a petri dish with twoethtfe
types of agar, MacConkey agar on one half selectively grows Gramyeegeianisms,
while Factor agar on the other half of the plate selectively grows Grarivposi
organisms. A sterile cotton swab was dipped into the milk sample and then plated onto
the Factor media half of the bi-plate, redipped into the milk, and then applied to the
MacConkey media half of the bi-plate. The plate was placed in an on-farm imicabet
incubated at approximately %7 for 24 hours. The quarter milk sample that had been
collected was then frozen on-farm at -20 °C. The next day the plate was read and
interpreted according to guidelines provided for the Minnesota Easy CultuesrSyis
bacteria did not grow, the plate was returned to the incubator and re-read appgtyxim
24 hours later. Final results for each sample plate were recorded i@srapGsitive
(GP), when bacteria grew only in the Factor agar media of the bi-plateaim}i2gative
(GN), when bacteria grew only in the MacConkey agar media of the bi-pl&le, c)

growth (NG), when bacteria did not grow in either media, and d) mix infection when
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bacteria grew in both media. The decision about initiation of IMM antibiotic thehapy
day after enroliment was based on the on-farm culture results. Quartersiitoh GP
bacteria were isolated received the same IMM antibiotic treatrolboiving the same
procedures than quarters from cows assigned to CMTB. If the on-farm celufewas

GN, NG or a mix infection, then the quarter did not receive IMM therapy.

After enrollment farm personnel recorded the date and time when IMM arttibioti
treatments were administered and the number of days out of tank after parturiti
Study technicians visited the study herds once per week and aseptidelty col
single quarter milk samples from all quarters of enrolled cows at apprekymat

14 days post-enroliment (10-16 days post-enrollment) and 21 days post-
enrollment (17-23 days post-enroliment). All milk samples were transported on
ice to the regional mastitis culture laboratory (St. Paul, MN; Madison, WI or

Guelph, ON) and frozen at -20 °C until bacteriological culture was completed.

Laboratory Bacteriological Culture

Aerobic culture methodologies for frozen milk samples (enroliment day 0, day 14, day
21) collected on farms were standardized among labs at all three parngcgges and
performed in accordance with the National Mastitis Council guidelinesGNI499).
Briefly, individual quarter milk samples were thawed at room temperaturee \&thil

cold, 0.0Iml of milk was plated onto MacConkey agar and Factor agar using sterile

calibrated loops. Factor Agar, similarktMB agar (Beattyet al., 1985), selects for GP
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organisms while inhibiting the growth of GN bactewigh antibiotics. Inoculated plates
were incubated at 37°C. After incubation 18 to 24 h, all plates were observed for
microbial growthThose plates having growth were recorded and species identification
started. All plates were placed in the incubator for an addit8thtd 48 h and

reevaluated for microbial growth. ColoniesMacConkey agar plates were
presumptively identified based oalony morphology. Colony color was used as a means
of determiningf the organism on the plate was a lactose-fermenting orgaisisiaites

were also Gram stained to assist in organism identificaiaganism identity was
confirmed using the API 20E test (bioMerieux-VitélG. Hazelwood, MO). Colonies
suspected as being staphylocdiased on morphology were confirmed as staphylococci
based oratalase reaction and microscopic morphology. Organisms susptbtedg
Staphylococcus aureus were confirmed using the tubeagulase reaction. Those
organisms that were catalase-positined coagulase-negative were classified as
Staphylococcus spp.Catalase-negative streptococci were streaked onto TKT medium,
which is selective fo&treptococcus spp. only, to determirtbe esculin reaction and
presumptive identification prior mrganism confirmation using the API Streptococcus

identificationsystem (bioMerieux-Vitek, Inc. Hazelwood, MO).

Data Analysis — Definition of Outcome Variables

Risk to Receive IMM Antibiotic Therapy

None of the CMT-pos quarters from cows assigned to NC were treated, all CMiVepos

guarters from cows assigned to CMTB were treated with two infusion syring280of
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mg) of Cephapirin Sodium (Cefa-L8kFort Dodge Animal Health, Fort Dodge, IA).
However, for CMT-positive quarters from cows assigned to CB|CMT-positive only
quarters from which GP bacteria were isolated received antibiotimgaatnitially.
Whether a cow or a quarter was treated with IMM antibiotics was recasded

dichotomous variable (Yes/No).

Days Out of the Tank

The date and time when milk was first marketed after parturition waseaderded by
herd personnel. Number of days out of the tank was a continuous variable calculated as

difference between parturition date and date milk was marketed.

Bacteriological Cure Risk

A quarter was considered infected when one or two bacterial species olatedisrom a
guarter milk sample in the laboratory. The isolation of two bacterial spedies i
laboratory was considered a mixed infection. A quarter sample was considered
contaminated if three or more bacterial pathogens were isolated in thatdeapoA
bacteriological cure (Yes/No) within a quarter was defined as there®f one or two
microorganisms in the enrollment milk sample, and the absence of the samedpecifi
microorganism(s) in both d-14 and d-21 milk samples. A cow was considered cured

(Yes/No) if all infected quarters cured.
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New IMI Risk

A guarter was considered newly infected (Yes/No) whenever a new baspacies that
was not previously present in the enrollment sample (d-0) was isolated fronr qukte
samples collected either at d-14 or d-21 after enroliment based on witlaie cA cow

with a quarter new IMI was considered newly infected (Yes/No).

ICR Risk

The presence of infection, occurrence of clinical mastitis, or removal feodhdecause
of culling or death in the first 21 days after parturition described as a aiichas
outcome (Y =0 or 1) called ICR risk. Presence of infection (I = infection¢septed
the absence (0) or presence (1) of infection in quarter milk samples collglctgched-
14 or d-21 samples after enroliment. Quarters that could not be resampled at d214 or d-
after enrollment because the quarters experienced a clinicalisnastint (C = Clinical)
during the follow-up period were assigned an ICR risk value of 1. Similarly, caiéne
could not be resampled at d-14 or d-21 because cows were removed from the herd
because of culling or death (R = Removed) were assigned an ICR risk value of 1.
Analysis of the parameter called ICR risk (1/0) was done in an attemptioatk
potential omission bias created by not including, in the bacteriological cugeianal
quarters where no bacteria were isolated from the enrollment sample, atedsquar
without a follow-up culture result because of a clinical mastitis event oubethe cow

was removed from the herd.
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Statistical Analysis

Database summaries and plots were used for exploratory data analysisli&asstics
techniques were used to evaluate normality, independence, homoscedasticigarilli
and linearity of variables. Different models were used to evaluate the Gid B
CB|CMT-positive treatment programs effect on the outcomes of interest usimgse

from cows assigned the NC group as the reference.

Generalized Linear Mixed Models for Dichotomous Outcome Variables

Binary response variables such as quarter and cow risk for a bacteriotoge;ayuarter

and cow risk for a new IMI, and quarter and cow ICR risk were modeled as a function of
treatment group and other covariates using logistic multivariable segne3he

treatment effect on the risk for the listed outcome variables followirgller@nt was
analyzedy generalized linear mixed models using the GLIMMIX PROC of SAS wersi
9.1 (SAS Institute, Cary, NC) with cow (when the outcome was at the quasxtelsdnd

herd included as random effects.

General Linear Mixed Models for Continuous Outcome Variables

Days out of tank, a continuous outcome variable, was modeled as a function of

explanatory variables using linear multivariable regres#&ianultilevel model was
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constructed with days out of tank as a continuous, normally distributed response variable
The model was specified with random variation allowed in two hierarchicdsjeve

variation among cows within the herd, and variation among herds. This was
accomplished with the MIXED procedure of SAS version 9.1 (SAS Institute, Ca)y, NC

by including a random statement to account for clustering of cows withds.her

Covariates such as cow parity, quarter CMT result, number of quarter(sihiecsame
cow from which bacteria was isolated at the laboratory, and etiology ofiorfecere
included in the model if it was a potential confounding variable. To determine if a
covariate confounded the treatment effect on the outcome, the crude estimedenadrit
group (CMTBvs. NC) and (CB|CMT-positives. NC) was compared with the adjusted
estimate for that third confounding variable. It was concluded that the variable
confounded the association between treatment group and outcome variable ibthe rati
between the difference of the crude estimate and the adjusted estimateheecsudd
estimate was greater than 10%. Each variable was examined for patemitainding
one at a time by regression. Once the confounder variables were identified,ttbiepex
was to place all confounders into a full model with two-way interaction term&ée
treatment and the confounder. In order to simplify the model each non-significant
interaction term was removed one at a time using a backward stepwise apparteh, s
by the least significant interaction term, and running the model again ungiivileee no
non-significant interaction terms in the model. Next, with non-significantactien
terms removed from the model, it was determined whether there were neain eff

variables in the model that were not in an interaction term that might be a confounder.
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The least significant terms were removed and it was evaluated if thotedfthe

treatment effect estimate, with the goal to assess whether the vaoafdended the
treatment-outcome relationship. If the variable was an important confoundas, it w
returned to the model and other variables were assessed one at a time teegerdfd
confounders. The treatment variable was forced in the model regardles$ofatue.

Once all non-significant interaction terms were removed as well as flech\aariables

that did not confound the exposure-outcome relationship, this was the final model. Final

significance was declaredRt< 0.05.

RESULTS

Descriptive Data

A total of 1,885 cows were enrolled in the study. Of those, 1,168 had a negative CMT
result on all four quarters, which were not assigned to any treatment group, and 717 cows
with at least one CMT-positive quarter which were randomly assigned to the B

or CB|CMT-positive study groups. Two hundred and forty one cows were assigned to

NC, 232 cows to CMTB, and 244 cows were assigned to CB|CMT-positive. Cow and
quarter level descriptors and etiology of infection at enrollment for the skwdg groups

are shown in Table 4.1. The parity distribution of the cows enrolled was 46%, 25% and
29% for first, second and third or greater parity cows, respectively. The mean @ad me
DIM at enroliment was 1.5 and 1 days, respectively. The quarter CMT scoiteudiisi

for cows with at least one CMT-positive quarter enrolled in the study was 48%veega
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31% 1+, 14% 2+ and 7% 3+. As a result, the average number of CMT-positive quarters

for cows with at least one CMT-positive quarter was 1.9.

Bacteria were isolated from 43% of quarters from CMT-positive cows at el
Coagulase-negative staphylococci bacteria were the most commonlgdgoddihogen
(27% of quarters), followed by non-agalactiae streptococci (5% of quaBacd)us spp.
(5% of quarters)Xaphylococcus aureus (1% of quarters), and other infections (1% of
guarters). Gram-negative bacteria were isolated from only 2% of thegavithE. coli
isolated from 1% of all quarters. Other GN isolates includileysiella spp.,

Enterobacter spp., argérratia spp. represented 1% of all quart&tseptococcus
agalactiae was not isolated from any of the quarters. The non-agalactiae streptococci
including Enterococcus spp.,Streptococcus uberis, Aerococcus spp. andstreptococcus
dysgalactiae represented 2%, 1%, 1% and less than 1% of all quarters. Other bacteria
such asArcanobacterium pyogenes, Corynebacterium bovis, andCitrobacter spp. each

represented less than 1% of quarters.

Treatment Programs Effects

Risk to Receive IMM Antibiotic Therapy because of Study Assignment

The risk to receive IMM antibiotic therapy for cows and quarters asstgreMTB was

100 and 50%, respectively (Table 4.2). The quarter risk ranged from 31 to 75% for the 14

dairy herds enrolled in the study. At the herd level (including in the denominator of the
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proportion the CMT-negative cows) the risk to receive IMM antibiotic therapgdes

and quarters assigned to CMTB was 37 and 19%, respectively (Table 4.1).

The risk to receive IMM antibiotic therapy for cows and quarters asstgrne8|CMT-

pos was 40 and 15%, respectively (Table 4.2). The cow risk ranged from 0 to 100% and
the quarter risk ranged from O to 27% for the 14 dairy herds enrolled in the studg. At t
herd level (including in the denominator of the proportion the CMT-negative cows) the
risk to receive IMM antibiotic therapy for cows and quarters assigned NCBpos

was 15 and 6%, respectively (Table 4.2). The etiologic classificatiorbdisbmn based in
OFC for CMT-positive quarters assigned to CB|CMT-pos was 60% NG, 4% GN and 3%
mix infections (did not receive IMM antibiotic therapy), and the 33% of the CMT-

positive quarters were GP (received IMM antibiotics).

Days out of the Tank

The mean and median days of milk withheld from the market for CMT-positive cows
assigned to NC (cows did not receive IMM treatment in any quarter) was 1.7 and 2.0
days. This time was 6.3 and 6.0 days for CMT-positive cows assigned to CMTB (all

cows received IMM treatment in CMT-positive quarters) [Rif05% CI) = 4.7 (4.4,

5.0); P <0.0001] (Table 4.2). This mean time ranged from 4.0 to 8.3 days for the 14 dairy
herds enrolled in the study. No other covariates in addition to the explanataty e af
interest, treatment program, remained in the model because of confounding theriteat

program effect on days of milk withheld from the market.
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The mean and median days of milk withheld from the market for CMT-positive cows
assigned to CB|CMT-pos (cows received IMM treatment if GP bacteriawitased on-

farm from CMT-positive quarters) was extended to 4.4 and 3.0 days{(8§% CI) =

2.5 (2.0, 3.0); P < 0.0001] (Table 4.2). This mean time ranged from 1.8 to 7.3 days for the

14 dairy herds enrolled in the study. This time was 7.8 days for cows that reidéied
treatment and 2.0 days for not treated cows. Other than the variable degoeiimgnt

program, no other covariates remained in the model.

Quarter Milk Bacteriological Culture Follow-Up

Bacteriological Cure Risk

The proportion of quarters with bacteriological cure was 42% and 59% for quarters of
cows assigned to NC and to CMTB, respectively. This quarter-level rigk for
bacteriological cure was higher for quarters of cows assigned tdBGMah for quarters

of cows assigned to NC [QR(95% CI) = 2.4 (1.5, 3.7); P = 0.0002] (Table 4.3). The
only covariate that remained in the quarter-level model because of confounding the
treatment program effect on bacteriological cure risk was etiabgyection. At the

cow level, the proportion of cows with bacteriological cure was 35% and 47% for cows
assigned to NC and to CMTB, respectively [@5% CI) = 1.6 (0.9, 2.7); P = 0.1186]
(Table 4.3). The only covariate that remained in the cow-level model lsectius

confounding the treatment program effect on bacteriological cure risk was maimbe
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guarter(s) from the same cow from which bacteria was isolated at thattatyor
Although it was not a stated objective of this study, it was interesting to oblsatve t
among quarters within cows assigned to CMTB, the bacteriological skrriinfected
guarters that received IMM antibiotic treatment (CMT-positive quarteas)61% and
for infected quarters that that did not receive IMM antibiotic treatmeviif(@egative

guarters) was 57%.

The proportion of quarters with bacteriological cure was 42% and 50% for queotars f
cows assigned to NC and to CB|CMT-pos, respectively. This represenead $otr a
higher risk for a bacteriological cure for quarters of cows assigned @\MCIBpos than
for quarters of cows assigned to NC [@R95% CI) = 1.5 (0.9, 2.4); P = 0.0782] (Table
4.3). The only covariate that remained in the quarter-level model because of corgoundin
of the treatment program effect on bacteriological cure risk was etiofagfection. At
the cow level, the proportion of cows with bacteriological cure was 35% and 34% for
cows assigned to NC and to CB|CMT-pos, respectively{f@¥% CI) = 0.9 (0.5, 1.6);

P =0.7284] (Table 4.3). Covariates that remained in the cow-level model betause o
confounding of the treatment program effect on bacteriological cure rigktine cow
lactation number and number of quarter(s) from the same cow from which baesria
isolated at the laboratory. Among quarters from cows assigned to CB|CMTw#pos, t
bacteriological cure risk was 65% for CMT-negative quarters frons ¢bat received
IMM antibiotic treatment, 54% for CMT-positive quarters from cows thativeddMM
antibiotic treatment, 48% for CMT-negative quarters from cows that did novedtéMv

antibiotic treatment, and 36% for CMT-positive quarters from cows that did notegece
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IMM antibiotic treatment. The bacteriological cure risk for GN quarteroafs assigned
to NC, CMTB and CB|CMT-pos was 81%, 92% and 82%, respectively. The
bacteriological cure risk for GP quarters of cows assigned to NC, CMTB Bj@&MT -

pos was 39%, 58% and 49%, respectively.

New IMI Risk

The proportion of quarters with a new IMI was 45% and 44% for quarters from cows
assigned to NC and to CMTB, respectively. There was no significant diffarensk

for new IMI between quarters from cows assigned to CMTB and quarters from cows
assigned to NC [OR (95% CI) = 1.0 (0.8, 1.3); P = 0.9919] (Table 4). Covariates that
remained in the quarter-level model because of confounding of the treatmeanprog
effect on new IMI risk included the quarter CMT result, number of quarter(s) frem t
same cow from which bacteria was isolated at the laboratory and etiologgaifan. At

the cow level, the new infection risk was 77% and 82% for cows assigned to NC and to
CMTB, respectively [OR: (95% CI) = 1.2 (0.5, 2.6); P = 0.6479] (Table 4.4). Covariates
that remained in the cow-level model because of confounding of the treatmentrprogra
effect on new IMI risk included the number of quarter(s) from the same oowihich
bacteria was isolated at the laboratory and etiology of infection. Amontgcgiaom

cows assigned to CMTB, the new IMI risk for quarters that received IMNdiatit
treatment (CMT-positive quarters) was 39% and for quarters that that deceoter

IMM antibiotic treatment (CMT-negative quarters) was 48%.
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The proportion of quarters with a new IMI was 45% and 46% for quarters from cows
assigned to NC and to CB|CMT-pos, respectively. There was no significartmitten
risk for new IMI between quarters from cows assigned to CB|CMT-pos and quiaoters
cows assigned to NC [QR(95% CI1) = 1.0 (0.8, 1.2); P = 0.9756] (Table 4.4).
Covariates that remained in the quarter-level model because of confounding of the
treatment program effect on new IMI risk included the cow lactation numbehanwoh
guarter(s) from the same cow from which bacteria was isolated at thattatyand
etiology of infection. At the cow level, the new IMI risk was 77% and 82% for cows
assigned to NC and to CB|CMT-pos, respectively|QB5% CI) = 0.9 (0.7, 1.2); P =
0.5547] (Table 4.4). The only covariate that remained in the cow-level model because of
confounding of the treatment program effect on new infection risk was cowdactat
number. Among quarters from cows assigned to CB|CMT-pos, the new IMI risk was
44% for CMT-negative quarters from cows that received IMM antibiotic tesattrd 1%
for CMT-positive quarters from cows that received IMM antibiotic treatn8% for
CMT-negative quarters from cows that did not receive IMM antibiotic treatraadt
48% for CMT-positive quarters from cows that did not receive IMM antibioti¢nireat.
The overall risk for new IMIs for the three study groups for NG, GN and GPegsiaras

44%, 43% and 46%, respectively.

ICR Risk

The ICR risk was 59% and 53% for quarters of cows assigned to NC and to CMTB,

respectively. There was no significant differences in the ICR rigkggents the presence
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of infection risk, CM risk, or removal from herd risk within 21 days after enrollment)
between quarters from cows assigned to CMTB and quarters from cowsedssigNC
[OR\c (95% CI) = 0.8 (0.6, 1.1); P = 0.2327] (Table 4.5). The only covariate that
remained in the quarter-level model because of confounding of the treatmeatprogr
effect on the ICR risk was number of quarter(s) from the same cow from whiehidac
was isolated at the laboratory. At the cow level, the ICR risk was 87% and 85&wfor ¢
assigned to NC and to CMTB, respectively [@5% CI) = 0.9 (0.5, 1.8); P = 0.8978]
(Table 4.5). Covariates that remained in the cow-level model because of confotieding t
treatment program effect on the ICR risk included the cow lactation number arltemum
of quarter(s) from the same cow from which bacteria was isolated at thet¢ap@nad
etiology of infection. Among quarters from cows assigned to CMTB, the new IMI ris
for those that received IMM antibiotic treatment (CMT-positive quarteas)56% and

for those that that did not receive IMM antibiotic treatment (CMT-negatingters) was

51%.

The ICR risk was 59% and 58% for quarters of cows assigned to NC and to CB|CMT-
pos, respectively. There was no significant differences in the ICR rizlegents the
presence of infection risk, CM risk, or removal from herd risk within 21 days after
enrollment) between quarters from cows assigned to CB|CMT-pos and quarters f
cows assigned to NC [QR(95% CI1) = 0.8 (0.6, 1.1); P = 0.2366] (Table 4.5). The only
covariate that remained in the quarter-level model because of confoundigg of t
treatment program effect on the ICR risk was number of quarter(s) frorartteecow

from which bacteria were isolated at the laboratory. At the cow level, Redi€ was
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35% and 47% for cows assigned to NC and to CB|CMT-pos, respectively (@0

Cl)=1.0 (0.5, 2.0); P =0.9022] (Table 4.5). The only covariate that remained in the cow-
level model because of confounding of the treatment program effect on theskGiRas
number of quarter(s) from the same cow from which bacteria were isoldtex at

laboratory. Among quarters from cows assigned to CB|CMT-pos, the ICR issk2fa

for CMT-negative quarters from cows that received IMM antibiotic itneat, 58% for
CMT-positive quarters from cows that received IMM antibiotic treatn3% for CMT-
negative quarters from cows that did not receive IMM antibiotic treatmen@l&ador
CMT-positive quarters from cows that did not receive IMM antibiotic treatnTdre

overall ICR risk for the three study groups for NG, GN and GP quarters was 45%, 49%

and 74%, respectively.

DISCUSSION

This study evaluated the efficacy of two novel programs designedntifydend treat
subclinical mastitis in cows after parturition. These programs differh NC not only

on the administration of IMM antibiotic treatment of quarter IMIs aftetyvdion, but

the success of the CMTB and CB|CMT-pos programs also depended upon the accuracy
of the CMT and OFC systems. Thus, the CMTB program was based on identifying for
treatment cows and quarters based on CMT results alone, and the CB|CMT-pos program
was based on the sequential testing using OFC to diagnose Gram-positives-in CMT

positive quarters. Another strength of this study was that it measured prdtgets @ot
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only on the bacteriological cure risk, but also measured program effects on other
outcomes that are likely to be of biological, practical and economic importanceyto dair
producers, including the number of doses of IMM antibiotics used and days that milk was
withheld from the market. Moreover, long-term effects of the progranmsated,

including effects on SCC, milk production, clinical mastitis risk, and cull risk throughout

the entire lactation, will be reported in a separate manuscript.

All cows assigned to CMTB received IMM antibiotic treatment. Because@&%ws

after parturition had at least a CMT-positive quarter, and because 49% of tleesquart
from CMT-positive cows tested positive to the CMT, this resulted in appliiing |

antibiotic treatment to almost half of the quarters from CMT-positive cowsveélsely,

only 40% of the cows and 15% of the quarters assigned to CB|CMT-pos received
treatment. Consequently, there was an increase on the days of milk withhettdrom
market for both study groups where IMM antibiotics were used, CMTB and\CB|C

pos study groups, compared to NC. Cows assigned to CMTB required 12 hours to apply
both IMM treatments and at least a 96 hours milk withdraw period afterwardsndhe e
result was 6.3 days out of the tank after parturition for cows assigned to CMTR vers
the 1.7 days required for cows assigned to NC. In cows assigned to CB|CMT-pos, only
40% of the cows with CMT-positive quarters that grew GP on OFC were treaked wit
IMM antibiotics. Conversely, treatment was delayed one day while waitingdddFC
results. The end result was 4.4 days out of the tank for cows assigned to CB|CMT-pos,
2.0 days for non treated cows and 7.8 days for treated cows. The increase in expenses

resulting from IMM antibiotic treatment and the additional days out of the tdhkewi
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used to evaluate the overall cost-benefit of using the CMT and an OFC systedeto gui

strategic treatment decisions in cows after parturition.

In the present study, the bacteriological cure at the quarter and cosviaasehigher for
CMT-positive cows assigned to CMTB than for cows assigned to NC. Controlledsstudie
evaluating the efficacy of antibiotic therapy for IMI based on CMT testirgarly

lactation are scarce, and the ones carried out have reported mixed resuttbeRpse
evaluated cure rates and SCC when CMT-positive quarters in cows afteitipartvere
treated with IMM Cephapirin Sodium (Rosenbetgl., 2002). It was determined that by
four weeks post-calving, quarters treated with Cephapirin Sodium had sigiyficant
increased bacteriological cure rates compared with untreated controrgjudaeever,

cure risks by bacteria classification groups were not reported in this Sahversely,
Wallaceet al. (2004), also randomly assigning cows with CMT-positive quarters to
receive either IMM Cephapirin Sodium or no treatment, found that there was no
difference in cure rates for IMM antibiotic-treated quarters foomagthogens

compared to the untreated controls. However, there was an advantage for curengites usi
antibiotics against environmental streptococcal infections. Quarterstreiggtazocci
infections were 3.5 times more likely to cure if treated with sodium cephapamniraty

to Wallaceet al. (2004) findings, in the present study the greater numerical differences in
bacteriological cure between quarters from treated cows and quastarsritreated

cows occurred at bacteria classification groups other than non-agaktoiptococci,
especially for quarters whe8aphyl ococcus aureus, coagulase-negative staphylococci

or Bacillus spp. were isolated. It may be due to that in our study the bacteriological cure
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risk for non-agalactiae streptococci in quarters assigned to NC wasyalsrgichigh,
88%. However, much lower bacteriological cure risk, below 40%, was observed in non
treated quarters wheB8taphylococcus aureus, coagulase-negative staphylococci or

Bacillus spp. were isolated.

The finding that the bacteriological cure risk was higher for CMT-positives assigned
to CMTB (CMT-positive quarters received IMM antibiotic treatment) tloarCiMT-
positive cows assigned to NC (CMT-positive quarters did not receive IMM atitibi
treatment) (59s. 42%), that the bacteriological cure risk was the same for CMT-positive
and CMT-negative quarters from CMT-positive cows assigned to NC (42%), anldeha
bacteriological cure risk was similar (82 57%) for CMT-negative quarters from CMT-
positive cows (did not receive IMM antibiotic treatment) and for CMT-positivetexsa
from CMT-positive cows (received IMM antibiotic treatment) assigoe@NMTB, may
suggest that IMM treatment is also efficacious in non treated quartessottzer quarter
from the same cows is treated. This finding holds even if the bacteriologrealisk is
stratified by etiology of infection. Although variables that we did not tateaccount
could be potential confounders, different etiology of infection between CMT-poaiiive
CMT-negative quarters of CMT-positive cows is not confounding this finding.
Accordingly, it has been reported the transference of antibiotics fratedréo non
treated quarters (Blobel, 1960; Hawkins et al., 1962; Leonard et al., 1988). This

hypothesis requires further study.
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It has been suggested that a rapid and accurate method for confirming eEasnc
etiology of infection in CMT-positive quarters is needed, because the CMdldast
lacks specificity in fresh cows and because only Gram-positive pathogasmaigered
appropriate for antibiotic therapy (Wallagteal., 2004). On-farm culture was used in
CMT-positive quarters from CMT-positive cows assigned to CB|CMT-pos to diagnose
and guide selective treatment of GP IMI in cows after parturition. Theralogical

cure risk for quarters from cows assigned to CB|CMT-pos was numericgtigrhbut

not significantly different than for quarters from cows assigned to NC. Théesma
magnitude of the treatment effect in bacteriological cure risk for gqaassigned to
CB|CMT-pos in comparison to quarters assigned to CMTB may be due to random
chance, to the imperfect accuracy of the OFC to identify GP, or to the haineffiect of
treatment in GN and/or NG quarters. Lago et al. (2009) reported that if dhr@dre
decision of CMT-positive quarters after parturition was based on GP growth gn OFC
26% of the non treated quarters should have received treatment. This low negative
predictive value was due to the low sensitivity of the OFC to identify GP when the
prevalence on infection was low. Therefore, this quarter bacteriologatas st
misclassification that deprives from IMM treatment CMT-positive quatteat would
benefit from it may be biasing towards the null the treatment effect. The withhati
antibiotic treatment from GN quarters does not appear to influence the overall
bacteriological cure risk for quarters of cows assigned to CB|CMT-pos giey only
represent 4% of all the quarter bacteriological infections. HowevéQuid be
remembered that the antibiotic used in the current study was not labeled for tzse-in g

negative IMI. Future studies should investigate if use of a more broadespectr
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antibiotic might produce different results in quarters with GN infectionst# of 241

and 244 cows with 942 and 957 quarters were enrolled into each the NC and CB|CMT-
pos study groups, respectively. However, because bacteriological gueasi®nly
calculated from quarters where bacteria were isolated at enrollinepipier to detect a
difference in bacteriological cure risk of 8% in excess of 95% confidence enanting

for the clustering of quarters within cows and cows within herds was only 42%.

The ICR risk at 14 and 21-d after enrollment at the quarter and cow levels was
numerically higher, although not significant different, for CMT-positive cassgned to
CMTB than for cows assigned to NC. Lag@l. (2009) suggested that the ICR risk may
be a better outcome measure of both programs treatment decisions than baciriologi
cure risk since it represents both the bacteriological cure risk and netiomfiesk
immediately after enrollment, includes in the analysis those quarterdacezia were

not isolated from the enrollment sample (58% of the quarters). The omission of quarters
where bacteria were not isolated from the enroliment sample in the bagisadl

analysis could introduce selection bias due to omission of data from the andiysisit
may more truly reflect the success of the intervention in the quarter anfetéitus. The
inclusion, in the calculation of the ICR risk, of quarters without a follow-up culas@t
because of clinical mastitis or removal from the herd was also done in aptatiem
reduce potential omission bias. Using the ICR risk as a dependent variable, tieene we
differences between CMT-positive cows assigned to CB|CMT-pos and ferassigned

to NC for those outcomes from 14 to 21-d after enrollment. The explanations given

previously, sensitivity limitations of the OFC to identify GP when the prevalemce

145



infection is low and not enough statistical power to claim numerical differeaces a
statistically different, for not finding significant differences in leaiciogical cure
between CMT-positive cows assigned to CB|CMT-pos and for cows assigned to NC

would explain the no finding of significant differences in the ICR risk.

The use of the CMT alone, or CMT and an OFC system in series, to diagnose and guide
treatment decisions in cows with subclinical mastitis after parturiésualted in a higher
bacteriological cure risk within 21 days after enrollment. Nevertbelkes

implementation of both programs implied an additional use of antibiotics and an increase
on the days of milk withheld from the market. Long-term outcomes of the intermenti

such as lactational clinical mastitis incidence, SCC, milk production, repreglucti
performance and cow survival will be reported in a different manuscripédsed

revenues and additional expenses resulting from implementing both prograaleoatr

cost, CMT and OFC implementation costs, antibiotic expenses and more days of milk
withheld from the market will be used to evaluate the overall cost-benefit ofthging

CMT and an OFC system to guide strategic treatment decisions in cows dfiatipa.

CONCLUSIONS

The use of the CMT to identify cows and quarters for the strategic treavite IMM
Cephapirin Sodium of subclinical IMI after parturition resulted in a signifigdmgher
bacteriological cure risk and reduced the ICR risk within 21 days aftelfreant. The

implementation of this program required the administration of IMM treatment tcod9%
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the quarters from cows with at least a CMT-positive quarter (38% of cosvs aft
parturition) and extended the time that milk is withhold from the market from 1.7 to 6.3
days. The selection for treatment of only CMT-positive quarters where Gétihacas
isolated using OFC required less antibiotic use (40% of the cows and 15% of thesquarte
of the cows with at least a CMT-positive quarter) and days out of the tank (4.4 days),
however the higher numerical bacteriological cure risk and lower ICRausidfin
comparison to quarters from CMT-positive cows assigned to NC, was not shyistic
different. Results of this study, in addition to long-term outcomes (to be reported
separately), will be used to evaluate the overall cost-benefit of usingviiea@d an

OFC system to guide strategic treatment decisions in cows after fpamturi
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TABLES

Table4. 1. Cow and quarter level descriptors and etiologynéddtion at enroliment for CMT-positive
cows assigned to the three study groups.

Negative-Control CMT-Based Culture-Based
Parameter
Sample Size
# of quarters enrolled 942 917 957
# of cows enrolled 241 232 244
Parity [% (n)] — Cow Level
g 42 (102) 49 (114) 49 (118)
2 29 (69) 25 (57) 21 (52)
3% 29 (70) 26 (61) 30 (74)
DIM at Enroliment (days) — Cow Level
Mean 1.4 (241) 1.4 (232) 1.4 (244)
Median 1.0 (241) 1.0 (232) 1.0 (244)
CMT Score [% (n)] — Quarter Level
Negative 46 (430) 49 (440) 50 (471)
1+ 35 (324) 31 (282) 28 (261)
2+ 13 (117) 16 (145) 14 (130)
3+ 6 (59) 4 (40) 9 (84)
Number of Quarters with Bacterial Growth per Cow (%] — Cow Level
0 26 (57) 22 (45) 23 (49)
1 23 (49) 28 (57) 25 (54)
2 25 (55) 23 (47) 26 (55)
3 14 (30) 19 (37) 17 (36)
4 12 (25) 8 (15) 9 (20)
Etiology [% (n)] — Quarter Level
No growth 58 (513) 57 (470) 58 (508)
Gram-negatives 2 (19) 2 (16) 2 (15)
Escherichia coli 1(11) 1(9) 1(8)
Klebsiella spp. <1 (4) <1 (4) <1 (5)
Gram-positives 38 (333) 39 (322) 39 (338)
Non-ag. streptococci 4 (39) 6 (50) 5 (40)
Saphylococcus spp. 27 (236) 27 (228) 28 (252)
Saph. aureus 1(11) 2 (15) <1 (5)
Bacillus spp. 5 (43) 3 (29) 5 (47)
Other 1(12) <1 (4) <1 (4)
Mix Infection / Contaminated 2 (17) 3 (21) 2 (17)
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Table 4. 2. Risk to receive IMM antibiotic therapy for all cowsrolled or only CMT-positive cows, and days oluthe tank for cows assigned to the

three study groups.

. Treatment Effect Treatment Effect
Negative-Control  CMT-Based - Culture-Based .
Parameter Estimate (95% CI)  P-value Estimate (95% CI) P-value
Risk to Receive IMM Antibiotic Therafiy% (n)] — All Cows Enrolled
Quarter Level 0 (2474) 19 (2449) 6 (2489)
Cow Level 0 (630) 37 (621) 15 (633)
Risk to Receive IMM Antibiotic Therafy% (n)] — CMT-Positive Cows
Quarter Level 0 (942) 50 (917) 15 (957)
Cow Level 0 (241) 100 (232) 40 (244)
Days Out of the Tank [Mean + SD (n)] — Cow Level
Treated --- 6.3 +£2.2(227) 7.8 £3.1(96)

Non treated 1.7+1.6 (238) ---

AllCows 1.7+1.6(238) 6.3+2.2(227) Diffc = 4.7 (4.4, 5.0)

2.0 +2.0 (142)
<0.00014.4 + 3.8 (238)  Diffnc = 2.5 (2.0, 3.0) <0.0001
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Table 4. 3. Quarter level bacteriological cure risk at 14+3 2443 days after enrollment for cows assigned ¢attinee study groups.

Treatment Effect

Negative-Control CMT-Based

Culture-Based

Treatment Effect

Parameter Estimate (95% CI) P-value Estimate (95% Cl) P-value
Bacteriological Cure Risk [% (n)]
Quatrter level 42 (280) 59 (252) ORyc=2.4(15,3.7) 0.0002 50 (260) ORy=1.5(0.9,2.4) 0.0782
Cow level 35 (133) 47 (129) ORyc=1.6(0.9,2.7) 0.1106 34 (132) ORy=0.9(0.5,1.6) 0.7284
Bacteriological Cure Risk by Etiology [% (n)] — Qtex Level
Gram-negatives 81 (16) 92 (12) 82 (11)
Gram-positives 39 (260) 58 (240) 49 (246)
Non-ag streptococ8&8 (32) 86 (35) 84 (31)
Saphylococcus spp.31 (182) 48 (171) 43 (175)
Saph. aureus 30 (10) 73 (11) ---
Bacillus spp. 39 (33) 77 (22) 56 (36)

Bacteriological Cure Risk by CMT Result and IMM Agibtic Administration [% (n)] — Quarter Level

CMT-neg quarters

from treated cows 57 (114)
CMT-pos quarters
from treated cows 61 (138)

CMT-neg quarters

from non-treated cows 42 (113) ---
CMT-pos quarters

from non-treated cows 42 (167)

65 (43)
54 (90)
48 (69)

36 (58)
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Table 4. 4. Quarter level new IMI risk at 14+3 and 21+3 dagter enrollment for cows assigned to the thredysgroups.

i Treatment Effect Treatment Effect
Negative-Control CMT-Based . Culture-Based -
Parameter Estimate (95% CI)  P-value Estimate (95% CI) P-value
New IMI Risk [% (n)]
Quatrter level 45 (740) 44 (674) OR\y=1.0(0.8,1.3) 0.9910 46 (701) OR\c=0.9(0.7,1.2) 0.5547
Cow level 77 (122) 82 (107) ORy=1.2(0.5,2.6) 0.6479 82 (106) OR\c=14(0.7,2.9) 0.3134
New IMI Risk by Etiology [% (n)] — Quarter Level
No growth 45 (439) 43 (398) 44 (420)
Gram-negatives 28 (18) 50 (12) 58 (12)
Gram-positives 46 (279) 45 (264) 48 (266)
Non-ag streptococti (34) 51 (39) 50 (32)
Saphylococcus spp43 (195) 40 (186) 48 (192)
Saph. aureus 30 (10) 62 (13) ---
Bacillus spp. 68 (37) 56 (25) 45 (38)

New IMI Risk by CMT Result and IMM Antibiotic Admistration [% n)] — Quarter Level
CMT-neg quarters

from treated cows 39 (337) 44 (128)
CMT-pos quarters

from treated cows 48 (337) 41 (143)
CMT-neg quarters

from non-treated cows 48 (347) --- 48 (229)
CMT-pos quarters

from non-treated cows 42 (392) --- 48 (200)
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Table4. 5. Quarter level ICR risk at 14+3 and 21+3 daysradteollment for cows assigned to the three studwjps.

Treatment Effect

Negative-Control CMT-Based

Culture-Based

Treatment Effect

Parameter Estimate (95% CI) P-value Estimate (95% CI) P-value
ICR Risk [% (n)]
Quarter Level 59 (810) 53 (729) ORy=0.8(0.6,1.1) 0.2327 58 (748) ORc=0.8(0.6,1.1) 0.2366
Cow Level 87 (200) 85 (184) ORy=1.0(0.5,1.8) 0.8978 89 (187) ORc=1.0(0.5,2.0) 0.9022
ICR Risk by Etiology [% (n)] — Quarter Level
No growth 46 (453) 43 (404) 46 (432)
Gram-negatives 39 (18) 50 (12) 67 (12)
Gram-positives 78 (306) 67 (269) 75 (279)
Non-ag streptococsd (36) 56 (39) 57 (35)
Saphylococcus spp80 (215) 68 (191) 78 (202)
Saph. aureus 92 (12) 85 (13) 100 (5)
Bacillus spp. 88 (40) 68 (25) 68 (38)
ICR Risk by CMT Result and IMM Antibiotic Administtion [% (n)] — Quarter Level
CMT-neg quarters
from treated cows 51 (346) 52 (132)
CMT-pos quarters
from treated cows 56 (351) 58 (149)
CMT-neg quarters
from non-treated cows 59 (361) --- 59 (238)
CMT-pos quarters
from non-treated cows 59 (422) --- 61 (211)
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CHAPTER V

EFFICACY OF TWO PROGRAMS DESIGNED TO DIAGNOSE AND
TREAT SUBCLINICAL INTRAMAMMARY INFECTIONS AFTER
PARTURITION ON CLINICAL MASTITIS, SOMATIC CELL COUN T,
MILK PRODUCTION, REPRODUCTION AND CULLING DURING

LACTATION

The objective of this multi-state multi-herd clinical trial was to inveséidhe efficacy of
using the California Mastitis Test (CMT) alone, or the CMT and an on-farm eultur
system in series, to diagnose and guide treatment decisions in cows withisalbcli
mastitis after parturition. A total of 1,885 cows were enrolled in the studjoSéta

total of 1,168 cows had a negative CMT result on all four quarters, which were not
assigned to any treatment group, and 717 cows with at least one CMT-positive quarte
which were randomly assigned to either a) a negative-control group (NCELNT a
based treatment group (CMTB), or c) to a culture-based treatment group giveira CM
positive result (CB|CMT-positive). Quarters from cows assigned to NC didcevee
IMM antibiotic treatment. CMT-positive quarters from cows assigned to CMTBived
immediate on-label intramammary treatment with Cephapirin Sodium. Quadm

cows assigned to the culture-based treatment program were not treated uesilitiseof
on-farm culture were determined after 24 hr of incubation. CMT-positive quartées in t

culture-based treatment program that showed Gram-positive growth weee treat
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according to label instructions using intramammary Cephapirin Sodium. Q@uarter
assigned to CB|CMT-positive showed no growth, Gram-negative or a mix infection did
not receive intramammary therapy. The present article reportséamgautcomes of the
mentioned study. The hazard risk ratio for a clinical mastitis event duritagideccwas

lower for quarters assigned to CMTB [kiR95% CI) = 0.6 (0.4, 0.9); P = 0.04] and to
CB|CMT-positive [HRc (95% CI) = 0.6 (0.4, 0.9); P = 0.02]. The risk and average days
after enrollment to a clinical mastitis event in the same quarter wasrid%24 days,

8% and 114 days and 12% and 124 days for quarters assigned to CMTB, CB|CMT-pos
and to NC, respectively. Similarly, the LSCC was lower for cows assigneMTB than

for cows assigned to NC [Diff (95% CI) = -0.31 (-0.61, 0.01); P = 0.04]. However,
LSCC, although numerically lower, was not significantly lower for cows asditp
CB|CMT-positive [Diffc (95% CI) = -0.22 (-0.45, 0.08); P = 0.14]. The average LSCC
was 2.9, 3.1 and 3.3 for cows assigned to CMTB, CB|CMT-pos and to NC, respectively.
Using NC as the reference, there was no significant differencekrprodluction for

cows assigned to CMTB [Dii§ (95% CI) = -0.51 kg/day (-1.94, 0.93); P = 0.48] and to
CB|CMT-positive [Diffc (95% CI) =-1.1 (-2.51, 0.31); P = 0.12]. The average milk
production was 35.1, 34.5 and 35.6 kg for cows assigned to CMTB, CB|CMT-pos and to
NC, respectively. There was no significant difference in the pregnanaydhagk ratio

for cows assigned to CMTB [HR(95% CI) = 1.0 (0.8, 1.2); P = 0.99] or to CB|CMT-
positive [HR (95% CI) = 1.2 (0.9, 1.6); P = 0.20]. The risk and average days after
enrollment to conception was 76% and 126 days, 75% and 119 days and 73% and 119
days for cows assigned to CMTB, CB|CMT-pos and to NC, respectively. Therewas

significant difference in the hazard risk ratio for removal from the herd fos esgigned
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to CMTB [HR\¢ (95% CI) = 0.9 (0.6, 1.2); P = 0.46] or to CB|CMT-positive [H@®5%
Cl) =0.7 (0.5, 1.0); P =0.09]. The risk and average days after parturition to removal
from herd was 27% and 124 days, 24% and 144 days and 31% and 121 days for cows

assigned to CMTB, CB|CMT-pos and to NC, respectively.

INTRODUCTION

Subclinical mastitis intramammary infection (IMI) at calving isoanxeon occurrence.
Reported prevalence of quarter IMI at parturition in North-American stuangges from
29% to 63% (Foxt al., 1994; Robersost al., 1994; Kirket al., 1996; Oliveret al.,

1997; Sargeardt al., 2001; Goddeset al., 2003; Wallacet al., 2004). A negative
relationship between early lactation somatic cell count (SCC) and SGynwdluction
and culling hazard during the first lactation has been established in heéedi¢Dher
et al., 2004; De Vliegheet al., 2005a; De Vlieghest al., 2005b). Similarly, elevated
SCC in early lactation was also found to increase the probability of clinastltra over
the first lactation (Rupp and Boichard, 2000). Also, a negative relationship between
subclinical mastitis defined and subsequent reproductive performance ncleisewas
established previously (Schriekal., 2000). Consequently, there is a need to prevent
these infections from occurring, and to develop treatment strategies to tithmis

disease impact.

The California mastitis test (CMT), a qualitative measurement of theis@1ik, is a

cowside screening test for detecting subclinical mastitis. Rettghés using the CMT
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test in the first week after calving have suggested that there may beadtents use as
a screening tool to identify subclinical IMI in fresh cows (Sargetait, 2001; Wallace

et al., 2002; Dingwellket al., 2003). However, a high false positive rate was reported.
Dingwell et al. (2003) reported that if the CMT yielded a negative result, the producer
could be 95% certain the quarter was truly uninfected. However, if the test yaelded

positive result, there was a 79% chance that it was a false-positive result

Controlled studies evaluating the efficacy of antibiotic therapy for IMIdaseCMT
testing in early lactation are scarce, and the ones carried out havedepieed results.
Rosenberg evaluated cure rates and SCC when CMT-positive quarters in eows aft
parturition were treated with IMM Cephapirin Sodium (Rosenkeeat), 2002). It was
determined that by four weeks post-calving, quarters treated with Cephagamthad
significantly increased cure rates and SCC were significantly rddiorepared with
untreated control quarters. Conversely, Walktcd. (2004), also randomly assigning
cows with CMT-positive quarters to receive either IMM Cephapirin Sodium or no
treatment, found that there was no difference in cure rates for IMM ardibested

guarters for major pathogens compared to the untreated controls.

It was suggested that a rapid and accurate method for confirming ifonfécpresent in
CMT-positive quarters and type of pathogen is needed, since only Gram-positive
pathogens are considered appropriate for antibiotic therapy (Waellalce2004). On-

farm culture (OFC), a rapid and inexpensive tool, could conceivably be used as a
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confirmatory test, in conjunction as a screening tool (such as CMT), to diagnose and

guide strategic treatment of subclinical IMI in cows after parturition.

The objective of this study was to investigate the efficacy of using the GMe,ar

CMT and an OFC system in series, to diagnose and guide treatment decisions in cows
with subclinical mastitis after parturition. Outcomes evaluated inclugaask of clinical
mastitis, b) somatic cell count, ¢) milk production, d) risk of conception, anskepr

removal from herd during lactation.

MATERIALS AND METHODS

Study Design

A randomized controlled field trial was conducted between June 2005 and August 2006
in 14 Holstein herds. In each herd cows were enrolled into the study for a period not
longer than 6 months. Study herds, 5 in Minnesota, 1 in Wisconsin and 8 in Ontario, were
a convenience sample of commercial dairy farms from the North Ame@ozat Lakes
Region. Selected producers were required to maintain compliance with the study
protocols and record keeping, have trained personnel, individual animal identification,
treatment facilities, appropriate drug storage capabilities, reftigerand freezer

capacity, participate in a Dairy Herd Improvement Association (DHESYing program,

and compliance. Herd size ranged from 40 to 4,000 cows ()median 356 cows. Herds’

housing systems, milk production and SCC are described elsewherex(lahg@009).
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Enrollment Process

All cows in the first three days after calving were eligible foodment unless they
exhibited signs of clinical mastitis at time of calving, or had fewan three functional
teats. If the cow met the designated inclusion criteria for enrollnrenherdsman
aseptically collected a single milk sample from all four quarters andrpetl the CMT
on individual quarters. If the cow failed to meet the designated enrollmeantecrit
because of clinical mastitis, then a single milk sample was still tadldéom the

affected quarter(s).

California Mastitis Test

Herd personnel performed the CMT on individual quarters. Detailed CMT
procedures were described somewhere else (&eag 2009). The interpretation of the
CMT results were as follows: a) negative when there was no gel formhji 1+ when
there was light or mild thickening (includes trace); c) 2+ when modetaieky/gel
formed; and d) 3+ when a very thick gel was formed (center became elekatadried

egg). CMT results for each one of the all four quarters were recorded.

Allocation to Treatment Group
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For cows with a negative CMT result on all four quarters no treatment group was
assigned and no further action was taken with the cow. Previously collectes quéict
samples were frozen. Cows with at least one CMT-positive quarter were igndom
assigned following a simple randomization schedule to either a negative-gwatrpl
(NC), a CMT-based treatment group (CMTB), or to a culture-based tneiagymoeip
given a CMT-positive result (CB|CMT-positive) by opening a pre-idextiénvelope

following a sequential order.

Treatment Groups

Negative Control Group

Quarter milk samples that had been collected from all quarters from the cevirozm

on-farm at -20 °C. Quarters from cows assigned to the NC group did not receive IMM

antibiotic treatment.

CMT-Based Treatment Group

Immediately after enrollment the quarter milk samples that had been edlfeatn all

guarters from the cow were frozen on-farm at -20 °C. CMT-positive wemarthesed

with one syringe (200 mg) of Cephapirin Sodium (Cefa®l, &ort Dodge Animall

Health, Fort Dodge, IA). The treatment was repeated once, 12 hours aftestthe f

treatment according to label directions. A milk-withdrawal period of at @@ hours and
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a slaughter withdrawal period of four days were followed after the |astrteat.

Culture-Based given a CMT-Positive Result Treatment Group

The aseptically collected milk sample(s) from CMT-positive quarterése first cultured
on-farm using the Minnesota Easy Culture System (University of MinnesoRa8t
MN). This OFC system consists of a bi-plate which is a petri dish with twoethtfe
types of agar, MacConkey agar on one half selectively grows Gramyeegejanisms,
while Factor agar on the other half of the plate selectively grows Grarivposi
organisms. A sterile cotton swab was dipped into the milk sample and then plated onto
the Factor media half of the bi-plate, redipped into the milk, and then applied to the
MacConkey media half of the bi-plate. The plate was placed in an on-farm imicabet
incubated at approximately %7 for 24 hours. The quarter milk sample that had been
collected was then frozen on-farm at -20 °C. The next day the plate was read and
interpreted according to guidelines provided for the Minnesota Easy CultuesrSyls
bacteria did not grow, the plate was returned to the incubator and re-read appgtyxim
24 hours later. Final results for each sample plate were recorde®Gesapositive
(GP), when bacteria grew only in the Factor agar media of the bi-plateaim}i2gative
(GN), when bacteria grew only in the MacConkey agar media of the bi-pl&le, c)
growth (NG), when bacteria did not grow in either media, and d) mix infection when
bacteria grew in both media. The decision about initiation of IMM antibiotic thehapy
day after enrollment was based on the on-farm culture results. Quartensfiion GP

bacteria were isolated received the same IMM antibiotic treatrolbmiving the same
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procedures than quarters assigned to CMTB. If the on-farm culture resiiNy&$G or

a mix infection, then the quarter did not receive IMM therapy.

Data Analysis — Definition of Outcome Variables

Risk and Days to a Clinical Mastitis Event

Cow ID, affected quarter(s), and date of clinical mastitis casesrowrduring lactation
were retrieved from dairy farm management or study records. CowsoMleveed until

the end of the current lactation or 12 months after parturition (whichever fozth

Somatic Cell Count and Milk Production

Monthly DHIA SCC and milk production records from individual cows were retrieved
for the entire lactation from the on an-famecord keeping system (DairyComp305;
Valley Agricultural Software, Tulare, CA). The test records used in thigsasavere
those up to 12 months after parturition. Milk SCC were log transformed to norrhedize
data to linear SCC (LSCC) using the linear SCC formula: LSCC = [LOG&{8®931]

— 3.6439 (Ali and Shook, 1980).

Risk and Days to Conception

The date of the conception was retrieved from the on an-farm record keeping system

(DairyComp305; Valley Agricultural Software, Tulare, CA). For cows wittreérthan
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one conception recorded (e.g. due to embryo loss/abortion)? tenteption date was
used (after examination of the individual records for validation). Cows weosvésdl
until the end of the current lactation or up to 12 months after parturition (whichever cam

first).

Risk and Days to Culling

For all cows in the study, the removal date (culling/death) was redrfema the on an-
farmrecord keeping system (DairyComp3¥&jley Agricultural Software, Tulare, CA).
Cows were followed until the end of the current lactation or up to 12 months after

parturition (whichever came first).

Statistical Analysis - Models and Modeling Strategy

Database summaries and plots were used for exploratory data analysisli&gnostics
techniques were used to evaluate normality, independence, homoscedasticigarili
and linearity of variables. Different models were used to evaluate the Gid B
CB|CMT-positive treatment programs effect on the outcomes of interest usimgse

from cows assigned the NC group as the reference.

General Linear Mixed Models (GLMM) for Continuous Outcome Variables
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Continuous outcome variables such as milk yield and LSCC were modeled as a function
of explanatory variables using linear multivariable regres#ianultilevel GLMM was
constructed with milk yield / LSCC as a continuous, normally distributed response
variable. The model was specified with random variation allowed in thresrdheral

levels; repeated measure of milk yield / LSCC within cow, variation graows within

the herd, and variation among herds. This was accomplished with the MIXED procedure
of SAS version 9.1 (SAS Institute, Cary, N§y)specifying a correlation structure among
the repeatetheasurements of the same cow, and including a random statement to account
for clustering of cows within herds. In order to select the most appropoeseiance
structure we started with a full model with all confounding covaridteady taken into
account. Summary statistics and exploratory data analysis plots toesttarovariance
structure were created, and one model for each covariance structurgada$d e

correlation structures that were evaluated include simple (no correjatonpound
symmetrypanded diagonal, autoregressive, and unstructured (estirmatangelation for

each separate correlation). The different correlation structuresewvatluated using

goodness of fit measures. The goodness of fit measures will ircudieg likelihood (—

2LL), Akaike’s informatiorcriterion (AIC), and Bayesian information criterion (BIC).

Covariates such as cow parity, number and the number of quarter(s) frormthecsa
from which bacteria was isolated at the laboratory and etiology of infastom
included in the model if it was a potential confounding variable. To determine if a
covariate confounded the treatment effect on the outcome (milk yield oC)L. 8@

crude estimate of treatment group (CM¥SBNC) and (CB|CMT-positives. NC) was
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compared with the adjusted estimate for that third confounding variable. tonelsided
that the variable confounded the association between treatment group and outcome
variable if the ratio between the difference of the crude estimatdardifusted estimate
versus the crude estimate was greater than 10%. Each variable waseeiam

potential confounding one at a time by regression. Once the confounder variakles wer
identified, the next step was to place all confounders into a full model witivéwyo
interaction terms between treatment and the confounder. In order to sithglifyodel
each non-significant interaction term was removed one at a time using a lihckwa
stepwise approach, starting by the least significant interaction asahrunning the

model again until there are no non-significant interaction terms in the model. Néxt, w
non-significant interaction terms removed from the model, it was determinegdexhe
there were main effect variables in the model that were not in an inbergetm that

might be a confounder. The least significant term were removed and it viastesaf

this affected the treatment effect estimate, with the goal tosas$ether the variable
confounded the treatment-outcome relationship. If the variable was an intporta
confounder, it was returned to the model and other variables were assessedtione at a
to see if they were confounders. The treatment variable was forced in thie mode
regardless of thB-value. Once all non-significant interaction terms were removed as
well as main effect variables that did not confound the exposure-outcomenshti

this was the final model. Final significance was declarétd<a0.05.

Time to Event Models
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Binary responses with a ‘time to event’ component such as quarter risk and days t
clinical mastitis event, risk and days to conception, risk and days to removal frdm her
(culling/death) were modeled using survival analysis. Cox’s proporti@zalrds
regression method was used to test the logistic analysis explaveiables (see
previously described covariates) simultaneously for their assocratiotime until event
(PROC PHREG). The standard model was extended by including a frailtya#ecting

a latent effect associated with each herd and with each cow when the enéstest

was at the quarter level.

Cows (and guarters) were censored when the event of interest happened or at the end of a
12 months follow-up period (whichever occurs first). The assumption of independent
censoring between both treatment groups was assessed by comparing theprajport
censored cows or quarters between both treatment groups. In addition, a sensitivity
analysis looking at situations of complete positive correlation (every cow oeguart

censored experienced the event of interest) or negative correlation (censaext cow
guarters did not experienced the event of interest) between censoring avehthaf e

interest was done. If the violation of this assumption did not dramaticallytzdter

treatment effect estimate (<10%), it was concluded that censoring did nduicgrbias.

RESULTS

Descriptive Data
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A total of 1,885 cows were enrolled in the study. Of those, a total of 1,168 cows had a
negative CMT result on all four quarters, which were not assigned to any treatment
group, and 717 cows with at least one CMT-positive quarter which were randomly
assigned to the NC, CMTB or CB|CMT-positive study groups. Two hundred and forty
one cows were assigned to NC, 232 cows to CMTB, and 244 cows were assigned to
CB|CMT-positive. Cow and quarter level descriptors and etiology of infection at

enrollment for the three study groups was described elsewheredilagd®009).

Treatment Programs Effects

Risk and Days to Clinical Mastitis

At the quarter level, using quarters from cows assigned to NC as the refdnencsk t

and days to have a clinical mastitis event after parturition was lower fdecg/iom

cows assigned to CMTB [HR (95% CI) = 0.6 (0.4, 0.9); P = 0.0401] and to CB|CMT-

pos [HR (95% CI) = 0.6 (0.4, 0.9); P = 0.0276] (Table 4.1 and Figure 4.1). The only
covariate that remained in the model because of confounding the CMTB and |CMT-pos
treatment programs effects on the risk and days to a clinical mastitisiatiie cow
lactation number. At the quarter level, the risk and average days aftemamtolb a

clinical mastitis event in the same quarter was 10% and 124 days, 8% and 114 days and

12% and 124 days for quarters assigned to CMTB, CB|CMT-pos and to NC,
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respectively. Clinical mastitis records in one of the 14 herds were not agaitabke

guarter level, but clinical mastitis records were available for atlshat the cow level.

At the cow level, using cows assigned to NC as the reference, the risk artd days a

clinical mastitis event after parturition was not significantly diffefentcows assigned to

CMTB [HRyc (95% CI) = 0.9 (0.6, 1.2); P = 0.5465] and to CB|CMT-posHB5%

Cl) =0.8 (0.6, 1.1); P =0.2112] (Table 5.1 and Figure 5.1). Covariates that remained in
the model because of confounding the CMTB and |[CMT-pos treatment prograns effect

on the risk and days to a clinical mastitis event included the cow lactation numblee and t
number of quarter(s) from the same cow from which bacteria were isolatex at

laboratory. At the cow level, the risk and average days after enrolimenlinical c

mastitis event was 27% and 140 days, 26% and 148 days and 28% and 133 days for cows

assigned to CMTB, CB|CMT-pos and to NC, respectively.

Somatic Cell Count

Using cows assigned to NC as the reference, the LSCC was lowenfassigned to
CMTB [Diff v (95% CI) = -0.31 (-0.61, 0.01); P = 0.0431] and to CB|CMT-pos |Diff
(95% CI) = -0.22 (-0.45, 0.08); P = 0.1442] (Table 5.1 and Figure 5.2). Other than the
variable describing the treatment programs, no other covariates remaineil imdaiet's.

The compound symmetry (CS) correlation structure resulted in the bedtfidubesed

on various goodness-of-fit measures. The average LSCC was 2.9, 3.1 and 3.3 for cows

assigned to CMTB, CB|CMT-pos and to NC, respectively.
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Milk Production

Using cows assigned to NC as the reference, there was no signifiéargrdié in milk
production for cows assigned to CMTB [Rif(95% CI) = -0.51 kg/day (-1.94, 0.93); P

= 0.4866] and to CB|CMT-pos [Diff (95% CI) = -1.1 kg/day (-2.51, 0.31); P = 0.1259]
(Table 5.1 and Figure 5.3). Other than the variable describing the treatmeatprogr

other covariates remained in both models. The compound symmetry (CS) correlation
structure resulted in the best model fit, based on various goodness-of-fit medseres. T
average milk production was 35.1, 34.5 and 35.6 for cows assigned to CMTB, CB|CMT-

pos and to NC, respectively.

Risk and Days to Conception

Using cows assigned to NC as the reference, there was no significargrdiff in the

risk and days to conception for cows assigned to CMTB{H8% CI1) = 1.0 (0.8, 1.2);
P =0.9942] or to CB|CMT-pos [HR(95% CI) = 1.2 (0.9, 1.6); P = 0.2014] (Table 5.1
and Figure 5.4). Covariates that remained in the model because of confounding the
CMTB treatment program effect on the risk and days to conception included the cow
lactation number and the number of quarter(s) from the same cow from whichabacter
were isolated at the laboratory. The only covariate that remained in thébeodase of
confounding the CB|CMT-pos treatment program effect on the risk and days to

conception was the number of quarter(s) from the same cow from which bacteria was
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isolated at the laboratory. The risk and average days after enrollment tptcamees
76% and 126 days, 75% and 119 days and 73% and 119 days for cows assigned to
CMTB, CB|CMT-pos and to NC, respectively. The risk to conception at first bgeedin
was 36%, 38% and 36% for cows assigned to CMTB, CB|CMT-pos and to NC,

respectively.

Risk and Days to Removal from the Herd

Using cows assigned to NC as the reference, although numerically tbeveisk and

days to removal from the herd due to culling or death was not significantly lower for
cows assigned to CMTB [HR(95% CI) = 0.9 (0.6, 1.2); P = 0.4697] or to CB|CMT-pos
[HRyc (95% CI) = 0.7 (0.5, 1.0); P = 0.0981] (Table 5.1 and Figure 5.5). Covariates that
remained in the model because of confounding the CMTB treatment program effect on
the risk and days to removal from the herd included the cow lactation number and the
number of quarter(s) from the same cow from which bacteria were isolatex at
laboratory. The only covariate that remained in the model because of confounding the
CB|CMT-pos treatment program effect on the risk and days to removal from thedeer
the number of quarter(s) from the same cow from which bacteria weredatahe
laboratory. The risk and average days after parturition to removal from thevag27%
and 124 days, 24% and 144 days and 31% and 121 days for cows assigned to CMTB,

CB|CMT-pos and to NC, respectively.
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DISCUSSION

This study evaluated two novel programs to identify and treat subclmastitis in cows
after parturition. These programs differed with NC not only on the admirstrati

IMM antibiotic treatment of quarter IMIs after parturition, but the sasad the CMTB

and CB|CMT-pos programs also depend on the accuracy of the CMT and OFC system.
Thus, the CMTB program was based on identifying for treatment cows and quarters
based on CMT results alone, and the CB|CMT-pos program was based on the sequential
testing using OFC to diagnose Gram-positives in CMT-positive quartecshér

strength of this study is the evaluation of long-term outcomes of the intervertien. T
represent the overall economic impact of the intervention, since subclinidédafter
parturition result in a higher incidence of clinical mastitis, higher SCC rlowlk

production, lower reproductive performance, and higher risk of culling. Consequently,
these long term outcomes must be evaluated in order to compare the overall biological

and economic impact of treatment interventions of IMI after parturition.

Studies in the United Kingdom investigating the significance of IMI duhegibn-

lactating period highlighted that IMI at, and during the dry and immepasgecalving

period, increasthe risk of clinical mastitis in the next lactation. They reported that 55.6%
of clinical mastitis cases due 8reptococcus uberisand 33.3% of cases due to
Streptococcus dysgal actiae were caused by new infections originally acquired during the
dry period (Bradley and Green, 2000; Bradley and Green, 2001; &ralen2002). In

one study DNA fingerprinting of enterobacterial strains was (Bedlley and Green,
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2000). Of all the coliform mastitis events monitored during the first 100 d tatilae,
52.6% resulted from an infection originally acquired during the previous non-lgctatin
period. Similarly, elevated SCC in early lactation was also found to ircteas

probability of clinical mastitis over the first lactation (Rupp and Boichard, 2000)

The present study is the first study evaluating the efficacy of twagrsydesigned to
identify and treat IMIs after parturition on reducing the incidence ofoelimastitis

during lactation. The risk to a clinical mastitis event was lower for qeaas=igned to
CMTB and CB|CMT-pos. However, this difference was not significant when thesanaly
was done at the cow level. This may be due to the fact that, although both treatment
programs were successful in reducing the incidence of mastitis at the tpagtelMis
leading to clinical mastitis occurred during lactation in other quarteeeliff to the ones

infected immediately after parturition.

A negative relationship between early lactation SCC and SCC during tHadtedton
has been established in heifers (De Vlieghai., 2004; De Vliegheet al., 2005a; De
Vliegheret al., 2005b). The strategy of using antibiotic therapy to treat IMI in the
prepartum period is controversial. In a study, prepartum antibiotic-treatecshead
significantly lower SCC than untreated control heifers (Oletet., 1992; Oliveret al.,
1997; Oliveret al., 2003; Oliveret al., 2004). However, a clinical trial evaluating the
efficacy of prepartum IMM antibiotic therapy on subclinical mastitis ifelne during
early lactation found that while prepartum IMM antibiotic infusion at 7 or 14 d &efor

expected parturition while reduced the number of heifer IMI postpartum, SCC theing
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first 200 d of the first lactation was not affected by treatment (Bbah, 2006).

Controlled studies evaluating the efficacy of antibiotic therapy for IMIdbaseCMT

testing in early lactation also reported mixed results. Rosenberg edatuaterates and
SCC when CMT-positive quarters in cows after parturition were treatedMiith
Cephapirin Sodium (Rosenbezgal., 2002). It was determined that by four weeks post-
calving, quarters treated with Cephapirin Sodium had significantly iresteage rates

and SCC were significantly reduced compared with untreated control quarters
Conversely, Wallacet al. (2004), also randomly assigning cows with CMT-positive
guarters to receive either IMM Cephapirin Sodium or no treatment, found thawidere
no effect of treatment on SCC at the three first tests after parturitioexplanation for

the significant reduction in SCC in the first study and not in the second is thaffinsthe
study SCC was measured at the quarter level, and compared SCC from treated and non
treated CMT-positive quarters, while in the second study SCC was meastinredat
level. Measuring SCC at the cow level, instead of comparing treated andated tre
guarters, the comparison is done between cows that were treated in one or mterg quar
with not treated cows. Assuming that treatment is effective, some of therg'festn a

cow assigned to receive treatment will not benefit from it (ie. were notede@nd

some of the non treated quarters would benefit from treatment. Consequently,iantibiot
treatment efficacy differences may be biased toward the null because of fhesdem
sample of treated and non treated quarters. In the present study in which bogntrea
programs were effective in reducing SCC during lactation, SCC was alsoretkasthe
cow level. However, the sample size of the study, and consequently the study power or

ability to declare differences significant when they exist, was@reat
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Somatic cell count in early lactation in heifers has been associated dgtcrease in
lactation milk production and increased culling (De Vlieghe., 2005a). Similarly, the
relationship between subclinical mastitis defined by milk culture durirlg leatation

and subsequent reproductive performance in Jersey cows was evaluated previously
(Schricket al., 2000). Cows with subclinical mastitis before first insemination had
increased days to first breeding, increased days open, and increasess gwic
conception as compared with controls. Again, studies evaluating the IMMagiatibi
treatment of heifers before parturition differed on the treatment effect kiprodiuction,
reproductive performance and culling. In some studies, prepartum anttbéatieel

heifers produced more milk than untreated control heifers (Géadr, 1992; Oliveret

al., 1997; Oliveret al., 2003; Oliveret al., 2004). However, a more recent multi-state,
multi-herd study evaluating the efficacy of prepartum IMM antibidterapy on

subclinical mastitis in heifers during early lactation found that milk presluend
reproductive performance during the first 200 d of the first lactation wasfaoteaf by
treatment (Bornet al., 2006). In the current study treatment of CMT-positive quarters or
only CMT-positive quarters with a Gram-positive result on OFC did not result in a highe
milk production. It may be that even if both treatment programs are effective inngduc
IMIs after parturition (Laget al., 2009), the damage already done is permanent and the
secretion capacity of subclinically infected mammary glands is noteestvSimilarly,
neither one of the programs evaluated in the current study resulted in a highetioance
risk at first insemination, nor affected the overall risk and days to conceptionsK er

a cow to be removed from the herd, though not significantly different, it was numericall
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lower for both intervention groups. This may be attributed to the reduction in clinical

mastitis and SCC experimented by cows assigned to both intervention programs.

It has been reported in an accompanying manuscript that the use of the CMTitp ident
cows and quarters for the strategic treatment with IMM Cephapirin Sodiunbdfrscal
IMI after parturition resulted in a higher bacteriological cure risk wift days after
enrollment in comparison to quarters from CMT-positive cows assigned to NC. The
implementation of this program required the administration of IMM treattoetf2% of

the quarters from cows with at least a CMT-positive quarter (38% of cosvs aft
parturition) and extended the time that milk is withhold from the market from 1.7 to 6.3
days (Lagcet al., 2009). The selection for treatment of only CMT-positive quarters
where Gram-positive bacteria was isolated using OFC required Idso@mntise (15%

of the quarters from cows with at least a CMT-positive quarter) and days thet taihk
(4.4 days). However, the higher numerical bacteriological cure risk found, was not
statistically different. Additionally, long-term outcomes of the inégtion were

evaluated in this manuscript since they represent the overall economic imect of t
intervention. In this study, both treatment programs were effective on directheddtr
outcomes, clinical mastitis and LSCC. Again, the SCC for cows assigned@d/TB

pos was numerically lower than for cows assigned to NC, but not significariéyedif.
Increased incomes from the implementation of both programs, fewer clinisalisna
cases and lower LSCC, in addition to the additional expenses resulting from
implementing both programs, extra labor cost, CMT and OFC implementation costs,

antibiotic expenses and more days of milk withheld from the market will be used to
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evaluate the overall cost-benefit of using the CMT and an OFC system to gaidgistr
treatment decisions in cows after parturition. Moreover, the intervention leas dir
repercussions in animal welfare by improving udder health and reducing aunffeahg

due to less clinical mastitis during lactation.

CONCLUSIONS

The treatment with IMM Cephapirin Sodium of cows and quarters based on CME resul
alone, or sequential testing using OFC to diagnose Gram-positives in CMil/gosit
guarters resulted in a significantly lower clinical mastitis risk foh h@atment

programs, and significantly lower milk SCC during lactation for cows assigned to
CMTB. The lactational SCC for cows assigned to CB|CMT-pos was numgimakr

than for cows assigned to NC, but not significantly different. However, the
implementation of both treatment programs did not result in higher milk production,
improved reproductive performance or lower risk for removal from the hencased
revenues and the additional expenses resulting from implementing both progridoes wil
used to evaluate the overall cost-benefit of using the CMT and an OFC system to guide

strategic treatment decisions in cows after parturition.
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B WN

TABLES

Table5. 1. Lactation clinical mastitis events, somatic celliofy daily milk yield and culling for cows assigntedthe three study groups.

Treatment Effect

Treatment Effect

Parameter Negative-Control ~ CMT-Based Estimate (95% ClI) P-value Culture-Based Estimate (95% ClI) P-value
Clinical Mastitis [% (n)]

Quarter level 12 (899) 10 (870) HRye = 0.6 (0.4, 0.9) 0.0401 8(894) HRne = 0.6 (0.4,0.9) 0.0276

Cow level 28 (241) 27 (232) HRyc = 0.9 (0.6, 1.2) 0.5465 26 (244) HRyc = 0.8 (0.6, 1.1) 0.2112
Linear Somatic Cell Count [Mean + SD (n)]

Cow level 3.27 (216) 2.96 (215) Diffyc =-0.3 (-0.6, -0.1) 0.0431 3.05 (226) Diff yc = -0.2 (-0.5, 0.1)0.1442
Daily Milk Yield [Mean = SD (n)]

Cow level 35.6 (216) 35.1 (215) Diffyc =-0.5(-1.9,0.9) 0.4866 34.5 (226) Diffyc = -1.1 (-2.5, 0.3)0.1259
Conception [% (n)]

Cow level 73 (233) 76 (223) HRyc = 1.0 (0.8, 1.2) 0.9942 75 (230) HRc=1.2(0.9,1.6) 0.2014
Culling / Death [% (n)]

Cow level 31 (241) 27 (232) HRyc = 0.9 (0.6, 1.2) 0.4697 24 (244) HRc=0.7 (0.5,1.0) 0.0981
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Figureb5. 1. Kaplan-Meier survival graph representing the prdigtof a clinical mastitis event during
lactation at a given days after parturition (uB6® days) for quarters assigned to the three sitmiyps.
Quarters assigned to the negative-control groupegmeesented by a solid line, quarters assign#ukto
CMT-based treatment program are represented bgleddine, and quarters assigned to the cultureebas
treatment program are represented by a dotted line.
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Figureb. 2. Least square LSCC mean and standard errors dacdtagion (up to twelve DHIA tests after
parturition) for cows assigned to the three studyps. Cows assigned to the negative-control gevap
represented by a solid line, quarters assignedet@MT-based treatment program are represented by a
dashed line, and quarters assigned to the culaseebtreatment program are represented by a divited
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Figureb. 3. Least square milk yield mean and standard edworisig lactation (up to twelve DHIA tests
after parturition) for cows assigned to the threrlg groups. Cows assigned to the negative-cogtmip
are represented by a solid line, quarters assiggndee CMT-based treatment program are represdryted
dashed line, and quarters assigned to the culaseebtreatment program are represented by a divited
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Figureb5. 4. Kaplan-Meier survival graph representing the plolitst of conception during lactation at a
given days after parturition (up to 365 days) fows assigned to the three study groups. Cows a&ssign
the negative-control group are represented byid Boé, quarters assigned to the CMT-based treatme
program are represented by a dashed line, andegsiagsigned to the culture-based treatment program
represented by a dotted line.
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Figureb5. 5. Kaplan-Meier survival graph representing the piulity of culling or death during lactation
at a given days after parturition (up to 365 ddgsrows assigned to the three study groups. Cows
assigned to the negative-control group are repteddy a solid line, quarters assigned to the CNi3ed
treatment program are represented by a dash lideqaarters assigned to the culture-based treatment
program are represented by a dot line.
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CHAPTER VI

VALIDATION OF AN ON-FARM CULTURE SYSTEM TO
CORRECTLY IDENTIFY INTRAMAMMARY INFECTIONS IN

QUARTER MILK SAMPLES

The first objective of this study was to validate the use of an on-farm milk csitsiem,
the Minnesota Easy Culture Bi-Plate System, to diagnose on farm ammawary
infections in quarter milk samples from clinical mastitis cases. Tlmndeubjective of
this study was its validation to diagnose on farm subclinical intramammfagtions in
CMT-positive quarter milk samples collected after parturition. Agreemewinideghance
with laboratory culture results, test characteristics and predictives/aere described
using three diagnostic interpretations of the bi-plate culture results: ajicdéian of
Gram-positive or Gram-negative bacterial growth (o growth), b) identification of
Gram-positive bacterial growtlhrg no growth and Gram-negative growth), and, c)
identification of Gram-negative bacterial growtls.(no growth and Gram-positive
growth). A total of 193 quarter milk samples from clinical mastitis cases 8 herds
and 430 CMT-positive quarter milk samples from 14 herds were cultured both on farm
using the on-farm culture system and at the laboratory using standantolbagitsl
culture procedures. The agreement beyond chance, Kappa, between both culture
methodologies to classify correctly samples as no-growth, Gram-po&tiam-negative

and mix infections was moderate, 51% in clinical mastitis and 44% in CMT-positive
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samples. Kappa for the three diagnostic classifications was 44, 61 and 57%ivegpect
in clinical mastitis samples; and 45, 44 and 45%, respectively, in CMT-positiveesampl
The sensitivity of the bi-plate on-farm culture system for the three diagnosti
classifications was 87, 78 and 73%, respectively, in clinical mastitis ssirapié 64, 58
and 64%, respectively, in CMT-positive samples. The specificity of the l@-pratarm
culture system for the three diagnostic classifications was 55, 83 and 87%,ivebpect
in clinical mastitis samples; and 81, 85 and 97%, respectively, in CMT-positiveesampl
The predictive value of a positive result for the three diagnostic cladgifis was 79, 74
and 66%, respectively, in clinical mastitis samples; and 75, 74 and 37%, respectively, i
CMT-positive samples. The predictive value of a negative result for thediagmostic
classifications was 69, 86 and 90%, respectively, in clinical mastitis ssiraplé 72, 74
and 99%, respectively, in CMT-positive samples. The Minnesota Easy Cultulat®i-P
System is a useful cow-side test to correctly identify bactenbatty, Gram-positive
bacterial growth, or Gram-negative bacterial growth in quarter secretioplas from
clinical mastitis cases and in CMT-positive quarter milk samples tedledter

parturition. Treatment decisions based on identification of bacterial growtt or G

bacterial growth specifically, were correct over 73% of the time.

INTRODUCTION

Ideally, clinical mastitis treatment should be based on milk cultuntseslowever,
laboratory culture has not been routinely utilized by many dairies becaumsetwhé

delay between submission of milk samples and reporting of results. Adoption of rapid
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on-farm milk culture systems (OFC) could allow producers to make strdategtiment
decisions for clinical mastitis cases, based on knowing the pathogen involved. The
postponement of treatment for one day, while waiting for culture results, hashiogen s
to have minimal adverse effects for mild and moderately severe thimésditis cases
(Wagneret al., 2007). Because antimicrobial treatment of cultures yielding no-growth
(NG) or Gram-negative growth (GN) may not be indicated, and because studiethahow
50 to 80% of clinical mastitis cases to yield NG or GN on culture, the use afron-f
milk culture for the selective treatment of clinical mastitis negyresent a tremendous
opportunity to reduce antimicrobial use on commercial dairy farms withoutisiayif

the efficacy of treatment or the long-term health and production potential of the cow
(Robersoret al., 2003). Benefits could include reduced economic cost of therapy,
reduced risk of antimicrobial residues in milk, and a reduction in the potential risk for

development of antimicrobial resistance in mastitis pathogens (Getlden2007).

Recent studies using the California Mastitis Test (CMT) in the fiskvadter calving
have suggested that there may be potential for its use as a screeningdteatify i
subclinical infection in cows after parturition (Sargeetrdl., 2001; Wallacet al., 2002;
Dingwell et al., 2003). The authors of these studies suggest a need for cow-side
confirmatory test procedures that could be used on CMT-positive quartergyo ver
infection status and to identify specific pathogens in subclinically infegtaders.
Wallace et al. (2004) concluded that only gram-positive pathogens (GP) beoefit f
antibiotic therapy, and that blanket antibiotic treatment of all CMT-positiwes ¢s

probably not justified in all herds. A rapid and accurate confirmatory testrifying if
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infection is present in CMT-positive quarters, and type of pathogen present, coultl benef

producers. On-farm culture systems could be useful as such a confirmatory tes

The Minnesota Easy Culture System (University of Minnesota, Saint Pauj,avIN)
commercial OFC system, offers two different types of selective cutietka systems.
The bi-plate OFC system is a plate with two different types of 8grConkey agar on
one half selectively grows GN organisms, while Factor agar on the other Hadfate
selectively grows GP organisms. Alternately, the tri-plate OB&eRyis a plate with
three different types of agar. In addition to including MacConkey agar (GN grawh)
Factor agar (GP growth), it also includes a section of MTKT agar wha#iastive for

streptococci.

The first objective of this study was to validate the use of the Minnesota Edsyeit
Plate System to diagnose on farm intramammary infections (IMl) in qumaiitesamples
from clinical mastitis cases. The second objective of this study wealidigtion to
diagnose on farm subclinical IMI in CMT-positive quarter milk samples delleafter
parturition. Agreement beyond chance with laboratory culture results, testiehestics,
likelihood ratios and predictive values were described using three diagnostic
interpretations of the bi-plate culture results: a) identification ofm3pasitive or Gram-
negative bacterial growth (Gyg, no growth), b) identification of Gram-positive bacterial
growth (GP) ¥s. no growth and Gram-negative growth), and, c) identification of Gram-

negative bacterial growth (GNYg no growth and Gram-positive growth).
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MATERIALS AND METHODS

Study Design

Clinical Mastitis Treatment Study in Cows during Lactation

Details of the clinical mastitis trial have been described elsewbage €t al., 2009).
Briefly, cows from eight MN, WI and ON herds with mild or moderate caselnafal
mastitis were randomly assigned to either the positive-control group (R&€)ha on-
farm-culture-based treatment group, after herd personnel collectetiseseenples
from affected quarters. In order to be eligible for enroliment cows had to hipasta
three functional teats and not exhibit any other condition requiring treatritent w
systemic antibiotics. Quarter cases from cows assigned to PC weeglinfills one
syringe (200 mg) of Cephapirin Sodium (Cefa-Pakort Dodge Animal Health, Fort
Dodge, IA). Treatment was repeated once, 12 hours after the first treatnsectrefion
sample from quarter cases from cows assigned to the culture-based grdugtwas
cultured on-farm onto a bi-plate, and then placed in the freezer for later caafyma
testing at the laboratory for udder health. For cows in the on-farm cultugd-tsaatment
group, the decision to initiate IMM antibiotic therapy was made the dayeaitellment
of the clinical mastitis case, and was based on the OFC results. Quarterghich GP
bacteria were isolated or had a mix infection received the same IMbladittireatment
following the same procedures than cases assigned to PC. If the on-farmresititre

was GN or NG, then the quarter did not receive IMM therapy.
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Subclinical Mastitis Treatment Study in Cows after Parturition

Details of subclinical mastitis trial in cows after parturition havenh@esented
elsewhere (Laget al., 2009). Briefly, cows from 14 MN, WI and ON herds were
enrolled into the study in the first three days after calving. In order étigpble for
enrollment cows had to have at least three functional teats and not exhibiteny oth
condition requiring treatment with systemic antibiotics. Herd personngticeléy
collected a quarter milk sample from all four quarters and performed the CMT on
individual quarters. For cows with a negative CMT result on all four quarters no
treatment was assigned. Cows with at least one CMT-positive quarteramelomly
assigned to a negative-control group, a positive-control group (PC), or tue-ddsed
treatment group. Quarters from cows assigned to the negative-control group did not
receive IMM antibiotic treatment. CMT-positive quarters from cowsyassi to PC were
infused with one syringe (200 mg) of Cephapirin Sodium (Cef&Laért Dodge
Animal Health, Fort Dodge, 1A). Treatment was repeated once, 12 hours affiestthe
treatment. A milk sample from CMT-positive quarters from cows assignadttoe-
based group was first cultured on-farm using a bi-plate, and then placed irettes.fre
The decision to initiate IMM antibiotic therapy was made the day aitetlment, based
on the OFC results. Quarters from which GP bacteria were isolatedac:tieeé same
IMM antibiotic treatment following the same procedures than casesiaddig PC. If the
on-farm culture result was GN or NG or a mix infection, then the quarter didosptee

IMM therapy.
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Quarter Milk Sampling

If the cow met the designated inclusion criteria for enrollment in either divihérials,

then the herdsman aseptically collected a single quarter milk sasmypl@ll affected
quarters in the clinical mastitis study, or from all four quarters in coes @drturition in

the subclinical mastitis study. After the routine udder preparation forngjlkéat ends
were scrubbed with an alcohol-soaked gauze and allowed to dry. Wearing clean glove
the technician then manually striped approximately 10 ml of milk into an individual 20
ml sterile sample collection vial after discard 2-3 squirts of foremilalsvivere labeled

by cow, quarter, and date.

On-Farm Bacteriological Culture (Bi-plate Minnesota Easy Culture System)

The aseptically collected milk sample(s) from quarter(s) of cowgress$to culture-

based was first cultured on-farm using the Minnesota Easy CulturetBigtatem
(University of Minnesota, Saint Paul, MN). This OFC system consists of atbiyphach

is a petri dish with two different types of agar, MacConkey agar on one haliszlie

grows GN organisms, while Factor agar on the other half of the platassiegtows

GP organisms. A sterile cotton swab was dipped into the milk sample and then plated
onto the Factor media half of the bi-plate, redipped into the milk, and then applied to the
MacConkey media half of the bi-plate. The plate was placed in an on-faubaioc and

incubated at approximately %7 for 24 hours. The quarter milk sample that had been
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collected was then frozen on-farm at -20 °C. The next day the plate wasdead a
interpreted according to guidelines provided for the Minnesota Easy CultuesrSyls
bacteria did not grow, the plate was returned to the incubator and re-read appetyxim
24 hours later. Final results for each sample plate were recorde®Bs &hen bacteria
grew only in the Factor agar media of the bi-plate, b) GN, when bactewaogtg in the
MacConkey agar media of the bi-plate, ¢) NG, when bacteria did not grow in either
media, and d) mix infection when bacteria grew in both media. The decision about
initiation of IMM antibiotic therapy the day after enrollment of the clihioastitis case
was based on the on-farm culture results. Quarters from which GP bacteriaohstesl
or had a mix infection received the same IMM antibiotic treatment followingahe
procedures than cases assigned to PC. If the on-farm culture result wasN\GNtlen

the quarter did not receive IMM therapy.

Laboratory Bacteriological Culture

Aerobic culture methodologies for frozen milk samples (enrollment day 0, day 14, day
21) collected on farms were standardized among labs at all threéppdiri sites and
performed in accordance with the National Mastitis Council guidelinesqNIG99).
Briefly, individual quarter milk samples were thawed at the lab at room tetapera

While still cold, 0.0Iml of milk was plated onto MacConkey agar and Factor agar using
sterile calibrated loops. Factor Agar, similakidVIB agar (Beattyet al., 1985), selects

for GPorganisms while inhibiting the growth of GN bactemh antibiotics. Inoculated

plates were incubated at 37°C. After incubatarl8 to 24 h, all plates were observed
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for microbial growthThose plates having growth were recorded and specie identification
started. All plates were placed in the incubator for an addit8thtd 48 h and

reevaluated for microbial growth. ColoniesMacConkey agar plates were

presumptively identified based oalony morphology. Colony color was used as a means
of determiningf the organism on the plate was a lactose-fermenting orgaisisiaites

were also Gram stained to assist in organism identificaiaganism identity was
confirmed using the API 20E test (bioMerieux-VitelG. Hazelwood, MO). Colonies
suspected as being staphylocdiased on morphology were confirmed as staphylococci
based oratalase reaction and microscopic morphology. Organisms suspebtadg
Saphylococcus aureus were confirmed using the tubeagulase reaction. Those
organisms that were catalase-positind coagulase-negative were classified as
Staphylococcus spp.Catalase-negative streptococci were streaked onto TKT medium,
which is selective foftreptococcus spp. only, to determirtee esculin reaction and
presumptive identification prior rganism confirmation using the API Streptococcus

identificationsystem (bioMerieux-Vitek, Inc. Hazelwood, MO).

Any number of colonies from a bacteria species isolated in a milk sampl®emnsidered
an IMI. A quarter was considered infected when one or two bacteriakspeere
isolated from a quarter milk sample. A quarter sample was considered oteamf
three or more bacterial pathogens were isolated. Laboratory culture oésssified as
Gram-positive include&reptococcus agalactiae, Sreptococcus dysgal actiae,
Streptococcus uberis, Streptococcus bovis, Enterococcus, Saphylococcus aureus,

Coagulase-negative Staphylococci (Staph species), Corynebacterium bovis,
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Arcanobacter pyogenes, Citrobacter, andProteus were isolated. Laboratory culture
results classified as Gram-negative incluéischerichia coli, Klebsiella spp.,

Enterobacter, Serratia or Pseudomonas were isolated.

Study Population Selection

Milk samples from all quarters enrolled into the culture-based group with both @FC a

laboratory culture results were used.

Validation of the Bi-Plate Minnesota Easy Culture S ystem

Test characteristics should be prefixed with the term ‘relative’ to itedtbat the
calculations were based on biologically related tests (Minnesota EasyeitPlate
System and laboratory milk culture media) (Dolebal., 2003) with laboratory milk

culture being the accepted reference method.

Agreement between the Bi-Plate OFC and Laboratory Culture Results

Agreement between the OFC and laboratory to classify milk sampleectatults into

NG, GP growth, GN growth and contaminated sample categories was calcuiiated us

the Cohen’s Kappa statistic. Before assessing kappa, it was assbetieer there was

test bias (Dohoet al., 2003). This was indicated by the proportion classified by both
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culture systems in each category (jetp,, where p and p represent the proportion of

NG, GP and GN in each culture system).

Kappa and a 95% confidence interval for Kappa was determined using the FREQC F

with the /AGREE option of SAS version 9.3 (SAS Institute, Cary, NC). The

interpretation of kappa was as follows: a) slight agreement (<20%), byfagraent (20

to 40%), c) moderate agreement (40 to 60%), d) substantial agreement (60 to 80%), and

e) almost perfect agreement (>80%) (Dolkbal., 2003).

Ability of the Bi-Plate OFC to Identify Correctly Bacterial Growth

Positive and negative results for the OFC system and laboratory culiults reere

defined for four diagnostic interpretations:

Correctly Identify Gram-Positive or Gram-Negative Bacterial Growth in Quarter

Milk Samples

A positive result is the isolation of bacteria (G), and a negative resbkenee of

bacterial growth (NG).

Correctly Identify Gram-Positive Bacterial Growth in Quarter Milk Samples
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A positive result is the isolation Gram-positive bacteria (GP), and aivegesult is
absence of bacterial growth (NG) or isolation Gram-negative fi@¢€&N). In the
clinical mastitis treatment study in cows during lactation, a decisiormaadse to treat
with IMM antibiotic in clinical mastitis quarters assigned to the culhased study
group not only if GP bacteria were isolated, but also if a quarter milk sample was
classified as a mixed infection on farm. A decision was made not to treat viith IM
antibiotic if Gram-negative bacteria or no bacteria were isolated u$ifg 8s such, a
positive OFC result resulted in a decision to treat while a negative O&Cressilted in

a decision not to treat.

Correctly Identify Gram-Negative Bacterial Growth in Quarter Milk Samples

A positive result is the isolation Gram-negative bacteria (NG), and a negdiveis

absence of bacteria growth (NG) or isolation Gram-positive bactefip (G

Estimations of Sensitivity, Specificity, Likelihood Ratios and Predictive Values

The sensitivity (Se) of the Minnesota Easy Culture Bi-Plate Syst¢ie iconditional
probability of obtaining a positive result on-farm, given a positive result iraboedtory.
Sensitivity and a 95% confidence interval were calculated using the PROQ 61REAS
version 9.3 (SAS Institute, Cary, NC) with a variable representing the laborasults
in the TABLE statement and selecting only for positive OFC results using tHieRE

statement. The specificity (Sp) of the Minnesota Easy CulturdaBe-Bystem is the
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conditional probability of obtaining a negative result on farm, given a negativeiresul
the laboratory. Specificity and a 95% confidence interval were calculateglthsi

PROC FREQ of SAS version 9.3 (SAS Institute, Cary, NC) with a variableseming
the laboratory results in the TABLE statement and selecting only for ne@i@e
results using the WHERE statement. The likelihood ratio is a prevalence-id@ape
combined measure of sensitivity and specificity that represents iihéeatveen the odds
of the pretest and post-test probability of a result in the laboratory, giaeretult using
OFC (Dohocet al., 2003). The likelihood ratio of a positive result (PV+) and the
likelihood ratio of a negative result (LR-), as well as 95% confidence insameake

calculated: LR+ = Se / (1-Sp) and LR- = (1-Se) / Sp.

The Se and Sp represent the probability of a certain test result (positive or

negative), given the known infection status of a quarter sample. However, knowing the
Se and Sp does not directly measure the confidence the reader has in the atemracy
individual test result when applied to quarter samples of unknown bacteriological status
The actual number of true and false diagnostics depend on test characterigtitksaas

on the prevalence of infection in the tested population (Dehalo, 2003). Predictive

values indicate the probability that a quarter milk sample is truly infeotaubt

infected), depending on whether it tests positive or negative using the OEQ@ syst

farm. Predictive values can change with different populations of animald tetiethe

same test, because they depend on the true prevalence of the condition in the population
and test characteristics (Se, Sp). The predictive value of a positive te3tigRNe

probability that, given a positive result on farm, the laboratory milk samplereutsult
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is also positive. The predictive value of a positive test and a 95% confidencelinterva
were calculated using the PROC FREQ of SAS version 9.3 (SAS InsGiautg NC)

with a variable representing the OFC results in the TABLE statement laatrsgonly
for positive laboratory results using the WHERE statement. The predictiwe ofea
negative test (PV-) is the probability that, given a negative result on fartaptiratory
milk sample culture result is also negative. The predictive value of a netgsiand a
95% confidence interval were calculated using the PROC FREQ of Saisrvér3

(SAS Institute, Cary, NC) with a variable representing the OFC rasutie TABLE

statement and selecting only for negative laboratory results usingHIER® statement.

Independent Regression Analysis

Generalized linear mixed models using the SAS GLIMMIX PROC version 9.3 (SAS
Institute, Cary, NCvith cow and herd as random effects, were used to estimate Se and
Sp by modeling dichotomous variables representing the on farm quarter milk sample
culture results (positive or negative) as a function of the laboratory crasuks, and

vice versa to estimate PV. Covariate information on biological factorstadl@llows

more efficient adjustments for misclassification and may faciléateapolation of the
results to other populations (Dohetal., 2003). Explanatory variables such us cow
parity, days in milk (DIM) at clinical mastitis event, and etiology oéation based on
laboratory culture results were included in the model if it was a potential configundi

variable or if increased the precision of the estimate.
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The generalized linear mixed models to estimate Se and Sp were spagiftdlows:
logit(Yiik) = o + B’ 1 X1+ B’ 2iX2 + Vherd() + Ueow() + & Where)Yj represent the laboratory
culture result, and one of the covariates associated with the vegt@pXesents OFC
result; Y = the fitted probability of théiquarter, and théjcow; a = regression
intercept; X; = vector of covariates associated with quarter i of c@Mjj;= vector of
coefficients for X;j;; X = vector of cow-level exposures for cowBjs = vector of
coefficients for X%;; Vherag) = random effect reflecting the herd-level clustering of cows;
Ucow() = random effect reflecting the cow level clustering of quartersgiemdesidual
variation between quarters. Test characteristics for a given setafvaties were
estimated as follows: Se £ (1 + &) wherep = o + X1+ B’ 21Xz when X;j= 1
(model based only in positive laboratory culture results); Sp =1/{1et+ ¢)) whereu

= a + B 41X+ B’ 2X2when X = 0 (model based only in negative laboratory culture
results). The same approach was used to estimate PV but in this case,dine asitbe
guarter milk sample laboratory culture result (positive or negativejuascton of the
OFC result. PV+ ="/ (1 + ¢) wherep = a + B’ 1jjX1jj+ B’ 2X2;when X;; = 1 (model
based only in positive OFC results); PV- = 1 &/(fl + &) wherep = a + B 1jXqj+

B’ 2iX2;when X = 0 (model based only in negative OFC results).

RESULTS

Quarter Samples from Clinical Mastitis Cases in Lac  tating Cows

Sample Description
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A total of 193 quarter milk samples were cultured both on farm using an OFC sysiem

at the laboratory using standard bacteriological culture procedure©HRC classified

52, 76, 56 and 9 samples as NG, GP, GN and mix infection, respectively (Table 6.1). The
laboratories classified 65, 74, 50 and 4 samples as NG, GP, GN and mix infection,
respectively. Cow and quarter level descriptors and etiology of infectiomaineent for

both study groups of the clinical mastitis trial has been described elsdivagost al .,

2009).

Test Characteristics and Predictive Values

Agreement beyond chance between the Bi-Plate OFC and Laboratory

Culture Results

The agreement beyond chance between both culture methodologies to corresifly cla
samples as NG, GP, GN and mixed infection was moderate [KaBp&o CI) = 51 (41,
60)]. This ranged from 45% to 71% for 4 herds with more than 20 milk sample culture

results.

Ability of the Bi-Plate OFC to Correctly Identify Bacterial Growth

Correctly Identify Gram-Positive or Gram-Negative Bacterial Growth in Quarter

Milk Samples
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Kappa: The agreement beyond chance between both culture methodologiesfio classi
milk sample culture results as G and NG was moderate [Kappa (95% CI) = 44 (31, 58)]
(Table 6.2). This ranged from 32% to 58% for 4 herds with more than 20 milk sample

culture results.

Sensitivity: There was an 87% probability of isolating bacteria using Oi€h g
bacterial growth in the laboratory [§g(95% CI) = 87 (82, 93)] (Table 6.2). This ranged

from 78% to 94% for 4 herds with more than 20 milk sample culture results.

Specificity: There was a 55% probability of not isolating bacteria uskF@, @iven
absence of bacterial growth in the laboratory,[S(95% CI) = 55 (43, 67)] (Table 6.2).

This ranged from 36% to 70% for 4 herds with more than 20 milk sample culture results.

Positive Likelihood Ratio: The odds of isolating bacteria using OFC wereaised to
1.9, given a bacterial growth in the laboratory as compared with sampleshaltzga
were not isolated in the laboratory. [LR#(95% CI) = 1.9 (1.4, 2.8)] (Table 6.2). It

ranged from 1.5 to 2.8 for 4 herds with more than 20 milk sample culture results.

Negative Likelihood Ratio: The odds of not isolating bacteria using OFC edueed to

0.2, given an absence of bacterial growth in the laboratory, as compared witessampl

where bacteria were isolated in the laboratory. klR95% CI) = 0.2 (0.1, 0.5)] (Table
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6.2). This ranged from 0.1 to 0.4 for 4 herds with more than 20 milk sample culture

results,.

Positive Predictive Value: There was an 79% probability that, given théasolbecteria
using OFC, that the laboratory milk sample culture also resulted in bagrenéh
[PV+oec (95% CI) = 79 (72, 85)] (Table 6.3). This ranged from 72% to 89% for 4 herds

with more than 20 milk sample culture results.

Negative Predictive Value: There was a 69% probability that, giveisdkation bacteria
using OFC, that the laboratory milk sample culture also resulted in a bagtexth
[PV-0rc (95% CI) = 69 (57, 82)] (Table 6.3). This ranged from 59% to 78% for 4 herds

with more than 20 milk sample culture results.

Identify Gram-Positive Bacterial Infection in Quarter Milk Samples

Kappa: The agreement beyond chance between both culture methodologiesfio classi
milk sample culture results as GP was substantial [Kappa (95% CI) = 61 (49ab}8 (
6.2). This ranged from 49% to 79% for 4 herds with more than 20 milk sample culture
results of the 8 dairy herds enrolled in the study. Similarly, when an IMMiaigi
treatment decision in clinical mastitis quarters assigned to the cblseal study group
was made not only if Gram-positive bacteria were isolated, but also if arquékte
sample was classified as a mixed infection on farm, then the agreememd lcbpmce

between the two culture methodologies to make a decision to treat was sailbstant
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[Kappa (95% CI) = 61 (49, 72)]. This ranged from 56% to 79% for 4 herds with more

than 20 milk sample culture results.

Sensitivity: There was a 78% probability of isolating GP bacteria usirgy GiFen the
presence of GP bacterial growth in the laboratoryf365% CI) = 78 (68, 87)] (Table
6.2). It was 75% to 100% for 4 herds with more than 20 milk sample culture results, of
the 8 dairy herds enrolled in the study. Similarly, there was an 82% probabitigking

a decision to treat using OFC, given the presence of GP bacterial growthiofeaiion

in the laboratory [Sg: (95% CI) = 82 (73, 90)]. This was 75% to 83% for 4 herds with

more than 20 milk sample culture results.

Specificity: There was an 83% probability of not isolating GP bacterig @#HC, given

the absence of GP bacterial growth in the laboratory-{$85% CI) = 83 (77, 90)]

(Table 6.2). This ranged from 78% to 100% for 4 herds with more than 20 milk sample
culture results, of the 8 dairy herds enrolled in the study. Similarly, theranv@0%
probability of making a decision not to treat using OFC, given the absence of GP
bacterial growth or mixed infection in the laboratory{S1§95% CI) = 80 (73, 88)]. This

ranged from 76% to 100% for 4 herds with more than 20 milk sample culture results.

Positive Likelihood Ratio: The odds of isolating GP bacteria using OFCin@eased
to 4.7, given GP bacterial growth in the laboratory, as compared with samplesG#here
bacteria were not isolated in the laboratory. [LR{95% CI) = 4.7 (2.9, 8.8)] (Tablel).

This ranged from 3.4 to 6.8 for 4 herds with more than 20 milk sample culture results, of
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the 8 dairy herds enrolled in the study. Similarly, the odds of making a decisieatto tr
using OFC were increased to 4.1, given GP bacterial growth or mixed infection in the
laboratory, as compared with samples where GP bacteria or mixedanfegtie not
isolated in the laboratory. [LR# (95% CI) = 4.1 (2.7, 7.0)]. This ranged from 3.5 to 6.9

for 4 herds with more than 20 milk sample culture results.

Negative Likelihood Ratio: The odds of not isolating GP bacteria using OFC were
reduced to 0.3, given an absence of GP bacterial growth in the laboratory, asecompar
with samples where GP bacteria was isolated in the laboratory:fL(B5% CI) = 0.3

(0.1, 0.4)] (Table 6.2). This was 0.3 for 4 herds with more than 20 milk sample culture
results, of the 8 dairy herds enrolled in the study. Similarly, the odds of not is@king
bacteria or mixed infection using OFC were reduced to 0.2, given an absence of GP
bacterial growth or mixed infection in the laboratory, as compared with sawipbze

GP bacteria or a mix infection were isolated in the laboratory..fR85% CI) = 0.2

(0.1, 0.4)]. This ranged from 0.2 to 0.3 for 4 herds with more than 20 milk sample culture

results.

Positive Predictive Value: There was an 74% probability, given the isolaRdvaGieria
using OFC, that the laboratory milk sample culture also resulted in GP abgterith
[PV+oec (95% CI) = 74 (64, 84)] (Table 6.3). This ranged from 60% to 100% for 4 herds
with more than 20 milk sample culture results. Similarly, there was a 73% gditybabi

that, given a decision to treat using OFC, the laboratory milk sample adsuiéed on a
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GP bacterial growth or mixed infection [P¢¢(95% CI) = 73 (64, 82)]. This ranged

from 65% to 100% for 4 herds with more than 20 milk sample culture results.

Negative Predictive Value: There was an 86% probability, given thatimolGP bacteria
using OFC, that the laboratory milk sample culture also resulted in GP abgterith
[PV-0rc (95% CI) = 86 (80, 93)] (Table 6.3). This ranged from 76% to 88% for 4 herds
with more than 20 milk sample culture results, of the 8 dairy herds enrolled in the study
Similarly, there was an 87% probability that, given a decision not to treat usi@gtat

the laboratory milk sample culture did not result in GP bacterial growthixedm

infection [PV (95% CI) = 87 (81, 93)]. This ranged from 79% to 90% for 4 herds with

more than 20 milk sample culture results.

Correctly Identify Gram-Negative Bacterial Infection in Quarter Milk Samples

Kappa: The agreement beyond chance between both culture methodologiesfio classi
milk sample culture results as GN was moderate [Kappa (95% CI) = 57 (44, 7@ (Tabl
6.2). This ranged from 53% to 73% for 4 herds with more than 20 milk sample culture

results.

Sensitivity: There was a 73% probability of isolating GN bacteria usk@,Qiven the
presence of GN bacterial growth in the laboratory{S@5% CI) = 73 (60, 85)] (Table
6.2). This ranged from 60% to 100% for 4 herds with more than 20 milk sample culture

results.
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Specificity: There was an 87% probability of not isolating GN bacteriguBFC, given
the absence of GN bacterial growth in the laboratoryf3p5% CI) = 87 (81, 92)]
(Table 6.2). This ranged from 77% to 92% for 4 herds with more than 20 milk sample

culture results.

Positive Likelihood Ratio: The odds of isolating GN bacteria on farm wereaseteo
5.4, given GN bacterial growth in the laboratory, as compared with samples vhere G
bacteria were not isolated in the laboratory. [LR{95% CI) = 5.4 (3.2, 10.9)] (Table
6.2). This ranged from 4.3 to 7.4 for 4 herds with more than 20 milk sample culture

results.

Negative Likelihood Ratio: The odds of not isolating GN bacteria using OF€ wer
reduced to 0.3, given an absence of GN bacterial growth in the laboratory, asezbmpa
with samples where GN bacteria were isolated in the laboratory, (R5% CI) = 0.3
(0.2, 0.5)] (Table 6.2). This ranged from 0 to 0.4 for 4 herds with more than 20 milk

sample culture results.

Positive Predictive Value: There was a 66% probability that, given thelasotdtGN
bacteria using OFC, that the laboratory milk sample culture also resulBd bacterial
growth [PV+c (95% CI) = 66 (54, 78)] (Table 6.3). This ranged from 46% to 75% for 4

herds with more than 20 milk sample culture results.
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Negative Predictive Value: There was a 90% probability that, ghersolation GN
bacteria using OFC, that the laboratory milk sample culture also resulBid bacterial
growth [PVyec (95% CI) = 90 (85, 95)] (Table 6.3). This ranged from 85% to 100% for 4

herds with more than 20 milk sample culture results.

Quarter Samples Collected after Parturition from CM  T-Positive Quarters

Sample Description

Four hundred and thirty quarter milk samples were cultured both on farm using an OFC

system and at the laboratory using standard bacteriological culturelpreseThe OFC

classified 258, 142, 19 and 11 samples as NG, GP, GN and mix infection, respectively

(Table 6.1). The laboratories classified 228, 181, 11 and 10 samples as NG, GP, GN and

mixed infection, respectively. Cow and quarter level descriptors and etiologfgction

at enrollment for both study groups have been described elsewheres{lahg@009).

Test Characteristics and Predictive Values

Agreement beyond chance between the Bi-Plate OFC and Laboratory

Culture Results

211



The agreement beyond chance between both culture methodologies to classig sampl
NG, GP, GN and mixed infection was moderate [Kap(#6% CI) = 44 (36, 51)]. It

ranged from 40% to 49% for 4 herds with more than 20 milk sample culture results.

Ability of the Bi-Plate OFC to Correctly Identify Bacterial Growth

Correctly Identify Gram-Positive or Gram-Negative Bacterial Infection in Quarter

Milk Samples

Kappa: The agreement beyond chance between both culture methodologiesfio classi
milk sample culture results as GP was moderate [Kappa (95% CI) = 45 (37, B1g] (Ta
6.2). This ranged from 40% to 45% for 4 herds with more than 20 milk sample culture

results.

Sensitivity: There was a 64% probability of isolating bacteria using Ok€n the
presence of bacterial growth in the laboratory{S©5% CI) = 64 (57, 70)] (Table 6.2).

It ranged from 65% to 94% for 4 herds with more than 20 milk sample culture results.

Specificity: There was an 81% probability of not isolating bacteria usk@, Qiven the

absence of bacterial growth in the laboratory,[S(95% CI) = 81 (76, 86)] (Table 6.2).

This ranged from 44% to 85% for 4 herds with more than 20 milk sample culture results.
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Positive Likelihood Ratio: The odds of isolating bacteria using OFC wereaised to
3.4, given a bacterial growth in the laboratory as compared with sampleshabtrga
were not isolated in the laboratory. [LR#(95% CI) = 3.4 (2.4, 5.1)] (Table 6.2). This

ranged from 1.7 to 3.9 for 4 herds with more than 20 milk sample culture results.

Negative Likelihood Ratio: The odds of not isolating bacteria using OFC wdree® to
0.4, given the absence of bacterial growth in the laboratory as compared witessampl
where bacteria were isolated in the laboratory. lR95% CI) = 0.4 (0.3, 0.6)] (Table
6.2). This ranged from 0.1 to 0.5 for 4 herds with more than 20 milk sample culture

results.

Positive Predictive Value: There was a 75% probability, given the isolatioactdria
using OFC, that the laboratory milk sample culture also resulted in bagrenah
[PV+oec (95% CI) = 75 (69, 81)] (Table 6.3). This ranged from 59% to 85% for 4 herds

with more than 20 milk sample culture results.

Negative Predictive Value: There was a 72% probability, given thatisolbacteria

using OFC, that the laboratory milk sample culture also resulted in bagterdh [PV-

orc (95% CI) = 72 (66, 77)] (Table 6.3). This ranged from 54% to 85% for 4 herds with

more than 20 milk sample culture results.

Correctly Identify Gram-Positive Bacterial Infection in Quarter Milk Samples
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Kappa: The agreement beyond chance between both culture methodologiesfio classi
milk sample culture results as GP was moderate [Kappa (95% CI) = 44 (36, 58] (Tabl
6.2). This ranged from 36% to 62% for 4 herds with more than 20 milk sample culture

results.

Sensitivity: There was a 58% probability of isolating GP bacteria usirgy GiFen the
presence of GP bacterial growth in the laboratoryf3685% CI) = 58 (51, 65)] (Table

6.2). This was 46% to 88% for 4 herds with more than 20 milk sample culture results.

Specificity: There was an 85% probability of not isolating GP bacterig @HC, given
the absence of GP bacterial growth in the laboratory-{$®5% CI) = 85 (81, 90)]
(Table 6.2). This ranged from 65% to 88% for 4 herds with more than 20 milk sample

culture results.

Positive Likelihood Ratio: The odds of isolating GP bacteria using OFCinaeased

to 3.9, given the presence of GP bacterial growth in the laboratory, as compared with
samples where bacteria were not isolated in the laboratory ofL 6% CI) = 3.9 (2.6,

6.2)] (Table 6.2). This ranged from 2.4 to 4.3 for 4 herds with more than 20 milk sample

culture results.

Negative Likelihood Ratio: The odds of not isolating GP bacteria using OFC were
reduced to 0.5, given the absence of GP bacterial growth in the laboratory, asecompa

with samples where GP bacteria were isolated in the laboratoryfL(B5% CI) = 0.5
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(0.4, 0.6)] (Table 6.2). This ranged from 0.2 to 0.6 for 4 herds with more than 20 milk

sample culture results.

Positive Predictive Value: There was a 74% probability, given the isolafopaGteria
using OFC, that the laboratory milk sample culture also resulted in GP abgterith
[PV+oec (95% CI) = 74 (67, 81)] (Table 6.3). This ranged from 58% to 85% for 4 herds

with more than 20 milk sample culture results.

Negative Predictive Value: There was a 74% probability, given thatisolGP bacteria
using OFC, the laboratory milk sample culture also resulted in GP bagrenah [PV-
orc (95% CI) = 74 (69, 79)] (Table 6.3). This ranged from 69% to 82% for 4 herds with

more than 20 milk sample culture results.

Correctly Identify Gram-Negative Bacterial Infection in Quarter Milk Samples

Kappa: The agreement beyond chance between both culture methodologiesfyo class

milk sample culture results as GN was moderate [Kappa (95% CI) = 45 (22, 64 (Tabl

6.2). This ranged from 39% to 74% for 4 herds with more than 20 milk sample culture

results.

Sensitivity: There was a 64% probability of isolating GN bacteria usk@, Qiven the

presence of GP bacterial growth in the laboratoryf3685% CI) = 64 (35, 92)] (Table
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6.2). This ranged from 60% to 100% for 4 herds with more than 20 milk sample culture

results.

Specificity: There was an 87% probability of not isolating GN bacteriguBFC, given
the absence of GN bacterial growth in the laboratoryf3p5% CI) = 97 (96, 99)]
(Table 6.2). This ranged from 89% to 99% for 4 herds with more than 20 milk sample

culture results.

Positive Likelihood Ratio: The odds of isolating GN bacteria using OFC iwereased

to 22.3, given the presence of GN bacterial growth in the laboratory as comptred wi
samples where GN bacteria were not isolated in the laboratorye{i @5% CI) = 22.3
(7.9, 72.5)] (Table 6.2). This ranged from O to 84.7 for 4 herds with more than 20 milk

sample culture results.

Negative Likelihood Ratio: The odds of not isolating GN bacteria using OF€ wer
reduced to 0.4, given the absence of GN bacterial growth in the laboratooyn@ared
with samples where bacteria were isolated in the laboratorye{d @5% CI) = 0.4 (0.1,
0.7)] (Table 6.2). This ranged from O to 1 for 4 herds with more than 20 milk sample

culture results.

Positive Predictive Value: There was a 37% probability, given the isolatiGiof

bacteria using OFC, the laboratory milk sample culture also resulted baGhrial
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growth [PV (95% CI) = 37 (15, 59)] (Table 6.3). This ranged from 25% to 100% for

4 herds with more than 20 milk sample culture results.

Negative Predictive Value: There was a 98% probability, given thatisolGN bacteria
using OFC, the laboratory milk sample culture also resulted in GN bacjeveth [PV-
orc (95% CI) = 99 (98, 100)] (Table 6.3). This ranged from 94% to 100% for 4 herds with

more than 20 milk sample culture results.

Independent Regression Analysis for Clinical Mastit is and CMT-Positive

Quarter Samples

Including explanatory variables such as cow parity, days in milk (DIMljratal

mastitis event, and etiology of infection based on laboratory culture resuhd€f&e and
Sp estimations), the ratio between the difference of the crude estimdateeaadjusted
estimate versus the crude estimate was not greater than 10%, therefaseconcluded
that those variables did not confound the test characteristics or predictive value
estimates. Models were also compared ugoaginess of fit measures and the precision
of the estimate was not improved by the inclusion of the explanatory variables in the
models. Consequently, test characteristics and predictive values estibtatesed from
the independent regression analyses are not reported because they do not differ

substantially from those reported previously.
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Relationship between Test Characteristics on Indivi dual Herds and Herd

Prevalence of Infection

In the clinical mastitis study the herd prevalence (the proportion of clipiater

samples submitted that yielded a positive laboratory culture result) fdiffient test
interpretations ranged from 48 to 77% for G, 31 to 53% for GP, and 17 to 38% for GN in
clinical mastitis cases enrolled in the 4 herds with more than 20 milk sample cultur
results. The width of the probability distribution in herd prevalence (the proportion of
CMT-positive quarters from cows after parturition that yielded a posaberatory

culture result) was even more pronounced. Thus, it ranged from 29 to 78% for G, 26 to
64% for GP, and 0 to 13% for GN in quarters enrolled in the 4 herds with more than 20

milk sample culture results.

Though it was not an a priori objective of this study, it was interesting to notéehat t
OFC test characteristics appeared to vary with herd prevalence. F@lexasthe herd
prevalence increased, the Se and Sp of the bi-plate OFC system to identifgaSedcr

and decreased, respectively (Figure 6.1). In addition, there was a strongeposit
correlation between the herd prevalence and the herd proportion of high bacteria count
samples (>100 cfu/ml) among samples with bacteria growthk (R7371; P = 0.0369).

The odds for a positive sample to be classified as positive by the Bi-FHatasy3tem

were 3.5 times higher in samples where high bacteria concentration wafedetihe
laboratory (P < 0.0001). In the 8 herds with more than 20 milk sample culture results of

the 22 dairy herds enrolled in both studies, the proportion of high bacteria count samples
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(>100 cfu/ml) among samples with bacteria growth ranged from 57 to 70% for the 4
herds where clinical mastitis cases were enrolled, and 48 to 85% of positivénresul

CMT-positive quarter samples for the 4 herds that enrolled cows after fp@mturi

DISCUSSION

Withholding of antibiotic treatment for NG cases is a common practice when OFC is
used to make clinical mastitis treatment decisions. In a producer surveypithesthe

use of this OFC system on 52 commercial dairy farms, 67% of the producers reported
that antibiotic treatment was not administered in NG cases (Nee$e260D8&). The

overall ability of the bi-plate OFC system to identify bacterial ghofrom clinical

mastitis samples on-farm was comparable to the previously reported othehest was

evaluated in a laboratory setting (Hochhalter et al., 2006).

The prevalence of bacterial isolation in clinical mastitis casesledtol the current

study was 66% according to the laboratory culture reference method. Given this
prevalence of bacterial isolation and the test characteristics of that®ipFC system,

Se = 87% and Sp = 55%, the percentage of true positives (TP), true negativdal§EN),
positives (FP) and false negatives (FN) was 58, 19, 15 and 8, respectively (Tabfe 6.3). |
the clinical mastitis treatment decision was only based on bactewetlhgusing OFC,

21% of the treated clinical mastitis cases should not have received treatich@iea of

the non treated clinical mastitis cases should have received treatmeiail,@ve correct

treatment decision was made for 77% of clinical mastitis quarters.
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The prevalence of bacterial isolation in CMT-positive quarters of cowdexhedter

parturition was 47% according to the laboratory culture reference method. iGise
prevalence of infection and the test characteristics of the bi-plate Ofgths®e = 64%

and Sp = 81%, the percentage of TP, TN, FP and FN was 30, 43, 10 and 17, respectively
(Table 6.3). If the treatment decision for CMT-positive quarters afteuniarh was only

based on bacterial growth using OFC, 25% of the treated cases should not have received
treatment and 28% of the non treated cases should have received treatmer}.teveral

correct treatment decision was made for 73 % of CMT-positive quarterpafterition.

In the previously mentioned producer survey, 93% of the producers reported that
antibiotic treatment was administered to treat GP cases of tinésditis, whereas only
39% and 33% of producers used antimicrobials to treat GN and NG cases, respectively
(Neeser et al., 2006). Therefore, the most common use of the bi-plate OFC sgstem m
be to identify GP growth. Test characteristics from the current stweiesscomparable

to a previous report in which the test was evaluated in a laboratory setting (techha

al., 2006). However, higher Se and lower Sp was reported in a different report (McCarron
at al., 2008). The ability to identify bacterial growth has also been evaluatgdausi
different selective culture system, the Petriflm™ system (3M Miaidolgy, St Paul,

MN). These are sample-ready selective culture media that are ethféetapid
bacteriological isolation and enumeration of bacteria from food productsilPéttif
products that are potentially useful for diagnosis of mastitis include PeiMfiAerobic

count plates, Coliform count plates and Staph Express count plates (Silva et al., 2004).

When the Petrifilm™ Aerobic count and Coliform count plates were evaluated tdyident
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GP bacteria in fresh refrigerated samples at the laboratory, it pedaiméarly to the
Minnesota Easy Culture Bi-Plate System when a cut-point of 5 colonies in the
Petriflm™ Aerobic count plate and 20 colonies in the Coliform count plate (MoQatr

al., 2007). In addition to the need of establishing a cut-point for the Petriflm™ OFC
system to perform similarly to the bi-plate OFC system, authors reportdeettause of
artifact created by mastitis debris, samples were subsequentlgditat® with sterile

water before being placed on the Petrifilms™. Another commercial OF€hsysthe
HymasfP Bacteriological Test System which is a selective media bacteidaldgst

system for detection of GP and GN organisms in milk. It has been reported that the
HymasP test is useful for determining GP growth when the test is read at 36 hours of
incubation. At earlier readings, 12 and 24 hours after incubation, Se was unacceptable
low. However, although Se at 36 hours ranged from 80 to 91% among 5 different readers,
Sp was poor ranging from 30 to 45%. The Hyfiasst is not currently commercially

available.

The prevalence of GP bacterial growth in clinical mastitis cazedled in the study was
37% according to the laboratory culture reference method. Given this prevalence
infection and the test characteristics of the bi-plate OFC system, Se aniBSp = 83%,
the percentage of TP, TN, FP and FN was 29, 52, 11 and 8, respectively (Table 6.3). If
the clinical mastitis treatment decision was based on GP growth, 26% wdatezlitcases
should not have received treatment and 14% of the non treated cases should have
received treatment. Overall, the correct treatment decision was maiE/4af clinical

mastitis quarters. The prevalence of GP bacterial growth in CMT-pogiiasters of
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cows enrolled after parturition was 42% according to the laboratory reéemsgtbiod.

Given this prevalence of infection and the test characteristics of thetdicpfeC system,

Se =58% and Sp = 85%, the percentage of TP, TN, FP and FN was 24, 49, 9 and 18,
respectively (Table 6.3). If the treatment decision for CMT-positive qeaafeer

parturition was based on the presence of GP growth using OFC, 26% of the treasded cas
should not have received treatment and 26% of the non treated cases should have
received treatment. Overall, the correct treatment decision was matR%eof CMT-

positive quarters after parturition.

The bi-plate OFC system may be used to identify GN bacterial growth afidrardi
treatment protocol may follow this diagnosis. This application of the bi-plate @$t€hs
has not been evaluated before. The prevalence of GN growth in clinicaisrestes
enrolled in the study was 26% according to the laboratory culture. Given thisemeyal
of infection and the test characteristics of the bi-plate OFC system, Se antB33p =
87%, the percentage of TP, TN, FP and FN was 19, 64, 10 and 7, respectively (Table
6.3). If the different clinical mastitis treatment decision was based ogr@Mh, then

34% of cases receiving treatment should not have received treatment and 10% of the
cases that did not receive treatment should have received treatment. Overaitgeitte c
treatment decision was made for 73% of clinical mastitis quarters. Thalgwes of GN
growth in CMT-positive quarters of cows enrolled after parturition waga&86rding to

the laboratory culture. Given this prevalence of infection and the test chistaastef

the bi-plate OFC system, Se = 64% and Sp = 97%, the percentage of TP, TN, FP and FN

was 2, 94, 3 and 1, respectively (Table 6.3). If the treatment decision for CMT-positive
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guarters after parturition was based on GN growth, 63% of the cases receiatngeit
should not receive treatment and 1% of the cases that did not receive treatment should
have received treatment. The large misclassification rate of sawipdes GN bacterial
growth was not present is due to the very low prevalence of GN bacterial growth in
CMT-positive quarters after parturition. Overall, the correct treatmendideavas made

for 96% of CMT-positive quarters after parturition.

Test characteristics of binary diagnostic tests are often thought ohagsit@ependent of
disease prevalence. However, in the current study using an example the uds-of the
plate OFC system to identify bacterial growth Se increased with hevelpnce
(proportion of samples submitted that yield a positive laboratory culture resuilg,Sp
decreased (Figure 6.1). Therefore, it appears that part of the variation in test
characteristics (Se and Sp) among herds may be at least partialipec g differences

in herd prevalence of IMI.

The reasoning that test characteristics of binary diagnostic testglapendent of

disease prevalence is justified in situations with a truly dichotomous diseaseand a
homogeneous probability of diagnostic misclassification within the populationlyf tr
positive samples and within the population of truly negative samples. However, and using
an example the use of the bi-plate OFC system to identify bacterial growth, in our
database the odds for a positive sample to be classified as positive by thteEMFC

system were 3.5 times higher in samples where high bacteria concentra@orc{e/ml)

was identified at the laboratory. This provides evidence that the bi-plate Ote@ slike
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most tests, is not inherently dichotomous. For these tests, the magnitude oftaiagnos
misclassification depends not only on the magnitude of the measurement error of the
underlying trait(s), but also on the distribution of the underlying trait(s) in the pgimpula
relative to the diagnostic cutpoint (Brenner and Gefeller, 1997). At the hetgdtheare

was a strong positive correlation between the proportion of high bacteria coyni¢sa
among samples with bacteria growth and the prevalence of positive santhkes at
laboratory, therefore, diagnostic misclassification and prevalence ofvpasainples

were not independent. Given the relatively small sample size used in thissa(@lys
herds; 4 clinical mastitis study herds, 4 CMT-positive post-parturient studg)htrese
findings should be considered preliminary and should be interpreted with caution. The
proposed hypothesis, that a relationship exists between herd prevalence and pegforma

of the OFC system, requires further study.

Other possible explanations for differences in test performance betwseal chastitis
and milk samples from CMT-positive quarters may be explained by differenbesd
prevalence. There may be other differences among dairies in the adefjtiecy
implementation bi-plate OFC system and/or interpretation of results, ardifks in the

management of the milk samples that contribute to the variation in test peréerma

In the current study the bi-plate OFC system was validated at opeladisinaarameters.
“Operational” in this context means that the test parameters will beefursed to update
diagnostic decisions. The objective was to establish estimates of chatastefia

diagnostic test that can be used for conditioning the interpretation of test msult
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misclassifications (Greiner and Gardner; 2000). The validity of bi-plate OFC
performance depends on the consequences of both FN and FP test results niltiplied
the number of each diagnostic erroaigiven situation. If the goal of the bi-plate OFC is
to identify quarters that will benefit from antibiotic treatment, then theemurence of a
FN result is the lost opportunity to treat, thereby reducing the severiguaation of the
infection. In the other hand, the consequence of a FP result is an unnecessaepntreat
cost. The efficacy and cost-benefit of the bi-plate OFC system to guitkggira
treatment decisions of GP cases in cows with mild and moderate clinsitisrizas

been reported elsewhere (Lago et al., 2009). Likewise, the efficacy arizboest of
using the CMT and the Bi-Plate OFC in series, to diagnose and guidegnéaigisions
in cows with subclinical mastitis after parturition when GP bacteria sedated, has

been reported elsewhere (Lago et al, 2009).

CONCLUSIONS

The Minnesota Easy Culture Bi-Plate System is a useful cow-side testeotly

identify bacterial growth, Gram-positive bacterial growth, or Granatieg bacterial

growth in quarter secretion samples from clinical mastitis cases arMTirpGsitive

guarter milk samples collected after parturition. Treatment decisiond base

identification of bacterial growth, or GP bacterial growth specificalere correct over

73% of the time. The validity of bi-plate OFC performance depends on the consequences
of missing a FN and the consequences of classifying a FP as positive, noittyptres

number of each diagnostic erroraigiven situation. A future paper will quantify these
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conseqguences in an analysis of the biological outcomes (eg. post-enroliment &CC, mi
yield, clinical mastitis, conception, and removal from herd risk) for cows edrwito

these two studies.
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TABLES

Table6. 1. Laboratory and on-farm culture (Minnesota Easy @alBi-Plate System) results for quarter
secretion samples from clinical mastitis casesrduiactation and quarter milk samples from CMT-posi
quarters from cows after parturition.

No Growth Gram-Positive Gram-Negative Mixed Infection

Parameter % (n) % (n) % (n) % (n)

Laboratory Culture Results

Clinical Mastiti€ 34 (193) 38 (193) 26 (193) 2 (193)

CMT-Positive 53 (430) 42 (430) 3 (430) 2 (430)

On-Farm Culture Results

Clinical Mastitis 27 (193) 39 (193) 29 (193) Bg)

CMT-Positive 60 (430) 33 (430) 4 (430) 3 (430)

& Quarter secretion samples from clinical mastiises
® Quarter milk samples from CMT-positive quartenircows after parturition
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Table 6. 2. Agreement beyond chance, test characteristicsik@lthbod ratios of the Minnesota Easy
Culture Bi-Plate System in order to identify baitkgrowth, identify Gram-positive bacterial growdh
identify Gram-negative bacterial growth in quagecretion samples from clinical mastitis casesnduri
lactation or in quarter milk samples from CMT-po&tquarters from cows after parturition.

Agreement (%) Test Characteristics (%) Likelihood Ratios (OR)

Parameter Kappa (95% CI) Se (95% CI) Sp (95% CI) LR+ (95% CI) LR- (95% CI)

Identify Bacterial Growth

Clinical Mastiti¢ 44 (31, 58) 87(82,93) 55 (43, 67) 1.9 (1.8)2. 67 (55, 80)

CMT-Positivé 45 (37, 54) 64 (57, 70) 81 (76, 86) 3.4 (2.4)5. 67 (50, 81)

Identify Gram-Positive Bacterial Growth

Clinical Mastitis 61 (49, 72) 78 (68,87) 83 (BD) 47(2.9,8.8) 0.3(0.1,0.4)

CMT-Positive 44 (36, 53) 58 (51, 65) 85 (81, 90) 3.9 (2.8)6.0.5 (0.4, 0.6)

Identify Gram-Negative Bacterial Growth

Clinical Mastitis 57 (44, 70) 73(60,85) 87 (8R) 5.4 (3.2, 10.9) 0.3 (0.2, 0.5)

CMT-Positive 45 (22, 67) 64 (35,92) 97(96,99)  22.3 (7@5Y 0.4 (0.1, 0.7)

& Quarter secretion samples from clinical mastiises
® Quarter milk samples from CMT-positive quartenfrcows after parturition
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Table 6. 3. Predictive values and true and false diagnostitckeMinnesota Easy Culture Bi-Plate
System in order to identify bacterial growth, idgnGram-positive bacterial growth or identify Gram
negative bacterial growth in quarter secretion dasfrom clinical mastitis cases during lactationm
quarter milk samples from CMT-positive quartersiiroows after parturition.

Predictive Values (%) Corrédeo) Incorrect (%)
Parameter PV+ (95% CI) PV- (95% CI) TP TN FP FN
Identify Bacterial Growth
Clinical Mastiti§ 79 (72, 85) 69 (57, 82) 58 19 15 8
CMT-Positivé 75 (69, 81) 72 (66, 77) 30 43 10 17

Identify Gram-Positive Bacterial Growth

Clinical Mastitis 74 (64, 84) 86 (80, 93) 29 52 11 8

CMT-Positive 74 (67, 81) 74 (69, 79) 24 49 9 18

Identify Gram-Negative Bacterial Growth

Clinical Mastitis 66 (54, 78) 90 (85, 95) 19 64 10 7

CMT-Positive 37 (15,59) 99 (98, 100) 2 94 3 1

& Percentage of samples identified correctly byBhPlate Minnesota Easy Culture System. The irstiEP
represent the true positives and the initials Tresent the true negatives

® percentage of samples identified incorrectly eyBirPlate Minnesota Easy Culture System. Theaitsiti
FP represent the false positives and the initidlsépresent the false negatives

¢ Quarter secretion samples from clinical mastitises

4 Quarter milk samples from CMT-positive quartenircows after parturition
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Figure6. 1. Test characteristics of the Minnesota Easy CulBiRlate System to identify bacterial
growth in milk samples from 8 herds that differpirevalence of bacterial growth.
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Herd Prevalence

Sensitivity and specificity of the Minnesota EasyltGre Bi-Plate System to identify bacterial grostte
represented&) and @), respectively, in quarter secretion samples fotinical mastitis cases in 4 herds,
and represented) and ), respectively, in quarter milk samples from CMdsjiive quarters from cows
after parturition in the other 4 herds.

Definition of Herd Prevalence:

For the 4 clinical mastitis study herds: The prajporof clinical quarter samples submitted thatdeéel a
positive laboratory culture result.

For the 4 CMT-positive postparturient mastitis stherds: The proportion of CMT-positive quartersnir
post-parturient cows that yielded a positive labamaculture result.
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CHAPTER VII

GENERAL SUMMARY

The goal of this research project was to evaluate of the efficacyfafmnprograms for
the diagnosis and selective treatment of clinical and subclinical mastiasry cattle.
This chapter will justify the need for this research; state the objectivesegulir
summarize the methods, results and conclusions; state the implications ocaigeiiof
these findings to the industry; and discuss future directions for researctillthaes

pursuing.

Clinical and subclinical mastitis in dairy cattle is a common diseas@alasignificant
ramifications, including financial losses to dairy farmers, adversetgefé® cow health
and welfare and potential influences on public health. There is a need to develop and
validate new management strategies to reduce its impact on cow healthrgnd dai
production economics, while continuing to ensure the quality and safety of dairy food
products. The review presented in Chapter | discussing the epidemiology andnteatm
of clinical mastitis during lactation, and subclinical mastitis aftemupiédn, brings to

light opportunities in how treatment decisions are made on farms, and introduces
potentially useful new on farm diagnostic tools. The next few paragraphs s it

review.
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It has been reported that more than half of cultures from clinical mastes yield no
bacterial growth or growth of Gram-negative bacteria. These chsksical mastitis

may not benefit from IMM antibiotic therapy. Conversely, Gram-positivermaramary
infections (IMI) benefit from intramammary therapy (IMM). The selectreatment of
clinical mastitis based on culture results might reduce treatmergd-@asts and promote

more judicious use of antibiotics.

Subclinical mastitis at calving is highly prevalent, and has important conseguence
cow health and production throughout the future lactation. The successful identificati
and treatment of those infections immediately after parturition, in thedpeeiore milk

is saleable, has the potential to diminish the economic impact of disease, vatimheire
related costs are reduced. However, similar to clinical mastitis, cagg<sram-positive

IMIs may benefit from antibiotic therapy.

Finally, in order to identify quarters affected with mastitis that breyefit from IMM
antibiotic therapy and to make judicious use of antibiotics a reality, thereesdato

develop and validate tools that will allow producers to make a rapid and accuratmon-far
diagnosis of the presence and etiology of infection. Qualitative measusaticscell

count such as the California Mastitis Test (CMT), though possible a useful agreeni

tool, is unlikely to fit this purpose because of the a) high false positive rate toltiéitec

in the immediate post-parturient period, and b) the CMT fails to classify taetyp
pathogen present. On farm culture (OFC), a rapid and inexpensive tool, could

conceivably be used to a) diagnose and guide strategic treatment of ohiastais
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cases, and b) use in conjunction as a screening tool (such as CMT), to diagnose and guide

strategic treatment of subclinical IMI in cows after parturition.

Two multi-state multi-herd clinical trials were carried out. One tval@ated the

efficacy of the selective treatment of clinical mastitis duringataamh based on on-farm
culture results. A second trial evaluated the efficacy of the use of thealiivi&, or

using the CMT and an OFC system in series, to diagnose and guide treatmémslacis

cows with subclinical mastitis after parturition.

CLINICAL TRIAL I: EFFICACY OF THE SELECTIVE TREATME NT OF
CLINICAL MASTITIS DURING LACTATION BASED ON ON-FARM CULTURE
RESULTS

The use of on-farm milk culture for the selective treatment of clinicalitisanay
represent a tremendous opportunity to reduce antimicrobial use on commercial dairy
farms without sacrificing the efficacy of treatment or the long-term heattlpeoduction
potential of the cow. Benefits could include reduced economic cost of therdpgyede
risk of antimicrobial residues in milk, and a reduction in the potential risk for
development of antimicrobial resistance in mastitis pathogens. The problem is that
studies have been lacking to describe efficacy and cost benefit of using arufanma

for the selective treatment of clinical mastitis.
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The objective of this study was to investigate the efficacy of using ans@$tém to
guide strategic treatment decisions in cows with mild and moderate cimasétis.
Outcomes evaluated included: a) risk to receive primary IMM antibioticgidracause
of study assignment, b) risk to receive secondary (or extended) IMM antibietapy,

c) days to return to visibly normal milk (days to clinical cure), d) days of mitkhweld
from market (days out of the tank), e) risk for bacteriological cure within 21adays
enrollment, f) new intramammary infection risk within 21 days of enrollmergregence
of infection, clinical mastitis recurrence, or risk of removal from hEE&) within 21
days of enrollment; and over the remainder of the lactation (up to 365 days post-
enrollment): h) risk and days to a recurrence of a clinical mastéist én the same
guarter, b) somatic cell count, i) milk production, and j) cow survival post-enroliment

(culling and death events).

Four hundred and twenty two cows affected with mild or moderate clinical mastitis i
449 quarters were randomly assigned to either a) a positive-control tnéanogram or
b) an on-farm culture-based treatment program. Quarter cases dgsigjme positive-
control group received immediate on-label IMM treatment with CephapiriruBodi
Quarters assigned to the culture-based treatment program wereabed wntil the
results of on-farm culture were determined after 24 hr of incubation. Quartaes
culture-based treatment program that showed Gram-positive growth or afeacixan
were treated according to label instructions using IMM Cephapirin Sodiuartéps
assigned to the culture-based treatment program that showed Gramenegat growth

did not receive IMM therapy.
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Chapter Il reports on short-term outcomes of this study. The proportion of qilaaters
received IMM antibiotic therapy because of study assignment was 10D%&&in
guarter cases assigned to the positive-control and culture-based tregtroest
respectively. The proportion of quarters that received secondary (or extendeidjianti
therapy was 36% and 19%, for cases assigned to the positive-control and to the culture-
based treatment groups, respectively. There was a tendency for a reductionoint adys
the tank for the milk from cows assigned to the culture-based treatment preycamws
assigned to the positive-control group (5.9 vs. 5.2 days). There were no significant
differences between cases assigned to the positive-control and cagesdassihe
culture-based treatment program in days to clinical curev3.2 days), bacteriological
cure risk within 21 days of enroliment (¥4 60%), new intramammary infection risk
within 21 days of enroliment (56. 50%) and presence of infection, clinical mastitis
recurrence, or risk of removal from the herd (ICR risk)\&& 1%) within 21 days after

the clinical mastitis case.

Chapter Ill reports on long-term outcomes of this study. There were ndcaghif
differences between cases assigned to the positive-control and cagesdassihe
culture-based treatment program in the risk and days for recurrenceicdlatnastitis in
the same quarter (35% and 78 dey13% and 82 days), linear somatic cell count (4.2
vs. 4.4), daily milk production (30.@s. 30.7 kg), and the risk and days for culling or
death events (28% and 160 dags32% and 137 days) for the rest of the lactation after

enrollment of the clinical mastitis case.
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The use of an OFC system to guide the strategic treatment of clinidélswaduced
IMM antibiotic use by half and tended to reduce milk withholding time by one day.
Discarded milk following clinical mastitis is one of the major economic toesthe
clinical disease; any reduction in the time that milk is withheld from thikehhas an
important impact on the disease economic consequences. These revenues and the
additional expenses resulting from implementing the OFC program will beaised t
evaluate the overall cost-benefit of using an OFC system to guidgstitasatment
decisions in cows with mild and moderate clinical mastitis. In order to add a risk
dimension to the deterministic analysis and have an understanding of the important
factors that make the culture-based program profitable, a sensitivity eadcelzen
analysis will be completed. In addition, a stochastic analysis will be cattteccaccount
for the uncertainty associated with the probability distribution on inputs. This will
evaluate the probability distribution of the two programs’ performance and &vhma

the output (i.e. program response) varies depending on the variation of inputs.

The public health impact of reducing antibiotic use for the treatment of ¢lmastitis,

due to risk avoidance of antibiotic residue violations, could by far outweigh the on-farm
cost savings derived from a reduction in antibiotic use. Resistance to acgibioti
associated with the use of antibiotics in food animals is currently an isptiaapal
concern. If half of all antimicrobial drugs used in dairy farms are destido clinical
mastitis treatment, the selective treatment of clinical mabaied in OFC results has the

potential to reduce total antibiotic use on dairy farms by 25%.
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One potential limitation of this study is that the label of IMM antibiotic mistered in
this study, Cefa-Lak (Fort Dodge Animal Health, Fort Dodge, 1A) does not include
efficacy claims against Gram-negative bacteria. Two IMM antibiogpamations,
Hetacin-K® (Fort Dodge Animal Health, Fort Dodge, 1A) and Spectrafh@fizer
Animal Health, New York, NY), are currently approved in the USA with a labél tha
claims efficacy against clinical mastitis in lactating damtle associated with
Escherichia coli. However, published peer reviewed studies are lacking that reporting the
efficacy of these two antimicrobial formulations to treat clinical riastases where
Escherichia coli or other Gram-negative pathogens are isolated. There is a need for
controlled field trials evaluating their efficacy in treating clinicsdstitis. Furthermore,
clinical mastitis selective treatment programs based in OFC cudismés using these
IMM antibiotic preparations should be evaluated. Until this scientific knowledge
becomes available, the validity of the present study results when usingtagibther

than Cephapirin Sodium is not known.

In addition to the aforementioned objectives, there exists an opportunity to use data
collected in this project to describe cow and quarter predictors of a climésditis cure
using the different outcomes measured. Examples of those predictors that could be
incorporated into a history-based approach to clinical mastitis therayaesiaking
include cow parity, days in milk (DIM) at clinical mastitis eventvpvas occurrence of
a clinical mastitis case in the same quarter in the present lactatenitys of the case,

number of quarters affected, and current case etiology of infection as ahete fowi
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OFC. Decision making dynamic programming that consider these predictidsbe
used to determine the optimal case management decision for a cow with clestidilsm
(treat her, do not treat her, keep her or cull her) depending on her net present value and

the probability distribution of the different outcomes evaluated.

On-farm culture may also have other potential applications to guide traatewsions
than selective treatment. There may be an opportunity to use OFC to decide the
antibiotics to use and duration of therapy. Studies evaluating extended IMM amtibioti
therapies found they may result in better bacteriological cure risk whéingreknical

and subclinical infections caused by non-agalactiae streptococSiagg ococcus

aureus (Gillespieet al., 2002, Oliveret al., 2002; Oliveret al., 2003) The use of a
longer duration treatment of induc8aleptococcus uberis infections has been shown to
result in bacteriological cure rates that exceed 90% (Hillerton anthK#602).
Coagulase positive staphylococci colonies, of wiskeiphyl ococcus aureusis the most
common mastitis pathogen, can be identified in the Factor agar half of theBOHE
because of a clear halo [@hemolisis. In order to identify streptococci on-farm, the Tri-
plate system, which is a plate that also includes a section of MTKT agdr ishi

selective for streptococci, can be used.

Another potential application for OFC systems is the identification for tesdtof other
subclinically infected quarters when clinical mastitis is detected irmonere quarters.
Simultaneous treatment of both clinically and subclinically infected quaxbetd result

in a reduction in the prevalence of IMIs and would not result in increased midcabsic
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in comparison to the treatment of the clinically affected quarter alone. IMiM
antibiotic therapy milk is withheld from the market from all quarters and ttrelvawal

period is independent of the number of quarters treated. This hypothesis reqdiyes st

Another novel application of OFC could be to monitor the bacteriological cure outcome
of clinical mastitis cases treated on-farm. Although this application does sotepaur
primary clinical mastitis treatment decision per se, OFC may be usejulde the

duration of antibiotic therapy or switching antibiotics depending if bactesa wa
eliminated or not, or if there was a significant reduction in the number of colonynéprm
units. The efficacy and cost-benefit for this potential application of OFC reduitber

research.

CLINICAL TRIAL II: EFFICACY OF THE USE OF THE CMT A LONE, OR CMT
AND AN OFC SYSTEM IN SERIES, TO DIAGNOSE AND GUIDE TREATMENT

DECISIONS IN COWS WITH SUBCLINICAL MASTITIS AFTER P ARTURITION

The use of the CMT and on farm culture for diagnosis and treatment of subclinical
infections in cows after parturition before milk is saleable, has the potentlahinish

the disease health and production impact throughout the future lactation. Benefits could
include a reduction in clinical mastitis flare-ups, lower somatic cell coethtction in

milk losses associated with subclinical mastitis, improve reproductive perfice and
decrease risk of premature culling. However, many of these potentiaitberreid

further study to confirm and quantify the nature of these proposed benefits.
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The objective of this study was to investigate the efficacy of using the GW&,ar

CMT and an OFC system in series, to diagnose and guide treatment decisions in cows
with subclinical mastitis after parturition. Outcomes evaluated inclumegliarter and

cow risk to receive IMM antibiotic therapy because of study assignmenty®pteilk
withheld from market (days out of the tank), c) bacteriological cure within 21 flays o
enrollment, d) new intramammary infection risk within 21 days of enrollment, and e)
presence of infection, risk of clinical mastitis, or risk of removal from h&@R)Wwithin

21 days of enrollment, f) risk of clinical mastitis, g) somatic cell counilk)

production, i) risk of conception, and j) risk to removal from herd during lactation.

A total of 1,885 cows from 14 herds were screened for enrollment into the study at 1-4
days after parturition. Of those, 1,168 cows which had a negative CMT resulfaur al
guarters were not assigned to any treatment group. A total of 717 cows lgdktaine
CMT-positive quarter were randomly assigned to either a) a negativelognaup (NC),

b) a CMT-based treatment group (CMTB), or c) to a culture-based treatroaptgjven

a CMT-positive result (CB|CMT-pos). Quarters from cows assigned to éN@odli

receive IMM antibiotic treatment. CMT-positive quarters from cowsgyassi to CMTB
received immediate on-label IMM treatment with Cephapirin Sodium. Qedrten

cows assigned to CB|CMT-positive were not treated until the results of ontHurec
were determined after 24 hr of incubation. Quarters from cows assigned thITB|C

positive showed Gram-positive growth were treated according to label irgtsugsing
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IMM Cephapirin Sodium. Quarters assigned to CB|CMT-positive showed no growth,

Gram-negative or a mixed infection did not receive IMM therapy.

Chapter IV reports on short-term outcomes of this study. The use of the CMT toyidentif
cows and quarters for the strategic treatment with IMM Cephapirin Sodiunbdfrscal

IMI after parturition required the administration of IMM treatment to 49%hefquarters

from cows with at least a CMT-positive quarter (38% of cows after paotjrand

extended the time that milk is withhold from the market from 1.7 to 6.3 days. The
selection for treatment of only CMT-positive quarters where Gram-positoterimwas
isolated using OFC required less antibiotic use (15% of the quarters and 40% ofghe cow
with at least a CMT-positive quarter) and days out of the tank (4.4 days). The odds for a
bacteriological cure within 21 days of enroliment were significantlizdridor quarters of
cows assigned to CMTB and tended to be higher for quarters of cows assigned to
CB|CMT-positive. The proportion of quarters with bacteriological cure58as0 and

42% for quarters of cows assigned to CMTB, CB|CMT-pos and to NC, respectively.
Using NC as the reference, there was no significant difference iiskhier new IMI for
guarters from cows assigned to CMTB. The proportion of quarters with a new IMI was
44, 46 and 45% for quarters of cows assigned to CMTB, CB|CMT-pos and to NC,
respectively. There was no significant difference in the ICR riskr@vi@gR risk

represented the presence of infection risk, clinical mastitis riskpava from herd risk
within 21 days after enroliment) for quarters from cows assigned to CMTBand t
CB|CMT-pos. The ICR risk was 53, 58 and 59% for quarters of cows assigned to CMTB,

CB|CMT-pos and to NC, respectively.
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Additionally, long-term outcomes of the intervention were evaluated in Chaptec®’ s
they represent the overall economic impact of the intervention. In this study, both
treatment programs were effective on direct udder health outcomes, cliast#isrand
LSCC. The risk and average days after enrollment to a clinical mastitisievtbe same
guarter was 10% and 124 days, 8% and 114 days and 12% and 124 days for quarters
assigned to CMTB, CB|CMT-pos and to NC, respectively. Similarly, the LSCC was
numerically lower for cows assigned to CMTB than for cows assigned t&ib\Mever,
LSCC, although numerically lower, was not significantly lower for cows asditp
CB|CMT-positive. The average LSCC was 2.9, 3.1 and 3.3 for cows assigned to CMTB,
CB|CMT-pos and to NC, respectively. Using NC as the reference, themeova

significant difference in milk production for cows assigned to CMTB and to CB{CMT
positive. The average lactation milk production was 35.1, 34.5 and 35.6 kg per day for
cows assigned to CMTB, CB|CMT-pos and to NC, respectively. There wasiifecaig
difference in the pregnancy hazard risk ratio for cows assigned to CM{DBBGB|CMT-
positive]. The risk and average days after enrollment to conception was 76% and 126
days, 75% and 119 days and 73% and 119 days for cows assigned to CMTB, CB|CMT-
pos and to NC, respectively. There was no significant difference in the hataratio

for removal from the herd for cows assigned to CMTB or to CB|CMT-positive.iSke r
and average days after parturition to removal from herd was 27% and 124 days, 24% and
144 days and 31% and 121 days for cows assigned to CMTB, CB|CMT-pos and to NC,

respectively.
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Increased incomes from the implementation of both programs, fewer clinisafisna

cases and lower LSCC, in addition to the additional expenses resulting from
implementing both programs, extra labor cost, CMT and OFC implementation costs,
antibiotic expenses and more days of milk withheld from the market will be used to
evaluate the overall economic impact of using the CMT and an OFC system to guide
strategic treatment decisions in cows after parturition. Determgimistl stochastic

models will be used for a cost-benefit and risk (helpful for decision making)sandh
addition to the economic implications, the intervention has direct repercussions @& anim
welfare by improving udder health and reducing animal suffering due to ilessicl

mastitis during lactation.

Future analysis from data collected in this clinical trial will add to bieady existing
literature validating the use of the CMT as a cow-side screening tookttt datterial
infections in quarter milk samples in the first three days after psturln addition, it
will be validated the use of the CMT as a cow-side screening tool followed-fgrm
culture in CMT-positive quarters to a) detect bacterial infections in quaitesamples
in the first three days after parturition, and to b) diagnose Gram-positiveidlacte

infections in quarter milk samples in the first three days after p@wturi

Multi-herd studies reporting prevalence and dynamics of infection in the immedia
postparturient period are scarce. Therefore, there is the opportunity to uablekita
to describe quarter IMI status at parturition, as well as infection dgeamearly

lactation. There is also the need to define the association between uddemrgatts
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defined by milk bacteriological culture and etiology of infection in the immediat
postparturient period and milk production, SCC, incidence of clinical mastitis
reproductive performance, and culling for the rest of the lactation for bothshaife
mature cows. Quantifying the association between bacteriologicabcthre
development of an IMI in early lactation with milk production, milk quality, ad agl
udder health, reproductive, and cow survival parameters, will serve to provide an
estimation of the economic impact of an intervention aimed at reducing théepivaf

IMI at parturition.

In addition to the immediate postpartum period, there may be other potential
opportunities to use OFC alone, or in conjunction with a screening tool (such as CMT or
DHIA SCC), to diagnose and guide strategic treatment of subclinical khdmples may
include the identification and treatment of subclinical IMI during lamtabr selective

dry cow therapy at time of dry off. However, the efficacy and cost-lesfdfiese

interventions requires further research.

As for clinical mastitis, there is the opportunity to evaluate the use theatei-FC
system to extend the IMM antibiotic therapy when treating subclinicaltiofes caused
by non-agalactiae streptococci &dphylococcus aureus since it has been proven that
higher bacteriological cures are achieved with longer duration therapiesr @al.,

2002; Oliveret al., 2003).
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A secondary objective of both studies, reported in Chapter VI, was to validate the use of
the Minnesota Easy Culture Bi-Plate System for two different applicatitagnose on

farm IMls in quarter milk samples from clinical mastitis cases; @agnose on farm
subclinical IMI in CMT-positive quarter milk samples collected aftetysdron.

Agreement beyond chance with laboratory culture results, test chasthicteaind

predictive values were described using three diagnostic interpretatidrestofflate

culture results: a) identification of Gram-positive or Gram-negativeebatgrowth ys.

no growth), b) identification of Gram-positive bacterial growth o growth and Gram-
negative growth), and, c) identification of Gram-negative bacterial gr@stno growth

and Gram-positive growth). A total of 193 quarter milk samples from clinicaitieas

cases from the 8 herds and 430 CMT-positive quarter postparturient milk samples from
the 14 herds were cultured both on farm using the on-farm culture system and at the

laboratory using standard bacteriological culture procedures.

The agreement beyond chance, Kappa, between both culture methodologies to correctly
classify samples as no-growth, Gram-positive, Gram-negative and miiantewas
moderate, 51% in clinical mastitis and 44% in CMT-positive samples. Kappa for the
three diagnostic classifications was 44, 61 and 57%, respectively, in cling#isna
samples; and 45, 44 and 45%, respectively, in CMT-positive postparturient samples. The
sensitivity of the bi-plate on-farm culture system for the three diagndassifications

was 87, 78 and 73%, respectively, in clinical mastitis samples; and 64, 58 and 64%,
respectively, in CMT-positive postparturient samples. The specificityedbitplate on-

farm culture system for the three diagnostic classifications was 55, 83 and 87%
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respectively, in clinical mastitis samples; and 81, 85 and 97%, respectiveMTin C
positive postparturient samples. The predictive value of a positive result fordbe t
diagnostic classifications was 79, 74 and 66%, respectively, in clinical mastitiples;
and 75, 74 and 37%, respectively, in CMT-positive postparturient samples. The
predictive value of a negative result for the three diagnostic classifisatas 69, 86 and
90%, respectively, in clinical mastitis samples; and 72, 74 and 99%, respectively, in

CMT-positive postparturient samples.

We concluded that the Minnesota Easy Culture Bi-Plate System is a usefsideoigst

to correctly identify bacterial growth, Gram-positive bacterial ghpwr Gram-negative
bacterial growth in quarter secretion samples from clinical masagisscand in CMT-
positive quarter milk samples collected after parturition. Treatmentialesisased on
identification of bacterial growth, or GP bacterial growth specifycalere correct over
73% of the time. Whether or not this level of accuracy is sufficient will be detedniiy
considering the short- and long-term outcomes for the cow, the impact on antiteotic us

and overall cost-benefit of the two programs evaluated.
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