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Introduction

Aamong the hacteria that cause bovine mastitis, Stophyvlococous auraus (5
awreirs) plays an important role. Many infections of the mammary gland are
due 1o this pathopen and the tole of 5 aurees inomastits is worldwide and
across many management systems. The contral of S @ursls intramammary
infections is apparently nob easy and many componants of mastitis control
pengrams Are ecessary to fully control 5. sureus on dairy farms (Barkema
at al, 2006, Such control prodrams incheds management proesdures Sich
as optimal milking routine, post milking teat disinfection, a well functioning
milking rachine, segregation of known infected animals, culling of long-term
affected animals, treatment of infected quarters and tha use of diy cow
theragy. Mose recently, the use of vaccines has become an additional tool in
the control of 5 auews Intrmmammary Infoctions. This s espedially valuabls
as-antiblotic treatment of intramammary infections has come under soruting
Gell surface polysaccharides have bean proposed ns vacoing candidates, One
of these carbohydrate antigens, polyMacetylglucosamineg (PNAG), s a surface
palymer produced by a vadely of bactefal species, inchiding 5, gureus and 5,
epickrmidis, PMAG 15 an adhesin that facilitates bacterial cel-tc-call contact
In hicfilms, It was recently shown that bactarins from strong biofilm-producing
5, aureus bacteria tiggered the highost production of antibodies 1o PRAG and
cenfermsd the highest protestion against infection and mastitis following inra-
manimary challenge with biofibm-producing 5. awels bacteria, Thus, baclerinsg
from strong Biofilm backers wen used 1o develon 8 vaccing against 5 aurens

ruminant mastiths,

Even thought challange trizls have shown s corkain degrese of pratection of
Bacterins agains the 5. sureus challerg, the ultimate value of the vacsing will
naed W be shown under commescial farm conditions. Estimation of vacolng

edfieacy under field conditions 15 therefore assential. Howeoer, estmation of
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vagoing efficecy 5 complax and U 18 important to fully wnderstand tha

potential components of vaccine afficacy that may be affectad by s vacaina
under censideration, In figers 1, foud companents of the infectious process
that may be affected by a vaccing are shown In & simplified schematic.
The first component s the impact.of vaccinations on the rate of new
infections. This represents the classic yvaosing effect, wherehy the vacoins
redices the susceptibility of not infected individuals such that no or fewer
Infectlons take place. The second component is the impact of yvaccination
on the infectiousness of an infected indvadual, The vacoing reduces the
amount of shedding of infected but vaccinated Individuals compared to nen-
wvaccinatod infoctioes individuals. As 5. gurous is a mammary pathogen that
may e ransmittad from covetocow, 8 reduction in the tnfectiousness of o
vaccinated Individeal wodld be vatuable, This reducthon in Infectiousness was
also nbsarved In the reported challenge tials (Péree ot al, 2009}, The third
componant is the impact of vacoination on the cure of infection. Vaccinations
miy resull Ina shoeter duration of infaction, The duration is essentially the
Inverse of cure, so0-a highar curg will resuit in a shorter duration. The fourth
ol final componem of wecine impact §s e redection in progression of
Infectlan from subclinical to clinlcal mastitis. As clinizal mastitis results in
mills discard, treatment and animal sickness, a reduction in pogression of

infectian would he al value W the dairy indusicy,

To evaluate vaccine afficacy of a 5. aurews vaccine under field conditions,
all four components of vaccine officacy. should De cvaluated and preterably
gquantified separately. The design and analysis of vaccing evaluation studies
has bean the 1opic of many meoent sludies, end progress in this feld of
soience. allows the exeoution of Teld trials that are able 1o peovide Insight in
most if not-all component of vaccing efficacy.

In this paper, the design of-a field trial for the catirmation of vaccime efficacy
of a new 5 areurs vaccing will be discussed and the first proliminary results

will b presentad.

Figure: 1. Sclwsmatic repeesemtation of the infealious processes shene vaccination meny gay
o raba, Four procesaes ane reprasented: . suscoptilty to new mfections, infectiousnass,
cure of indedtion and pragressien 1o clinieal disoane,

Wew infactions
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Study design

The study to estimate vaccing efficecy was o randomized negative control
fielcd trial, wherely animals in two herds were randamly assigned to either
vascination or no-treatment controds, The two dalry herds were selected based
an herd size (approimately S00- lactating cows in total), Known prevalence
of 5, aurews, ability to keep tecords, participation in dairy herd improvemeant
monthly test day measuements - and the willingness and interest of the
oaners to participate In the study. One of the berds was overseen by staff of
Universita degli Stedi di Milano, the ather hard was overseen by tha berd's
perivate practitiones (FT}.

Vacoination of cows was dong according to label, with ‘a total of three
hoses of the vaccine, with the fiest Infecthon at 45 days before the expocted
parturitlon date; the second injection 35 days thercalter (corresponding to
10 days before the expected pacurition date); and tha third injection 62
dis piter the second Ingection [equivalent to B2 days poslparturilion), The
full immumnlzation program was repeatied with each gestation, Both pregnant
heifars and cows in lactation 1 and higher were Included in the tral.

Vaccination took place according to the design shown in Figure 2. For tha
first-G menths, ail Beifers and eows in late gestation wers vacoinsted. After &
wnnths, o until apgrozimately 50% of animals in the herd bsad been enrolled
in the vaccination program, vacoination was done on only 50% of animals.

Figure 2. Design of a within hen sandomised comredad tial to ostimata the ufficacy
ol a S aurcds waccine,
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By vaccinating all animats for the first 6 ‘months; the objective of 508
vaccination was reached as fast as possible. Afer the inital 1O
vaccination period, true randomization happened thereafter. This design
allows 05 Lo evatuate vaccine efficacy starting 6 months Into the study, The
herds will be followed for an additional 12 months after the first period of
1005 vaccination of cows in late gestation. Tha vactine containg inactivated
Escharichia coli (15); insctivated Staphylococous aureus (CPS) 5P 140 strain
expressing Slime Assoclated Antigenic Complex (S8AC) and adjuvant. The
vaccine |s administared intramuscularly, The vacclne. has & label claim for
relucing i incidence of sub-clinical mastitis and the Incidance and the
severity of the dlinical signs of clinical mastitls causad by colifanm, S auwrers
and -cosgulase negative staphylocooci, In this report we will focus on the
eflicacy of the vaccine against S, auwrews only.

Samplirg afall quarters of all lactating cows Wakes place an a monthly interval,
Alzo, cows that have calved, dried-olT, have a case of dinlcal mastitis or cows
thiat are being remdved from the herd are samples by hard personnel. On all
samples a somatio oell count will be measurad, Al samples are cultured &t
the mastitls lahoratory of Univeraitd degll-Studi di Milano. Al 5 aerews and
ChS Isolates are frozen for ferther analyses. For all bacterial spegies, and
approximate colong count will e performed. At the completlon of the study,
I l= avpactad that apnmsimatedy 40 000 =amplas will have baan collectad,

The ultimate outcome of the shudy will be an estimate of vactine efficacy,
Wacoing efficacy for susceptibliity is calculated as: VE, =1 - Relativa risk of
Infection in vaccinated varsus controls, Similarly, the vacoing eilicacy tor cura
is: WE, = 1 - Relative risk of the duration of infected in vaccinated versus
contral, The vaccine efficacy for infectiousness and progression to clinical

can be caloulated.

By using a within herd rendomized controfled design, vaccinated and
controls cows will be comparable with regard to ail housing, ervironment and
managemert varigbles with the exception of their vaceination status, This
allows for a walid comparison of vaceinated and confrols, The disadvantage
of such a design is the bias towards no-effect that is inherent in such a
design. Because non vaccinated control cows are partly protected oy Their
vaccinated kord mates, they will show a lower Incidence of infectlon. At the
same tme, the vaccinates are exposed 1o more infectious material due to the
fact that they are sumounded by nonvaccinated herd mates, Hencs, contnol
are less expased o likely legs Infected, while vaccinates are maore expased
and likely more infected compared to 8 situation that the whole hend was
elther not vaccinated or fully vaccinated. As a resull the dillerenco Delwoen
vaccinated and contreds is likely smaller compared to a companson of fully
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vacecinated and fully nenvaccinated herds. The difference in infection rsk in
a within herd randomized vaceination trial is called the difect vaccing effect.
The differance in infection risk in nonvaceinated animals betwaen a Tully nen-
vaccinated herml and & randomizel vaccinated and contral herd is called the
Indirect vaccine effect. The surm of these two effects is called the total vaccine
effect. A pictorial summary of these vaccing eflecl estimates s shown In
figure 3. The comparison of a fully vaccinated ard a fully nonwvaccinated herd
will @llow the calcukation of the cverall population vaccine effect. Tha latter
eatimate is the most relevant vaccine effect whon waccinations are applied
ter populations of animals rather than 1o indsddual ankmals, Depending on
the vaccing and the vaccing usage on a farm, the direct vacoine effect of the
overall populstion vaccine effect will be the mostwalid estimate fora specific
VERLGENG

The precisa finld study as dewelopad for the Startvac™ vaccine will eventually
illow the eabulation of all Towr vaceing efficacy estimates (susceptibility, cure,
infectiousness and progression). To allew for a comection of the direct vaccine
effect for the bias towards no effect, & mathematical modeling appeoach will
be used to obtain an unbiased estimate of vaceine efficacy. To be able to
piitain an unbissed estimate, the riskof new Infections in the vacrinated and
rn-vacoineted control population will be modeled as;

Mew Infections, = fi - #negativey . #positve, |

Mew infoctions._ = i . #nepative_, #positve,

Figune &, Study designg lof vactng oflicay ostimaticn and tho mievent voocine efécts
fior pach shuchy cesign,
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The number of new Infections is modeled as a function of & transmission
parameter, multipled by the number of culture negative guarters and the
number of positive 5 swews shedding quarters. In those equations, vis for
vaccinates ard & is for nonvaccinated controls. The unbiased vaccing erflcacy
[VE) for susceptibility can then be calculated as:

VE=1

Preliminary results

The mandomized controlled field trial 18 appodmately beffeay it full
length, Cows have been vaccinated for aboul one year and in both herds
the vaccinalion schedule has now changed toa S0%/ 5% alocaton of
vaccinated and cortrols, In both hards, data s of high quality with wery fow
missing values. Prevalence of 5, aureus inthe hard is approximataly 10%,
while the prevalence of coagulase negative stapiwlococel s approsimataly
5%, These miatve high prevalences indicate that sufficient challenga is
presant in both herds.

The initlal results during the first months of the valld comparison of vaccinates
and controls after the start of the random zed S0%, 50% vaccination schedule
shows 8 lower incidence of new 5. aureus Infections in vaccinated anlimals
varsya control animals.. Thiase nitlel data show a vaccine  efficacy for
susceptibility of approximately 50 or 50%. Mo difference between vacoinaled
and contrals 15 obsersed Inaverage colony Torming units in S, aureas infected
cows, Howevar, the average duration of nfectlon of 8 5. aurcus infoction s
shorter in the vaccinated animals compared to the nonwacainated condrol
animals. The difference in duration of infectious pedod is shewn in Figure 4,
A firat estimate of vaccine efficacy of cure was calculated as 73 or slightly
over TO%. Thass initial estimates of vaccine efficacy for 5 avrows ane based
on-relative small numbers and need b Turther confiimed during the remalning
manths of the stedy,
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