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ABSTRACT

ACCOUNTING FOR PRODUCTIVE TIME LOST IN DAIRY CATTLE: DISEASE

ADJUSTED LACTATION

Dairy cow mortality morbidity, and poor welfareave beermf increased concewver
the past several decades. Traditionally, dairy farm management has focusedlan sosgs
associated with pathologies without thoroughly quantifying lossdgo disease and consequent
death or culling. Within human epiderfugy, the economic burden of time lost due tdhahalth
or early death is measured through the World Health Organization’slifysathjusted life years
(DALY).

This project utilized the DALY concept to estimate time lost during atiactdue to
disease and subsequent early removValairy cows. This was accomplished through the
development of the disease adjusted lactation (DALact) mé&treDALact is calculated by
combining days lost due to illness or injury (DLI) and days lost deatly deattor removal
(DLRD). The DLI reflects the number of cases during a certain period, nmadtipy a disability
weight and specific disease duration. The DLRD is comprised of two contpodays lost due
to deathand days lost due twlling from a given disease. Disability weights for 13 common
dairy cow diseases were derived fromirgiernational expert opinion survey of dairy producers,
managers and veterinarians. The selected disease states included: calving teatimea, d
ketosis, lameness, left displaced abomasum, mastitis, metritisfevélk musculoskeletal
injury, pneumonia, right displaced abomasum, and retained placentay articipants were
asked to estimate the impact of each disease on overall health and milkiprodRiseases

were chssified from 0 (no adverse effects) to 10 (terminal). Validity and scope of participants’



responses were assessed usingdified betaPert distribution and median panivereusedto

provide disability weights fothe DALact calculation.

To support development of the DALact, collection of disease and removatatata f
three Kansas dairy farms representing 9,000 Holstein cows began January 1, 2014 and ended on
May 26, 2015. A total of 7,233 cows were enrolled in the study across the éimies.dALact
measures were calculated using disease, culling and death data for eaclstit=easiée
combining the disability weights, duration, and average days in niilknatof removal. Mastitis
accounted for the largest category on all thregedarepresenting 29,779, 23,917, and 36,183
days lost for Dairies 1, 2, and 3, respectively. Conversely, prevalenastfisnwas largest on
only Dairy 1 (33%). Lameness whH®e second largest DALact category for Dairies 2 (9,934) and
3 (29,912) but not for Dairy 1 (pneumonia, 13,571). Prevalence for lameness was largest (35%)
for Dairies 2 and 3. The DALact method confirmed that mastitis anchiesseare areas of focus,

butalso highlightedhatpneumonias a primary conceran Dairy 1.

The DALactaims to provide an assessment of the complete impact of mortality and
morbidity on time lost in dairy cattle. The end result will be to validaestfectiveness of dairy
health oversight and to determine where to focus management to reduce the ndmber an

economic impact of preventabiemovals andliseasesvhile increasing@nimal welfare.
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CHAPTER 1: INTRODUCTION

1.1 Background

Historically, agriculture has been an evolving practice. In particulay tlamsare
changing in the United States on multiple levels. Farms are growirgginpsirticularly in the
Westen States. They are shiftifigppm smaller (200 cows or fewer) farnwslarge (2,000 or
more cows) farms (MacDonald, O'Donoghue et al. 200f@ factors leading to this change
herd size are driven by supply and demand of milk prodisctgell asmproved technological
efficiencies to manage constrained labor, land and irfpasDonald, O'Donoghue et al. 2007

Parker Gaddis, Cole et al. 2016).

Dairy farm management practices vagross the United Staté&hile older recording
practices involved paper records, a shift towards more advanced record keeping has formed with
larger dairiesDevelopment oboftware that assists in tracking each cow in the herd has
supported dairy farms in making better decisions regarding economitiseaswimal’s wekl
being. The use of on farm software has allowed for a more thorough approach to analyzing
trends in morbidity{diseaseand mortality(death) on dairies. These new software programs have
allowed dairy producers to focus on herd health and mitigating or preventing disease before it
occurs. This allows producers to more effectively allocate their limited tinle enhancing the

overall efficiency and profitability of the operation.

The inclination towardhcreasingly detailed animal heal#cords has been a topic of
conversatiomwithin the dairyindustry and academic researchfersnumerous year€omplete
dairy cow mortality and morbidityecords havéistorically been lackingMcConnel 2010).

There is a need for novel approaches to better capture the impact of diseaseheonl dksaes.



Just as we recognize that dairy records related to mortality can be impgntoweghta simulation
of human death certificatésicConnel 2010); w can look toward human medical epidemiology
to improve assessments of the impact of dairy health problems and guideusieyi to make

welfare, health, and economic improvements on farms.

Human medical epidemiologists have developed multiple sumnanexpulation health
to assess the burdendifeaseand mortalityacross the world (WHO 2002lealth experts have
applied epidemiological studi¢s human health records to better understand where to focus
health interventions across the globe. From a societal view, thesesstnelihealtisentric as the
goal is to live a long, disea$eee life. From an economic perspective, @im of these studies is
to aid in implemerdtion ofcosteffectivedisease interventions, assess current policies in place,
and provide framework for future discussion (Murray, Lopez et al. 1984)apture these
statistics, public health officials often use mortality data but rarelynorbidity daa

incorporated (Murray and Acharya 1997).

Estimates of humamortality and morbidityypically havenot beerusedtogether as a
health or economic assessment as morbidity registration tends to belieisoan absent,
especially in developing countries. In contrast, information fortatityr is often complete and
widely available in registration databag8southard, Essink-Bot et al. 1997). According to
Murray, ppulation health measures have historically been comprised only of tyarteh
(Murray 1994) Stouthard also argues mortality figures are advantageous due to their
completeness and registration system and acknowledges the difficubigsiyahg morbidity
(Stouthard 1997). Morbidity is harder to quantify as records can be incomplete, unreliable, and
hard to connedb disease patterng. population’s health assessment should be comprised of

both aspects to encompass the complementary nature of death and disease in humans
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Mortality estimatesire the main focus for publiealth measures and intervention. These
figures are often the most reliable in completeness and interpretation aas @anse of death
must be listed and autopsies pegformed if an apparent cause is unkn@Stouthad, Essink-

Bot et al. 1997)Mortality-based measures are final and easy to analyaephsthora of

variables such adisease, ageor sex Historical numbers and rates are easy to use to evaluate
burden of tsease and impact of diseag€backer, Stroup et al. 20p6According to Theker et

al., the leading caus# death in the United Statessdue tochronic diseases suels

cardiovascular disease, diabetes, cancer and chronic lung dideatsdity figures are also

easily examined in ag&pecific categoriethat might aid in impactingublic health policies.
Leading causes of infant deaths include congenital abnormeasitiert gestation, and sudden
infant death syndrome (SIDS) whereas young adult deaths are dominatéehitipmal and
unintentional injuriegThacker, Stroup et al. 2006). When basing public health efforts solely on
mortality figures, policies should focus on maternal and early develapimerventions as well

as education and safety for young adults.

While morbidity is moe difficult to determine final numberg should still be considered
in order to provide insight into disease burden leading up to death. Morbidity is often assessed by
rates of hospitalization for given diseases and basic records can be setsgxeto attain
(Thacker, Stroup et al. 20p@However, the biasedature of records leading tadaect cause that
can be categorized coupled with the increase in outpatient treatment faror@nithat
prevously required hospitalization lead to misclassification and nugiméd decisios about the
burden of disease3ljacker, Stroup et al. 20DpG-igures based on hospital records from the
United States indicate the leading causes for hospitalization are heart disgd®irth,

psychoses, pneumonia, cancer, and fractures (Thacker, Stroup et al2386)ining the



factors contrilntingto these health issuesas important component to public health policy.
Deaths associated with these diseases are also not accountdubfpitalization entry records
and remain a vital component to assessing complete burden of diseéseuamd) pblic health

efforts.

Concentratinggfforts on diseases that redwemnomic productivitpr cause early death
should be of equal weight withartality when discussing interventions (Murray and Acharya
1997).Economic consequences that are associated with less than optimal health states are an
integral par of public health summaries. Pdwmalth can affec population on a micro-
economic level (households and firms) as well as a macroeconomic level (a’'sarurnignt
and future gross domestic product) (WHO 20@hce the mid960s, a cost-afiness
frameworkhas been the methodology to estimate the economic impact of dié&&#©2009).
These studies focusexh the economic burden (i.e. direct and indirect costs) of a disease and
aimedto estimate the maximum amount that could be saved or gaineputyia health
intervention or disease eradicatiprogram (Segel 2006)he knowledge gained from these
studies coupled with ortality and morbidity studies can provide valuable guidance to policy
makers for resource allocation. A 1997 report fittven Medical Expenditure Panel Survey
(MEPS), which providerational health care spending statistmsthe noninstitutionalized U.S.
population, foundhat onethird of direct medical costs in treatmewvgrefor heart disease,
cancer, and traum@hacler, Stroup et al. 2006Chronic diseases accounted for the remaining
two-thirds (Thacker, Stroup et al. 2000)EPS’ reprt highlightedthe need for healtfuidance
in those areas but ditbt account for the indirect costs related to economic productivity (e.g

time off work psychological stress). Direct medical costs are relatively easy to estirdate an



available and when combined with mortality and morbidity data can provideablal

economic burden of disease summary.

By 1992, the WHQletermined there was a need for a Global Burden of Dig¢&de)
study to assesnortality and morbidity for furthecost effectiveness measuremeifsgiss
Ustiin, Mathers et al. 2003). The GBD study provide@conomic measurement for nations to
aim heaalth efforts at whatactors werecosting and causing the most disability and premature
death The first GBD studywas initiated athe request of the World Bank in collaboration with
the World Health Organization with three primary gdMsirray and Lopez 1997) he first goal
was to provide information on ndatal health outcomes for discussion at global public policy
gatherings; which are typicalfpcusedon the mortality componeiiurray and Lopez 1997).
The second goal wae develop impartial epidemiological assessments fgrdigorders, and the
third god wasto quantify the burden of disease with a summary measure that could also be used
in costeffectiveness analyséslurray and Lopez 1997T.he results of the first study and
subsequent reports have described estimates of moftalt®7 causes of death by age, sex, and
region as well as developed consistent estimates of incidence, prevalence, camdtcase

fatality for 483 sequelae of the 107 causes (Murray and Lopez 1997).

The measurement to collectively describe the study’s results was the tlisaljisted
life year metric DALY ), which wasspecificallydeveloped for the GBBtudy DALYs are a
composite estimate of time spent inhi#alth and premature death, allowthg GBD study to
compare norfatal health outcomes with early dea{Murray and Lopez 1997As mentioned
previously, public health policy efforts are often discussed as measures of mortality andithe nee
for a global measure of muidity was apparent to discuss the cost and health lost due to early

death or disabilityMurray and Acharya 1997)n limited places, there is availability of partial
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prevalence and/or incidence data; however, the data can be unreliable for @allitipblicy

making(Murray 1994).

1.2 The DALY and the DALact

The WHO has developed a measure to assess productivity and welfare lost due to
premature death and diseaBke metric has similar goals that can be appheevaluate dairy
cow wellness and early death. Similar to human disease traits, dairy easaetisareduce
milk production, affectvelfare issues, and strain farm econongi2isakal, Tiezzi et al. 2015;
Parker Gaddis, Cole et al. 2018)he objective of the research described in the following
chapters is to developraetricsimilar tothe DALY that carbe appliecon dairy farms to
guantifytime lost due to death and diseaBeedisease adjusted lactation yield (DALact) aims
to use thesame principals behind tH®ALY to estimate time lost on the farm due to disease and
early removavia culling or deathThe calculation of the DALacghcorporates a set of standard
disability weights that were derived from a survey of experts in thestry(Chapter 2)The
application of these weights to morbidity and mortality data andajiields a summary measure
that assesses which disease are leading to the most time lost to diseas¢hamdddery farms
(Chapter 3). Once calculated for a dairy, this metric allows theuger to allocate resources to

reduce the economic and welfare impaatisease and death on the operation.

1.3 Disability weights background

The DALY measurenent is comprised of disabilityeights, years of life lost due to
disability (YLD) and years of life lost due to pnature death (YLL{Murray and Acharya
1997). YLD’s and YLL’s are components of the DALY that measure morbidity andaiity,

respectively. A DALY can be thought of as one year of “healthy” life lost amdubsequent



disease burden measurement as the gap betweerasedigwpulation and that of a comparative
reference populatiorP¢iissUstiin, Mathers et al. 200Fssentially, DALYs measure the gap
between how a given disease affects a population compared with a situaienewgryone

lives up to the standard life expectancy and in perfect health.

Along with YLD and YLL measures, anothettégral component of the DALY are
disability weights A need for a standardized measure of Wellhg when evaluating the effeat
nonfatal health consequencesas evidentlnitial disability weightswere developed in
accordance with the DALY during the GBD study in 1992. Specifically, disalveights ae an
essential component the disability measure (YLD). When attempting to combine premature
death and nofatal health states into one, developers of the DALY uncovered a rift between
conditions that mainly cause morbidity and those that mainly cause tyqi$atiuthard, Essink-

Bot et al. 1997)Summary measures that include a wide plethora of health characteristics, such
as severity and duration, need to have accountability for those differences. An acute condition
(such as cholera or pneumonia) would fit nicely into the mortality comp@itiet- the patient

dies or has recovered in a relatively brief ti(Beouthard, Essink-Bot et al. 1997). A chronic
condition such as a musculoskeletal injury or dementia causes a relagyeriod ohon-

fatal discomfort but a chronic #health stateand would fit well into the morbidity component
(Stouthard, Essink-Bot et al. 199%).generalconditions that have rapid fatality cause little
morbidity but high mortalityalternatively conditions that are chronic have high morbidity but
little mortality (Stouthard, Essink-Bot et al. 199A) health summary that attempts tir

mortality and morbidityfindsthat diseases that primarily causath will dominate the mortality

component and chronic diseases will control the morbidity outcome. Heddé&rent health



conclusionis discerned depending on whether it is mortality driven or morbidity drien.

common denominator to combine the two measures for comparison is ngcessar

Disability weightsare derived using panel of health experts who assess the physical,
mental, and social functioning of a human afflicted with a given condiB8touthard, Essink-
Bot et al. 1997)The severity of a diseass measured on a scale of 0.00 (no adverse function) to
1.00 (extreme functional consequences) (Stouthard, Essink-Bot et al. T88T@vel of severity
indicates the functional consequences that disease and subsequent stagesdradl arelfare
of a personFor example, a common head cold has a disability weight @@l bipolar disorder
has a weight of 0.8Murray and Acharya 1997These weights are relative and comparative to
other diseases bahould strive to be standaadd invariant over timgessinkBot and Bonsel
2002).Standardization of disability weightind therefore the DALY allows for comparison of
time lost (in early death and time spent with a dise&®9.key issu#o address is the difference
between acutand chronic stages of diseases and how they caoniygaced relative to each
other.An acute, common cold only lasts a week whereas bipolar disorder affects aipatient
varying severities for their entire life. Disability weights, wirembined with epidemiological
data, account for the fluctuating severities to give a standard assessmean theused as a

comparative measure between and across diseases.

Disability weights are only pertinent if the epidemiological data to combine with ihem
complete and relevariDisability weights are not meato be a standalone goal, rather they are
meant to be combined with epidemiological measures to form summary ss&ssinkBot
and Bonsel 2002). Prevalence, incidence and duration of diseases are key components of
epidemiological data that is required to calculate the DALY. The WHO calculzes gf life

lost due to disability (YLDps a functiorcomprised of x DW x L wherel is the number of
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incident cases for causgagea, and sexs; DW equals disability weights for causgagea, and
sexs and can be thought ak severity of a disease; dnts the average duratiaf the case

until remission or dath in yeargPruss-Ustiin, Mathers et al. 2003).

To determine the DALY, the YLDneasure is added to the years of life lost due to
premature death (YLL) function comprisedMk L whereN is the number of deaths due to
causec for a given age and sexsin yeart. L (s, a) is a standard loss functia@escribing years
of life lost for a death at ageand se»s (PriissUstiin, Mathers et al. 2003)he DALY becomes
a single number describing the overall health loss of a given disease oe disegsthat can be

broken down by age, sex, and region (WHO 2002).

The following chapters explore derivation of disability weights, apgilon of the
disability weights and DALaanetric with prevalence data from sample farms, and future

discussion of the DALact metric and dairy farms.



CHAPTER 2: MATERIALS AND METHODS: DISABILITY WEIGHTS AND EXPERT

OPINION SURVEY

2.1 Introduction

The World Health Organization (WHO) uses a disabdithusted life year (DALY)
metric to estimate the global burden of disease for hundreds of diseases and injuries worldwide
Due to the fragmented and inconsistent nature of disease and mortality records around the world,
standardized and compasagiinformation about ilhealth and death are needed. The WHO'’s
Global Burden of Disease (GBD) studhas initiated primarilyto identify those risk factors and
diseases that cause loss of health and early death. A secondary goal of tHedyB@Rsto
guantify economic losses due tehkalth and early death and apply #oguired information on
economic inefficiency to public health policiessupport resource allocation. Disease burden is
an important public health topic and needs to have a clear and concise systesistisat as

policymakers in their decisions on global health strategies.

Similar to problems a growing human population faces, as dairiemgertiiconsolidate
and grow in sizéhe need for standardized measures across farms is a necessary next step.
Comparable to the GBD study’s primary goal, the dairy industry’s wigective should be
reducing disease and death ratesows. A study by Norgaard at (1999) found that increased
mechanization resulting in physical environmewtednges due to a growing herd size increased
dairy cow mortalityNorgaard, Lind et al. 199™McConnel 2010)Factors that affect death and
disease on dairy farms are mié#ictorial Weatler, lactation status, physical housing, animal
handling feed intake, reproductive status, and corral management are just a few inflnahces t

are involved in the development of diseases and subsequent death on dairy farms.
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Typical dairy farm record keeping is lacking in specificity of diseases. Taepdyoassess
and make appropriate changes to management practices regarding diseasesaiedre det
information needs to be recorded on individual cows and this informatios teebd analyzed
in a novel way similar to the DALY metric. Without this informatioajrgmen and
veterinarians are left to estimate the costs of disease in terms of diseasengeeand have no
accurate assessment of the impacts of morbidity and mortality on atgnvaldship, living

conditions, health system effectiveness, and associated economic oppodsis.

The DALY estimates time lost due to-fikalth and early dea{Murray and Acharya
1997) It is comprised bthree components: years of life lost due to disability (YLD), years of
life lost to early death (YLL), and a set of disability weigiist describe the severity of the
diseas€Murray and Acharya 1997YLLs estimate the number of deaths due to a given disease
multiplied by the standard life expectancy at age of deaagears(WHO 2015) YLDs estimate
the incidence cases of a disease multiplied by the average duration of the idiseass
multiplied by a disability weighfWHO 2015) These two metrics are added together to create

the DALY metric.

Disability weights are &ey element of the DALYDisability weights initialy were
determined by a panel of health experts who estotageoverall welbeing of a person
afflicted with a given disease. The panel ranked the severity of the disease oma perso
physical, mental, and social functioning on a scale of zero (nosedeffects) to one (death)
(Stouthard, EssinBot & al. 1997). |ach panel member’s estimate vilasn combined it one

value for a given disease to yield a disability weight.
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Dairy disability weights are also vital to the development of the disedjasted lactation
(DALact) metric. Although the disease variables are different than what hassesthe
principleis the same. Standard severity of disease scores must be established amedcartib
incidence, prevalence, and duration of disease to calculate a DALact metric. Itoaiotain
disability weights for dairy cattle diseases, an expert opinion survegr@ated to develop
severity of disease scores. The concept of a survey is borrowed from the WHO expert opinion
survey regarding human illnesses and injuries. Each expert weighs theyseheegiven disease
or injury on a scale from one (complete health) to ten (death). For the purposes of this survey,
respondents were asked to rank a minimum, maximum, and most likehtgéw give an
overall range of the scope of the acute disease process. These rankings for aselalitsecd
for disability weights to encompass the range of disease sevérdtesccurs among dairies. For
example, some farms might tend to have very severe metritis casesganast uterine
infection) that could be ranked five, seven, and nine for minimum, most likely, and maximum,
respectively. Other farms may have mild cases of metritis as an overall distasebsequent
ranking of two, three, and four for minimum, most likely, and maximum. The ovéjalitore
of thissurvey was to establighsability weights to be applied to darm disease prevalence data

to generate estimates of time lost doi@ctive phases of disease.

2.2 Expert Selection

National and international dairy experts were invitedugust, 2014 to articipate in our
surveythrough professional organizations (American Association of Bovine Practitioners), dairy
industry publications and conferences (Progressive Dairyman, Aast@dttle Veterinarians
Annual Conference, World Buiatrics Congress, and Academy of Dairy Veterinary Consultants),

industry contacts, and word-of-mouth.
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2.3 Qurvey Outline

Surveys were emailed to participants using email listserves fromipaititicy
collaborators Participants were asked to follow an online link to the survey on 1@satat
kept respondents anonymous (Qualtrics, LLC, 2015). The survey was divided into four sections:
1) background information and demographics; 2) severity of disease scoring; 3) likelihood of

culling; and4) cost of disease. (Appendix A).

Section one asked participants for their primary location of practiaksdtasked for
scope of experience by professional title and years working in the dairy industry. Section two
was the main portion of the survey that queried participants about thdysef/sglect diseases
in order to capture disability weights for the DALact. This section dexiul2 common dairy
cow diseases and an example of how to score each disease (sehle ofelequals least
impact, 10 equals euthanasia or death). The health problems encompassed disedses and
injuries that are recorded in-darm databases and included: calving trauma, diarrhea, ketosis,
lameness (hoof only), left displaced abomasunstitig metritis, milk fever, musculoskeletal
injury (leg, hip, back), pneumonia, retained placenta, and rightadesghabomasum. Participants
were asked to score severity of diseases with a minimum, maximum, andkelgstripact on
overall animal hedft and milk production based on their experience with individual animals. A
hypothetical disease scenario was provided for pink eye with example schr@eaxsit

impactful/minimum), 2 (most likely), and 4 (most impactfodximum).

Section three requestéthat participants classify the minimum, maximum, and most
likely percent of animals likely to be culled due to a given disease on dainiesection was

divided into five categories based on days in milk (DIM) and pregnancis sihthe animals.

13



DIM and pregnancy status represent two of the most crucial variables that siceecethwhen
deciding to cull an animal. Other variables are included in the decisiongrakicess, such as

age, disease history, attitude and behavior, milk output, and bodiiconThese variables are
important, but difficult to categorize effectively in a survey. Hogre®IM and pregnancy status
are ultimately two of the most important that are considered because atisavatho is plaed
heavily on her ability tproducehealthy calves and thus continue producing milk within a
biologically and economically productive time frame. The five categories welesslthan 60

days in milk and not pregnant; 2) 60-200 days in milk and not pregnant; 3) 60-200 days in milk
and pregnant; 4) greater than 200 days in milk and not pregnant; 5) greater than 200 days in milk
and pregnant. Ranked diseases and injuries included in each category were based upon
biologically sound reasoning. For example, calving trauma was notlettin thecategory

“greater than 200 days in milk and pregnant” because it is not biologiealpmable for calving
trauma to be a recent issue given the lactation and reproductive stagusattely, a disease

such as mastitis was included in all categories because it is biologicaiiige that an animal

can suffer from mastitis throughout her lactation, regardless of pregnancy status.

The fourth and final section asked participants to rank the top five mastsxe
diseases on a dairy. Thirteen common dairy cow diseases and injuries werednaghaition,
calving trauma, diarrhea, ketosis, lameness (hoof only), left displaced alvopmaastitis,
metritis, milk fever (hypocalcemia), musculoskeletal injury (leg, hip, and back), pneumonia,
retained placenta, and right displaced abomasum. A ranking of one indicasextite least
costly of the most expensive issues and a ranking efifidicated it was the most expensive

disease or injury on the dairy.
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2.4 Implementation of Survey

The survey was available froAugust, 2014 through June, 2015. It waisially
distributed toover 2,00(potential respondents via email, colleagues,thed through other

media and conference outlets.
2.5 Analysis of Responses

Responses were downloaded into Microsoft Excel (20d@yaalyzed bgection.
Within the Severity of Disease section, descriptive statistics and gahphalysis of experts’
responses for each disease was performed. A Pert distribution was usagize expert
opinions defined by minimum, most likely, and maximum values. AdRstribution is similar
to a beta distribution as defined by Van Hauwermeirenvarse (2009). Itits a probability
distribution around an expert’s estimates to reflect uncertainty and variabilityhrgeag of
responses (minimum, most likely, and maximum) and then an overabimeddistribution was
created by randomly selecting values from each distribution numerous Timess an
applicable model to use for the experts’ opinions as we expected thera teliain level of
variability in the severity of diseases based on individual respongetsenal experience.
Ultimately, the Pert distribution utilized the values from a respdndestetermine the impact,

variability and uncertainty within their answer.

The following formula was used to define each set of expert opinions pasdis

(minimum, maximum, and most likely):

Pert (a,b,c) = Ba (ay, ap) * (c-a) + a

Where:
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H=a+4*b+c
6

u=(L-a)*(2b—a—c)
(b-p)*(c-a)

a=0q*(C- )
(H-a)

As defined by: a = minimum, b = most likely, ¢ = maximum

Individual distributions were combined using a discrete distribution in the form of

Discrete({xi}, {pi}), where {xi} are the expert opinions for experts i = 1 tcamd {pi} are the
weights given to each expert opinidn this caseequal weightingvas useqdvan Hauvermeiren

and Vose 2009).

Due to a lack of data due to incomplete responses for Sections Three and Four

(Likelihood of culling and Cost of Disease), the data from these segtEngsnot analyzed.
2.6 Survey Results

The survey was completed by 184 respondents. Of those responding, there was a 58%
drop out rate. Most drop out occurred during the Likelihood of Culling section. Of the 184
respondents, 137 provided identifying professional information (74.4%). There were 21 dairy
producers/owners (15%), 8 managers (6%), and 108 veterinarians (79%). A total of 96
respondents provided complete estimates for the severity of diseasem Isetion two of the
survey. Average years working in the dairy industry was 20.3, with a minimum of 1 year,
maximum of ® years, and a median of 20 years. Nationally, responses came from: Arizona,

California, Colorado, Idaho, lllinois, Indiana, Kansas, Michigan, Minnesota, Missouri, New
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Mexico, New York, Ohio, Pennsylvania, Texas, Vermont, Virginia, Washington, and Wisconsin.
Internationally, responses came from: Australia, Austria, Canada, Frasroeady, Hungary,

Mexico, New Zealand, and Spain.

Based on the identifying information provided by respondents, it was concluded there
was adequate experience based on years in the industry or professional expeeattteor
dairy cow diseases and death management to confidently accept responses as Taepaein

and median years of experience as reported by experts were 20.4 and 25.5 years, respectively.

The mean and median of minimum, maximum, and most likely severity sesults
from the expert opinion survey are presented in Table 1. The average of the minimum
maximum, and most likely median was calculated to use as the disabiigita/in the DALact

metric (Table 1).

Table 1: Minimum, maximum, most likely mean and median severity scores

Mean Median
Disease Min  Max Mostlikely Min  Max Most likely Average
Calving Trauma 2.73 9.38 4.88 2.00 10.00 5.00 5.67
Diarrhea 1.77 7.41 3.33 1.00 8.00 3.00 4.00
Ketosis 2.31 7.48 4.17 2.00 8.00 4.00 4.67
Lame (hoof only) 2.60 8.41 4.89 2.00 9.00 5.00 5.33
Left Displaced Abomasum 3.77 8.52 5.23 4.00 9.00 5.00 6.00
Mastitis 2.35 9.38 4.57 2.00 10.00 4.00 5.33
Metritis 243 7.97 4.22 2.00 8.00 4.00 4.67
Milk Fever 2.59 8.20 4.06 2.00 10.00 4.00 5.33
Musculoskeletal Injury 3.35 9.22 5.82 3.00 10.00 6.00 6.33
Pneumonia 3.36 8.84 3.49 3.00 10.00 5.00 6.00
Retained Placenta 2.05 6.70 3.49 2.00 6.00 3.00 3.67
Right Displaced Abomasum 4.48 9.25 6.57 4.00 10.00 7.00 7.00
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2.7 Descriptive Graphs of Results

The following disease severity results (Pert distribution) were cadcuiating R (The R

Foundation for Statistical Computing, 2014).

Calving Trauma expert opinion results are shown in Figure 1. The dashed red line
represents combined repeated sampling of the individual estimatesaXiseiycludes the
densities of the ranges of responses between minimum, maximum, ariketpstigher,
narrow peaks for an individual line (increased density), representsalgssikty within an
individual’'s impact assessment. Each line represents an individuahsesp variability and
uncertainty as modeled by the Pert distribution. While at first gldheesombined distribution
(dashed line) shows alatively normal distribution with the minimum at one, maximum at 10
and mean at roughly five, there is marked variation between the indivedyaindents which
indicates lack of agreement by experts, as evidenced by many different oflinies)sacross
the xaxis. This graph also indicates that impact varies greatly among respom@etrence
with calving trauma, evidenced by the different ranges of the individwed, li.e. some lines
have narrow peaks while others have broader peaks. Theretosemérity of a calving trauma

varies greatlyamong respondent’s experience.
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Figure 1. Calving trauma Pert distribution

Figure 2 shows results for diarrhea. This graph shows much more agreement among the
experts. Diarrhea severity scores overall had narrow peaks indicating vigral uncertainty
among respondents were low. Respondents tended to agree that the sestrease and worst
case scenario of a case of diarrhea had a relatively low impact, as evidenced by thiefiverall

shift and tightly bundled group of lines on the x-axis.
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Figure 2. Diarrhea Pert distribution

Figure 3 demonstrates most experts teridejree ketosis has a relatively narrow range
of severity in most cases on dairy farms. However, variability acrossméspts appeared to be
high as evidenced by multiple peaks across tagix and no discernable grouping. In general,
respondent’s experiences varied with regard to the impact of ketosis on cothe, dverall
indication was that regardless of its severity the impact of ketosis appderselatively

constricted.
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Figure 3. Ketosis Pert distribution

Figure 4 reveals lameness had a similar distribution to ketosis. Vayiaoiong
respondents was high, evidenced by many individual lines across the scagaldty
regarding the level of impact was also high as shown by multiple narrow geakdlas broad

peaks. Experiences with lameness clearly differed across farms and respondents.
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Figure 4. Lameness Pert distribution

The left displaced abomasum severity graph (Figure 5) shows a relativelgir{bell
shaped curve) combined distributiorthva slight shift to the right indicating increased severity.
However, the higher peaks (increased densities) of the individual lireatathere is some
agreement among respondents that the impact of a left displaced abomatiuen & smedium

severty or high severity, but unlikely to be spread across both.
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Figure 5. Left displaced abomasum Pert distribution

The results for mastitis were quite varied (Figure 6). The combined digirildallows a
relatively normal bell shaped curve where minimurarie,maximum is 10 and most likely is
around five. However, respondents were uncertain about the severity levastitis. Opinions
and experience regarding this disease clearly vary based on the numerous, broad liné®across t

X-axis.
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Figure 6. Mastitis Pert distribution

The opinions for metritis were also varied with a slight left shificaitghg a lower
overall severity level (Figure 7). The tall, sharp peaks indicate some expegt$aly certain
(and agree) metritis has a narramge of severity. On the other hand there were some experts

that felt metritis has a very wide range of severity as evidenced by the dead@bas.
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Figure 7.Metritis Pert distribution

Similar to metritis, milk fever severity scores trended toward beisg traumatic with
narrow ranges for minimum and maximum on the left end of the scale (Figure 8). However, the
certainty and variability among the respondents is marked in this pdimting different

outcomes regarding milk fever on farms.
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Figure 8. Milk fever Pert distribution

Musculoskeletal injury had a definite skew to the higher end of the sesesaity (Figure
9). Wider ranges for minimum and maximum were more apparent here with fem@r peaks
than in other diseases. Experts generally agreed an injury could eitrey Imeinvor (a one on
the severity scale) or terminal (a 10 on the severity scale). While there apjoeleesbme
agreement regarding the range of severity of an injury, variability obmesg was still high and

therefore experience was varied.
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Figure 9. Musculoskeletal injury Pert distribution

Pneumonia severity scores follow a relatively normal (bell shaped curve)reamb
distribution (Figure 10). The range between minimum and maximunuéted between wide
and narrow ranges across the distribution. Respondents indicated pneumonia severity varies
greatly among cases and farms. Uncertainty among respondents was higle raseeMy

variable density peaks and no discernable uniformity in width on-&xesx
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Figure 10. Pneumonia Pert distritaun

Right displaced abomasum severity scores trended toward the more tcaamdadi the
scale (to the right) (Figure 11). The ranges between minimum and maximurrelaérey
variable for RDA with a mix of both broad and narrow ranges. However, the minimum scores
generally fell between two and four, and the maximum scores fell between eldglQ,areating
a right shift of the data. Respondents were in agreement (variabilitpwathiat an RDA in a
dairy cow is a relatively serious disease. Uncertainty was also low, as evidgribeddensity

of the individual lines toward the right.
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Figure 11. Right displaced abomasum Pert distribution

Retained placenta severity scores trended toward the less traumatic (left)teele of
graph (Figure 12). Thpeaks were also narrow with very few wide peaks indicating a small
range of impact for a retained placenta in dairy cows. Here, respondentsewerallyg in
agreement, with low variability among reported experience, and low unt¢gdaievidenced by

density of the individual responses lines on the left side of the graph.
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Figure 12: Retained placenta Pert distribution

2.8 Discussion

The Dairy Expert Opinion Survey was distributed to over 2,000 industry leaders in
multiple countries including Australia, the United States, Germanyad2arand the Netherlands.
The survey included three main parts. These parts consisted of a sevetitynggigrtion, a
likelihood of culling portion and an estimated cost of disease portion (Appendix A). Thsalise
severity portion was the main focus of the survey and aimed to capture ¢hiéysava disease
relative to health and death. The likelihood of culling portion aimesess experts’ opinions
on the likelihood of an animal leaving the farm due tman intervention. The final portion

estimated the cost of disease and asked participants to rank diseasesadhleadtito most
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expensive. Although the likelihood of culling and the cost of disease portions of the survey were
not routinely answered andtimately discarded, the section quantifying disease severity

provided useful data for the development of dairy disability weights.

Disability weights in the WHO’s DALY studsgrose from a desite have a statardized
disease severity scale worldwid&'ithout a standargeverity measure, diseases across the world
are viewed on a varied scdlased on the current public methddéhereas death is easily
categorized (alive or dead) in any part of the world, fadal outcomes are nMurray and
Lopez 1996)Diseaseburden individuals differently: from the source of ilireessto the impact
on the persads wellbeingand how the surrounding support system reacts to the issue (Murray
and Lopez 1996). Thus, a meastira definestime spentn less than perfect health can be
combied with mortality statistics for the purposes of evaluating diseaderbacross a global
scale. Akin to the distinct classificatioh deathin medical recordsdisabilityburdens need to be
measured, definednd valued in a way that captuthe full disorderof the diseasen an

individual (Murray and Lopez 1996).

Developingaspects of the DALY metric for direct application on dairy farms was the
goal of this project. Due to differences in human and dairy populations, some components of the
DALY need to beevisedin order to be useful. However, soe@mponents can be modeled very
closely to the DALY in development and application, such as disabiiighis. Disability
weights measure the severity of a disease in relation to health versus deatiH@HeasV
modified disability weights over the course of a number of years as they are a complexemeasur
that strivedo place a numerical value on the mental and physical ramifications of a diBeiase.
complexity was found to hold true in the derivation of disability wisighr the DALact. Experts

were asked to determine the level of severity on dairy cows in varying sfdgetabon and
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pregnancy status based on their experience on dairy farms. Although énera few diseases
that were easily identified for a lower or higher level of severity, manyeodifability weights

indicated experts had a difficult time discerning a clear level of severitydiven disease.

Calving trauma disability weights indicated respondents’ experienegiesivOne
component ba successful assisted calving depends on the proper training and capability of the
person aiding the animal. When a calving trauma is handled successfeityjisha high
probability of full recovery for a cow, but if it is unsuccessful, the impacherahimal can be
quite severe. Calving trauma can be associated with subseguiatrturient conditions and this
may be a factor under consideration when assessing the severity. Sinallairtg tauma, a
relatively normal (belshaped) combined didbtition was also seen on the graph for lameness.
While lameness may result from a specific diseasg,6ole ulcerfoot rot, hairy heel wart),
lameness is often the term used when classifying general hoof and legissaieg cows. A
normal distributbn in this case perhaps results from a speeific description of lameness used
in the surveyWithout specific diseases attached to the lameness description, sewdiffigult
to gauge. For example, the overall health impact of an untreated foot rargagreatly from a

hairy heel wart in dairy cows.

Experts’ opinions on diarrhea, milk fever, and retained placenta all had a slight skew to
the left of the graph indicating the overall scores were on the lower engliaiphct scale. This
validatedcommon thinking on dairies that episodes of diarrhea, retained placentas, and milk
fever are manageable and typically not severe on their oowmeter, precursors and subsequent
health problems related to these diseases may cause severe impacts onlarhaaiitha For
example, milk fever is easily treated early in the disease process but whigmpameiged can

be an underlying cause for subsequent periparturient conditions or even lead to prolonged
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recumbency and death. These considerations may havenoéd those respondents whose

answers tended towards the sevand of the severity scale.

Ketosisand left displaced abomasum graphs had relatively narrow peaks indicating th
experts felt the minimum, maximum and most likely severity of thesaliseases are similar.
Ketosis, and specifically subclinical ketosis, is often undiagnosethiries but a weknown
disease. In early lactation cows, it can lead to further complications sd@pkxed abomasum,
metritis, poor reproductive performance, and reduced milk produdtioAr(, Nydam et al.

2013). Expertsnight have taken into account similar considerations for this disease as fo
diarrhea, milk fever, and left displaced abomasum; the conditions andmsothat occur as
sequelae to these diseases are sometiumese than the acute phase. Those considerations are
hard to articulate when ranking disease severity but the narrow peaks (increased density) of the
individual distributions indicate experts believe that the diseasthisr mild or severe buarely

both.

Mastitis and pneumonia had wider pe#kan some of the other graphs. These diseases
can manifest a wide range of severity in dairy cows. On the one end, an envidmaestitis
casecanpresent as a relatively mildiseaseOn the other end,Mycoplasma bovisinfection can
cause sevenmespratory damage, clinical mastitis, a tremendous drop in milk prazmycind
possibly lead to death or euthanggtathmann, Spergser et al. 201B)eumonia can have
similar results. The expert opinion graphs reflected the potematigty in mastitis and
pneumonia cases. Without more specific details describing the casessesspere generally

uncertain and varied, as evidenced by the wide rahgesponses.
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Musculoskeletal injury and right displaced abomasum were two graplskévegd to the
right. Both of these diseases often have severe consequences. This opiniter@dbysmany
of the respondents as demonstrated by lines with increased density and skewing toward the right
of the graph. A hip or back injury in a largeraal typically has a terminal outcome. A right
displaced abomasum if not detected and correctateoirately, can be terminal. The graphs

supported expert’'s common opinion abthé severity of these two diseases.

The question asked of respondewrigarding disease severity revolved around the impact
of a given disease on overall dairy cow health and milk production. Theauneste asked
experts to rank a minimum, maximum and most likely impact of 12réifit diseases. The
health events were cken based on their common and consistent recording on most dairies.
However, to offer a bird’s eye view of disease severity relative to time Emthrevents were
chosen as general events. These disability weights were generated from variectipessnd
experiences from multiple industry experts. A median of the masy Mas chosen as one point
for calculation in the DALact and these points inherently express the viyi#tialt occurs on
dairies and in specific cases. In order to reduce that variability and hageanwarate, specific
disability weights, more precise disease descriptions would needdeveloped. Lameness and

mastitis, for example, would be events that could be broken down to mtinetcdescriptions.

The overarching goal @his project was to develop a better assessment of time lost, and
therefore the opportunity costsditeases and death on dairies. In order to accomplish this goal,
a novel way of evaluating health recovass developed. The DALact metric with its requisite
disability weights will attempt to establish a moredepth method to analyze dairy records and
the impact of disease on animal wieding and economic opportunity costs. The following

chapter evaluates the use of the DALact metric on farms usirgpsthinealth records in an
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effort to prioritize health interventions based on time and expand thessiscwf animal health

to view profits and losses in light of the quality and length of life.
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CHAPTER 3 PREVALENCE DATA AND DALACT CALCULATION

3.1 Introduction

Dairy cow morbidity and mortality in the United States are concerns thanhot
damage farms financially but also tarnish the industry’s reputatiortudes continue to
investigate the increase dairy cattle mortality and morbidity, animal welfare becomes a larger
concern to the dairy industry (Thomsen and Houe 20@&onnel, Lombard et al. 2008
Shahid, Reneau et al. 201Fhese reasons become the main focus for increased health
monitoring and standards in recording and interpretation of data on dairy farms. Historically,
records regarding disease and death on dairies have been inconsistent amahdefirhiealth
events typically do not follow a national standé@felton, Lissemore et al. 1998everal
Western European countries have advanced animal meattiding systems and inndivee
animal monitoring systems that have been developegsponse to public opinion, property
shortage, and government pressutes(anc, Lissemore et al. 200@®evelopment of a national
standard ofecording and analyzing dairy cattle health data has improved in the WeSeint
years;however, it is the opinion of many in the dairy industry and general public that more needs
to be done to improve overall health, animal welfare, and financial staifililairy cattle and

farms (Esslemont 2011).

The World Health Organization (WHO) has developed a htimazed assessment of
productive time lost due to disease and injury. The WHO found there werasisteogies in
morbidity data, especially in developing count(8touthard, EssinBot et al. 199Y. The
reason for a standardized methogs$essing disease across countries and regiomawitas

faceted. The first reason was basic societal and cultural norms that stfiwegiewity. The
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second reason is economic. Public health officials rely on health data to nsak&Hexive

disease intervention decisions. The disability adjusted life year (DAlR®)developed to assess
the global burden of disease and aid public health decisions and distribution of resources
(Murray and Acharya 1997The DALY uses a novelombination of components to determine
productive time lost due to a given disease or injury. Disability heigre a component of the
DALY, derived from health experts through a variety of tests and questions, that are used to
standardize the mental, physical, and social severity of diseases along a scpkrfetcy(

healthy) to 10 (death) (Stouthard, Essink-Bot et al. 1997). Additional components of the DALY

are accurate disease duration definitions and morbidity prevalence data.

Global disease prevalence data can be lacking in specifics and completeness, especially
in developing countriesStouthard, EssinBot et al. 1997)Similarly, incomplete records are
difficult to assess in the global dairy industry and are structuredettfgiin certain regions
(LeBlanc, Lissemore et al. 2006ssues surrounding non-standardized health measures, both in
humans and dairy cattle, require a novel way of looking at available recordanhwoductivity
lost due to health events and early death has a societal, personal, and lacalEvgduating
and comparing those impacts on broader scale aid public health offiailsision making.
Similar principles can be applied to dairy cattle records relating healthr@ehgicpive time lost
to disease and premature death with the ultimate goals of healthy cattle anmasssall herd

management.

Assessing dairy health parameters in a similar fashion to the DALY bspmreding
duration of disease, prevalence, and severity scores might reveal probkeestipreviously
missed through basic analyses of ptence data. Typically, recoedsessments of health events,

culling and dead cows are retrospective on farms and provide reaction basemhses
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opposed to preventative (LeBlanc 201B3tablishing a novel method for assessing health
problems could aid in preventative health managenmaptpved animal welfare and health, and
increased productivity of a farm. The goal of this study was to evaluate diseatbeadd cullig
prevalence data and compare thema novel measure of time lost to death and disease on the

farm: the DALact (Disaseadjusted lactation) metric.

3.2 Materials and Methods

Dairy cow disease, death, and culling data from three similarly managed felkmsdsas
housing approximately 9,000 Holstein cows in free stall barns weremu#gd study to develop
the DALactmetric. Similar to the human DALY, construction of the DALact metric iregua
comprehensive accounting of the expected Days Lost to lliness (DivBlbas the Days Lost to
Removal or Death (DLRD) such that the DALacDLI + DLRD. As with the human DAY,
the DLI must reflect the prevalence and duration of disease multiplied bgfalitirsveight
factor reflecting the severity of the disease. Unlike the human DALY, theDDhRst account
for early deatlor forced removal and overcome deficitsmortality and removalrecords.

Resulting estimates quantify the loss of functioning and-lagihg due to time lost to ihealth.

The data required to calculate the DLI and DLRD wareessed from herd data backups
using Dairy Comp 305 (Valley Agricultural Software 2015). These data were uploaded on a
monthly basis to a database for input into an Excel spreadsheet (Microsoft 2013) designed to
capture pertinent information for this project. Data gathered from Dairy Comp 305 was obtained
by using the EVENTS function. The specific formula used was: EVENTS ID LROAT DIM
CFDIF FOR LACT>0 FDAT=1/01/14/xx/xx\bsi where EVENTS=all herd events as defined
by the farm using the system; ID=cow identification number in the hé¥@T=lactation

number of animal; FDAT=frestlate of animal; DIM=current days in milk of animal;
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CFDIF=calving difficulty at freshening (not available fl farms); for LACT>0=cowsvith
lactation greater than 0, this excluded nulliparous heifers; FDAT=a fresheaie that was
between the projeatitiation (January 1, 2014) and thatd at which data welgeing analyzed.
Diseases of interest and removals (culled or died) were tracked for coweshahied in the

time frame described. The eight diseases of interest were: diarrhea, displacesbabom
lameness, mastitis, metritis, milk fever, pneumonia and retained plaCénteal disease case
definitions were developed ltlge dairy’sveterinarian who trained farm managers to detect and

identify each disease.

Information that was recordddr culled, died, and disease cows includkshtification
numbers, fresh date, daiyn milk, lactation numbethe reason for removal given by farm,
removal date, and health events pertinent to our study with the datechtevbints occurred. A
dead code wasreated and assigned to each cow that dighg the study for all three dairies.
This code assigned a given disease, if possible, as the main cause bbdedthn the farm’s
assignmenor previous disease events. The participating farms had a syk#dtributing
primary and secondary diseases as a way of gaining as much informatiosible @mut an
animal’s deathThe studyfarms did not utilize necropsies so the health history of the animals

provided the only link to possible reasons as to amwanimal died

Dead codes included a two letter component that, if possible eithistorical
information provided, attributed the death to a single disease process.cbdes incorporated
all diseases recorded on farms, not just the eight thattveeteed during this project. However,
for analytic purposes, causedath was attributed tne ofthe eight diseases of interest, or
was classified as miscellaneous or unknown. Some animals did not havie aisegse that

could be attributed abe cause of death, because either not enough information was provided or
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there was an unknown cause that could not be distinguished without a necropsy. These cases
were categorized as unknown and failed to provide useful information regarding underlying

causs of death.

Dead codes were assigned using a variety of informative tools: the Beakdiprocess,
other recent health events prior to the death, location of death, euthanized versus sudden death,
as well as overall health of the animal including npitkduction, number of health events,
calving difficulty (where applicable) and dry period characteristics. Eaohahtiat died was
looked at within the criteria listed above. Most often the primary cause ¢f @edisted by the
farmwasdeterminedafter consideration of the rest of the information listed above. If the farm
did not provide a reason for death and listed “unknown” as the cause, records for that animal
werereviewed to try and determine a reasonable cause of death. In some cases, thi@gnderl
cause remained unknown. In other cases, deaths could be attributed to a speasie gliocess.
For example, a cow was found dead in the free stall barn and was assigned an unknown cause of
death due to a lack of external sighkealth records for this comevealed she had recently
moved out of the hospital the previous day after finishing treatment for pneumonia. In this case,
it was reasonable to suggest this animal died due to pneumonia that waateot properly or

cured. However, accrediting a specific illness to an unknown death was infrequen

Cows in ths study were culled for 2 generalasons: economic or biologic (Fetrow,
Nordlund et al. 2006)An economic cull was costing the dairy more money to house and feed
her than she was returning in milk production income. A biologic cullferagd to leave
because of a disease or injury. The reason for exit wasduehronic disease event or an acute
illness and the decision to remove the animal was mandatory rather thaghtbomsideration of

profit or loss due to milk production.
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The dairies involved in this project used a standardized culling syst@mals were
removed from the farm if they were not meeting the breakeven point (mdkgtron at a
predetermined quantity indicating the cow wasfitable for that farm) or they were removed
due to an acute or chronic disease. The dairies used generic codes that were programmed
herd management software to designate reason for removal. These reasonsaoangpedific
diseases such as mastitis or lameneggeneric “low production.” Culling codes are usually
singular generic conditions that give thest available reason for removing the animal and
should be interpreted with caution because most animals leave the herd due bmatommof
underlying issues (Fetrow, Nordlund et al. 20R®edo, De Vries et al. 20105imilar to
developing a better dead cow coding system, the dairy industry shouidarete a more
comprehensive coding system for culled animals if uskHtd is desired from farnmeeas to why

their animals leave the far(fetrow, Nordlund et al. 2006).

This study ran for a 17-month period which provided an unequal risk period from
freshening to disease or removal for individual cows. For example, malahat calved on
January 1 of 2014 (the initial criteria to be enrolled in the study) could have the opportunity to
go through a full lactation (baset a 13month calving interval) and be enrolled again in
February of 2015. However, an animal that calved on Mayf 2015 would only have 30 days
of exposure to be included in the study and acquire diseases. Also, mosiddibatwere
tracked wee fresh cow diseases that occurvgthin the first 60 days of freshening. Therefore,
the mid to late lactation diseases would be missed in a cow that was enrotiathebefore the
study ended. Consequently, some of the tracked diseases might have arbigilenpe than
others, particularly the early lactation diseases because they obagin &equency and more

early lactation risk periods were included in this st(@gff and Horst 1997).
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The same disease breakdown that was performed on all cows entered into thestudy w
also performed on a subset of cows with complktethtion data (i.e. data from one calving to
the next) Because cows that died or were culled were not included in the full lactadiom, gr
this subset of cows could be considered “survivors” who completedladiation within the
study time period. Full lactation analysvas performed to lookt éhe difference in prevalence of
diseases when all cows had the same temporal risk of contracting any ga@sedhroughout a

lactation.

A key component of the DALact calculation is the disability weight. Digghileights
describing the severity afiseases were derived from an expert survey. We considered experts in
the dairy industry to be veterinarians, producers, and farm managers iéed rarticipants via
professional publications, dairy industry publications and conferences, contactsleagusd.
The survey queried participants on years of experience, professional titeation of main
practice/farm. Respondents were asked to assign a minimum, maximum atiéethoisnpact
on overall cow health and production for 12 common dairy dig@ases. The scale ranged from
perfectly healthy (0) to death or euthanasia (10). Diseases included were: tralving,
diarrhea, ketosis, lameness (hoof only), left displaced abomasum jsnasdiritis, milk fever,
musculoskeletal injury (leg, hip, back), pneumonia, retained pla@amdajght displaced
abomasum. Diseases that were surveyed for disability weights were theventyg able to be

analyzed in the DALact.

A betaPert distribution was performed on respondent’s answers (Van Hauwermeiren and
Vose 2009)A PERT probability distribution analysis reflects uncertainty and vaitabi
regarding specific parameters (min, max, most likely) typically fouitkiin expert surveygR

and Team 2008)An average of the most likely median for each disease was performed to derive

42



individual numbers for application in the DALact (Table 1). PERSIribution was defined by

Vose as:

Pert (a,b,c) = Beta (a4, ap) * (C-a) + @

Where:

H=a+4*b+c

6

au=(4-a)*(2b—a—c)

(b-u)*(c-a)

o= o01*(C- )
(H-a)

As defined by a = minimum, b = most likely, ¢ = maximum

Individual distributions were combined using a discrete distributidhe form of Discrete
({xi}, {pi}), where {xi} are the expert opinions for expertsd 1 to n and {pi} are the weights

given to each expert opinion. Equal weighting was (8ad Hauwermeiren and Vose 2009).
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Table 1: Average Median Disability Weights

Disease Average Median
Calving Trauma 0.57
Diarrhea 0.40
Ketosis 0.47
Lame (hoofonly) 0.53
Left Displaced Abomasum 0.60
Mastitis 0.53
Metritis 0.47
Milk Fever 0.53
Musculoskeletal Injury

(leg, hip, back) 0.63
Pneumonia 0.60
Retained Placenta 0.37
Right Displaced Abomasum 0.70

Acute disease duration for each disease was also researched as part of a calculation
component for the Dairy DALact. As mentioned previously, in orde&atculate the Dairy
DALact for each diseas@revalence dataluration, andeverity scores were necessary. The
average duration of disease vegoplied to allcases on the threkiries in this study (Table 2).
For this study averages were estimated based on multiple s@duregerford 1990Divers,
Rebhun et al. 200 Radostits ath Done 2007Kahn, Line et al. 2010). Acute durations of
relevant diseases as defined in Rebhun’s diseases of dairy cattle for 8 States extended
from 24 to 96 hours (Divers, Rebhun et al. 200i)netheless, acute duratican be difficult to
determine. For example, one study by Warnick et al. found difficulty charzcggclinical
lameness on farms and accurately assigning a single duration timecgiigaifhen owner
reported records and natandardized definitions of lame events are @edss farms
(Warnick, Janssen et al. 200Multiple factors affect the presence, severity, and duration of

lameness such as housing and footing type, nutritional subacute ruminal acidosis, and high milk
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yield (RajalaSchultz, Grohn et al. 199200k, Bennett et al. 200%tone 2004)Similar to lame
conditions, musculoskeletal injuries have been linked to housingiés;ibedding, and cow
comfort (Haskell, Rennie et al. 200®n Keyserlingk, Barrientos et al. 201Powever, clinical
definitions and duration vamepending on the injury. Because some musculoskeletal injuries
lead to a nonambulatory cow, the duration can be much shorter than 5 daysdiabtasia

(Divers, Rebhun et al. 200Green, lombard et al. 2008).

Table 2: Duration of disease

Disease Duration (d)

Calving Trauma 2
Displaced Abomasum
Diarrhea

Ketosis

Lame

Mastitis

Metritis

Milk Fever
Musculoskeletal Injury
Pneumonia

Retained Placenta

N MO AU ONDNW
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3.3 Results

Cows on threelairies were enrolled at the time of freshening (calving) from Jandary 1
2014 through May 26 2015. A total of 2,459 cows were enrolled on Dairpisease, culled,
and died events were continually collected until the end of the project peeaoy.1 had a total
of 160 cows die during the data collection period. This equated to 6.5 cow deaths per 100
enrollments The dath percentageas calculated by taking the total number of dead cows

divided by total cows enrolled in the study (160/2,459*100 enrollments) for that dairy.

Dairy 1 reported deaths attributed to the following diseases and omsditloat, calving
injury, displaced abomasum (DA), diarrhea, down animal (nonambulatory), disease
(unspecified), hemorrhagic bowel syndrome, human error, injury (back, hip leg injury that
required humane euthanasia), Johnes disease, ketosisessmeastitis, metritis, milk fever,
pneumonia, retainedgtenta, and unknown designation. The highest percentage of deaths were
categorized a¥Jnknown cause’ (28 deaths, 18% of all deaths), followed by left displaced
abomasum (22 deaths, 14% of allthisq Down animals contribute&tl deaths and 13% of all
deaths (Table 1). The lowest percentageseaths were attributed to bloat, human error, and
retained placenta; all with 1 death each and 1% or less of all deaths, redpe&thwuman error

death, in this case, refers to a human caused accident that required euthanasia.

Dairy 2 enrolled2,533 owsduring the study period and had a percentage of 5.8 cow
deaths per 100 enrollments (147/2,533*100 enroliments). Dairy 2 reported deaths attributed to:
calving injury, cancerdisplaced abomasurdA), diarrhea, down animal (nonambulatory),
hemorrhagic bwel syndrome, human error, injury, ketosis, lan@gs mastitis, metritis, milk
fever (MF), pneumonia, retained placenta (RP), and unknown cause(s) (Table 1). Most deaths

were attributed to unknown causes (33 deaths, 22%). Of the deaths due to @ikeas®r
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injury, injury accounted for the most at 19 cases and 13% of all deaths, followatVing

injury (17, 12%), down (17, 12%) and pneumonia (17, 12%).

Dairy 3 enrolled2,241 cows in thetudy. Ttey had 182 dead cows for a percentage of 8.1
cow deaths per 100 enrollmentshis dairy reported death due to the following diseases: bloat,
bled out (rupture of a major artery), calving injury, displaced abomasum (DA), diarrhea, down
animal (nonambulatory), disea@especified), hemorrhagic bowel syndrome, human error,
injury, Johnes disease, ketosis, |mess mastitis, metritis, milk fever (MF), pneumonia,
retained placenta (RP), septicemia, ulcer and unknown. As with the other 2 dairies, unknown
causes accounted for the highest number of deaths with 27 (15% of dea¢hsgxt highest
was injury (24, 13%) followed by pneumonia at 21 and 12%, and lastly, aowral

(nonambulatory) with 14 deaths and 8% of all deaths (Table 1).
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Table 1: Distribution of diseases attributing to death at all dairies

Dairy 1 Dairy 2 Dairy 3

Disease Count Percent Count Percent Count Percent
Bled Out N/A N/A N/A N/A 2 1%
Bloat 1 1% N/A N/A 3 2%
Calving injury 18 11% 17 12% 9 5%
Cancer N/A N/A 2 1% N/A N/A
DA 22 14% 11 7% 11 6%
Diarrhea 7 4% 4 3% 11 6%
Down 21 13% 17 12% 14 8%
Disease 2 1% N/A N/A 8 4%
Hem Bowel 9 6% 1 1% 3 2%
Human Error 1 1% 2 1% 2 1%
Injury 16 10% 19 13% 24 13%
Johnes disease 2 1% N/A N/A 1 1%
Ketosis 3 2% 4 3% 4 2%
Lame 5 3% 7 5% 10 5%
Mastitis 8 5% 5 3% 8 4%
Metritis 4 3% 4 3% 10 5%
MF 3 2% 2 1% 2 1%
Pneumonia 9 6% 17 12% 21 12%
Septicemia N/A N/A N/A N/A 6 3%
RP 1 1% 2 1% N/A N/A
Ulcer N/A N/A N/A N/A 6 3%
Unknown 28 18% 33 22% 27 15%
Total 160 100% 147 100% 182 100%

Dairy 1 culled 634 ces throughout the study period, representing 608 all enrolled
cows. The reasons reported for culling were: abort, “any sickness”, displaced abomasum (DA),
diarrhea, disease, injury, Johnes disease,lasgdow production, mastitis, pneumonia, and
reproductive. The highest percentage of cows weltedfor low production300 cows and
47% of all cullg, followed by “any sicknesq120 animals and 19% of all cullgind lastly,

mastitis with 109 cows and 17% of all culls (Table 2).
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Dairy 2 sold 590 cows accounting for 23.3% of all enrolled cows. Categories for culling
included: abort, “any sickness,” body condition score, displaced abomasum (DA), diarrhea,
disease, injury, Johnes disease, “junk,” “kick,” lav@gs low production, mastitis, metritis,
pneumonia, reproductive and udder. The highest culling category was low production with 319
cows and 54% of all enrolled culled cowastitis was the second highesttegory with 84
cows leaving the farm, making up 14% of all enrolbetled cows. The third highest category for

cull cows was “any sickne% (42, 7%) (Table 2).

Dairy 3 sold 598 cows accounting for 26.6% of all enrolled cows. Categories for culling
included: “any sickness,” disease, injury, laress low production, mastitis, pneumonia, “record
not to be used,” and reproductive. Similar to the other dairies, low production accounted for the
largest percentage aémovas. This dairy sold 312 enrolled cows for low production, totaling
just over half (52%) of all culled cows. Mastitis was the next largest catedggbryt00 cows and
17% of enrtled culled cows. Lameness was the third largest category with 79 covi8#nd

(Table 2).
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Table 2: Culling data for all dairies

Dairy 1 Dairy 2 Dairy 3
Disease Count Percent Avg DIM Count Percent Avg DIM Count Percent Avg DIM
Abort 13 2% 339 25 1% 271 N/A N/A N/A
Any sickness 120 19% 121 42 7% 180 2 0% 289
Body Condition  N/A N/A N/A 1 0% 6 N/A N/A N/A
DA 14 2% 68 10 2% 40 N/A N/A N/A
Diarrhea 1 0% 42 8 1% 109 N/A  N/A N/A
Disease 2 0% 42 8 1% 85 11 2% 107
Injury 8 1% 115 4 1% 75 53 9% 71
Johnes Disease 1 0% 151 4 1% 33 N/A N/A N/A
Junk N/A N/A N/A 11 2% 19 N/A N/A N/A
Kick N/A N/A N/A 3 1% 46 N/A N/A N/A
Lame 25 4% 100 22 4% 146 79 13% 169
Low Production 300 47% 196 319 54% 140 312 52% 202
Mastitis 109 17% 157 84 14% 144 100 17% 136
Metritis N/A N/A N/A 2 0% 22 N/A N/A N/A
Pneumonia 35 6% 94 12 2% 128 12 2% 158
Record notused N/A N/A N/A N/A N/A N/A 6 1% 68
Reproductive 6 1% 341 29 5% 341 23 4% 336
Udder N/A N/A N/A 6 1% 10 N/A N/A N/A
Total 634 100% 590 100% 598 100%

Thes data represetiie diseaserecorded over the entire study period (Tables 3, 4, and
5). It should be maioned ketosis was not trackatia level that was reportatdéone of the

dairies and therefore does not provide a fair comparison.

Dairy 1 had the most abort cases of the three dairiesv&4lis 408 versus 210) for
Dairies 1, 2, and 3, respectively. Lameness accounted for oitlyl éases dDairy 1, while
Dairies 2 and 3 had 35% of cases due to lameBass. 2 had the lowest number of casés

mastitis (783, 23%) versus Dairy 1 and 3 (1,160 and 33% and 1,025 and 30%), respectively.
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Table 3: Disease prevalence at Dairy 1

Cows with 2or Total cows

Disease Cases more events with event % of cases % of cows*

Abort 541 55 489 15% 20%
Bloat 4 0 4 0% 0%
DA 100 0 100 3% 4%
Diarrhea 67 2 65 2% 3%
Down 38 0 38 1% 2%
Ketosis 128 0 128 4% 5%
Lame 614 102 481 17% 20%
Mastitis 1160 242 821 33% 33%
Metritis 483 12 471 14% 19%
MF 50 0 50 1% 2%
Pneumonia 166 0 166 5% 7%
RP 194 0 194 5% 8%
Total Cases 3545

*Based on 2,459 total cows enrolled in the study

Table 4: Disease prevalence at Dairy 2

Cows with 2 or Total cows

Disease Cases more events withevent % ofcases % of cows*
Abort 408 37 371 12% 15%
Bloat 3 0 3 0% 0%
DA 66 0 66 2% 3%
Diarrhea 136 14 122 1% 5%
Down 27 0 27 1% 1%
Ketosis 107 0 107 3% 4%
Lame 1210 254 836 35% 33%
Mastitis 783 148 588 23% 23%
Metritis 338 10 328 10% 13%
MF 22 0 22 1% 1%
Pneumonia 125 0 125 4% 5%
RP 215 0 215 6% 8%
Total Cases 3440

*Based on 2,533 total cows enrolled in the study

51



Table 5: Disease prevalence at Dairy 3

Cows with 2or Total cows

Disease Cases more events with event % of cases % of cows*

Abort 210 9 200 6% 9%
Bloat 1 0 1 0% 0%
DA 94 0 94 3% 4%
Diarrhea 45 0 45 1% 2%
Down 39 0 39 1% 2%
Ketosis 7 0 7 0% 0%
Lame 1178 251 784 35% 35%
Mastitis 1025 237 674 30% 30%
Metritis 421 42 379 13% 17%
MF 40 0 40 1% 2%
Pneumonia 63 0 63 2% 3%
RP 239 3 236 7% 11%

Total Cases 3362

*Based on 2,241 total cows enrolled in the study

Dairy 1 had 740 cows thabmpleted a lactatiotinroughout the 17-month study period.
Of those cows, 445 cows had disease events and the remaining 295 cowslisads®events.
Dairy 1 had a total of 493 disease cases with 4 categories having repeat cases. laarmdeness
mastitis had the highest percentage of cases. The highest percentage of diseaserevents
attributed to mastitis with 44% of cases followed by 26% of all casée ilamneness category

(Table 6).
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Table 6: Completed lactation disease prevalence for Dairy 1

Cows with 2 or
Disease Cases more cases % of cases Avg DIM

Abort 46 4 9% 135
DA 7 0 1% 14
Diarrhea 7 0 1% 79
Down 2 0 0% 1
Lame 126 49 26% 170
Mastitis 215 110 44% 174
Metritis 60 6 12% 7
MF 4 0 1% 1
Pneumonia 19 0 4% 96
RP 7 0 1% 4
Total 493 169 100%

Dairy 2 hal a total of 398 cows with completed laatats. Of those cows, 223 had
completedactations with disease events and 175 cows had zero disease events. Dairy 2 had a
total of 357 disease cases with 3 categories haeipgat cases. According to thetsea,
lameness makes up almost half (49%) of all casemnelll by mastitis at 27% (Table 7).

Average days in milk of diseases seem to follow appropriate bioldgiwaframes for early

lactation and later lactation diseases to typically occur.
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Table 7: Completed lactation disease prevalence for Dairy 2

Cows with 2
Disease Cases ormore cases % of cases Avg DIM

Abort 22 0 6% 136
DA 3 0 1% 15
Diarrhea 8 0 2% 65
Down 2 0 1% 214
Lame 175 40 49% 173
Mastitis 98 23 27% 173
Metritis 24 0 7% 8
MF 4 0 1% 2
Pneumonia 9 1 3% 118
RP 12 0 3% 2
Total 357 64 100%

Dairy 3 had a total of 401 cows with completactations Of those cows, 236 cows had
completedactations with disease events and 165 had zero disease events. Dairy 3 had a total o
464 disease cases. Mastitis events were first with 39% of cases, followedemg&snat 34%

and lastly by retained placenta and met(ifiable 8).

Table 8: Completed lactation disease prevalence for Dairy 3

Cows with 2
Disease Cases ormore cases % of cases AvgDIM

Abort 6 0 1% 152
DA 10 0 2% 20
Diarrhea 4 0 1% 29
Down 7 0 2% 84
Lame 158 53 34% 167
Mastitis 180 68 39% 97
Metritis 38 0 8% 10
MF 7 0 2% 1
Pneumonia 10 0 2% 31
RP 44 0 9% 2
Total 464 121 100%
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3.4 DALact Calculation (Disease Adjusted Lactation)

The DALact metric was calculated in two parts. The first part calcuthéetime lost to
deathsor cullingfrom a given disease using the peregebf cows that died or were culleohd
multiplying it by the dairy’s calving interval in days minus the averags damilk at the time
of death or removalThe second portion calculates the time lost to a given disease by nmdtiply
the appropriate disability weight by the duration, disease prevalencetaincbivs enrolled in
the study. For example, displaced abomasum (DA) DALact death/caélloglation for Dairy 1
follows: (160*0.14)*(390-43)+(634*0.022)*(390-68)=12,1d3ays lost. DA DALact disease
calculation for Dairy 1 follows0.60*3*0.03*2,459=133 days lost. The two numbers were added

together for the total time logo that disease on the dairy (12,21&y9.

Table 9 reports death and culling categories, average days in milk at remsadailjtgi
weights, and disease duratifor Dairy 1.DALact calculations for dead and culled cows,
disease, and total value aiso reported. The category with greatest time lost was attributed to
mastitis with 29,779 days. Pneumonia had the next greatest time lost (13,571 days) followed by

displaced abomasum (12,275 days).
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Table 9: Death, culling, and disease DALact calculation for Dairy 1

Count Avg DIM DAlact days Count Avg DIM DALact days Disability Duration Prevalence DAlact Total DALact

Disease (dead) atdeath (dead) (cull) atcull (cull) Weight (days) cases® Disease™ (days)
Calving injury 18 4 6,948 N/A N/A N/A 0.57 2 N/A N/A 6,948
DA 22 43 7,634 14 68 4,508 0.60 3 3% 133 12,275
Diarrhea 7 60 2,310 1 42 348 0.40 2 2% 39 2,697
Musculoskeletal Injury 16 78 4,992 8 115 2,200 0.63 5 N/A N/A 7,192
Ketosis 3 17 1,119 N/A N/A N/A 0.47 2 4% 92 1,211
Lame 5 39 1,755 25 100 7,250 0.53 5 17% 1108 10,113
Mastitis 8 111 2,232 109 157 25,397 0.53 5 33% 2150 29,779
Metritis 4 13 1,508 N/A N/A N/A 0.47 4 13% 601 2,109
MF 3 8 1,146 N/A N/A N/A 0.53 1 1% 8 1,154
Pneumonia 9 66 2,916 35 94 10,360 0.60 4 5% 295 13,571
RP 1 4 386 N/A  N/A N/A 0.37 2 5% 91 477
Other*! 64 N/A N/A 442 N/A N/A N/A N/A N/A N/A N/A
Total 160 634

6.5 deaths per 100 cow lactations

ABased on 3,545 total event cases throughout study

~Based on 2,459 total enrolled cows for study

*Other deaths notcalculated in DALact include bloat, down, disease, hemorrhagic bowel, human error, Johnes disease, and unknown

' Other culls not calculated in DALact include abort, anysickness, disease, Johnes disease, low production, and reproductive

Table 10 reports death and culling according to assigned disease, averagardikyatin
removal, disability waghts, and disease duration foaiBy 2. Also reported is the DALact
calculation for dead and culled cows as well as for disease and the total DAu&ctoradach
disease. The highest DALact for any disease was 23,917 days lost due te.nfastitotal value
included 1,725 days lost to death, 20,664 days lost to culling, and 1,528 days lost due to disease.
The next disease with greatest time lost was lameness with a total of 9,98#stadyseumonia

had the third greatest time lost with 8,720 days lost.
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Table 10: Death, culling, and disease DALact calculation for Dairy 2

Count Avg DIM DALact days Count Avg DIM DALact days Disability Duration Prevalence DALlact Total DALact

Disease (dead) atdeath (dead) (cull) atcCull (cull) Weight (days) cases Disease™ (days)
Calving injury 17 2 6,596 N/A N/A N/A 0.57 2 N/A N/A 6,596
DA 11 25 4,015 10 40 3,500 0.60 3 2% 87 7,602
Diarrhea 4 112 1,112 8 109 2,248 0.40 2 4% 80 3,440
Musculoskeletal
Injury 19 120 5,130 4 75 1,260 0.63 5 N/A N/A 6,390
Ketosis 4 18 1,488 N/A N/A N/A 0.47 2 3% 74 1,562
Lame 7 75 2,205 22 146 5,368 0.53 5 35% 2,361 9,934
Mastitis 5 45 1,725 84 144 20,664 0.53 5 23% 1,528 23,917
Metritis 4 10 1,520 2 22 736 0.47 4 10% 468 2,724
MF 2 3 774 N/A N/A N/A 0.53 1 1% 9 783
Pneumonia 17 75 5,355 12 128 3,144 0.60 4 4% 221 8,720
RP 2 3 774 N/A N/A N/A 0.37 2 6% 117 891
Other*! 55 N/A N/A 448 N/A N/A N/A N/A N/A N/A N/A
Total 147 590

5.8 deaths per 100 cow lactations

ABased on 3,440 total event cases throughout study

~Based on 2,533 total enrolled cows for study

*Other deaths not calculated in DALact include cancer, down, hemorrhagic bowel, human error, and unknown

' Other culls not calculated in DALactinclude abort, anysickness, body condition, disease, Johnes disease, junk, kick, low production, reproductive,

'udderand unknown

Table 11 reports death and culling according to assignedsgisaverage days in milk at
removal, disability weights, and duration for each diséasPairy 3 DALact calculations for
death, culling, and disease are also included. Mastitis was found tchkayeatest time lost at

36,183 days. The next categovith greatest time lost was lameness with 29,912 days.
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Table 11: Death, culling, and disease DALact calculation for Dairy 3

Count Avg DIM DALact days Count Avg DIM DAlact days Disability Duration Prevalence DALact Total DALact

Disease (dead) atdeath (dead) (cull) atcull (cull) Weight (days) cases® Disease™ (days)
Calvinginjury 9 2 3,492 N/A N/A N/A 0.57 2 N/A N/A 3,492
DA 11 19 4,081 N/A N/A N/A 0.60 3 3% 113 4,194
Diarrhea 11 81 3,399 N/A N/A N/A 0.40 2 1% 24 3,423
I'\:j”j:y”'OSkeletal u 87 7272 3 71 16,907 0.63 5 N/A N/A 24,179
Ketosis 4 10 1,520 N/A N/A N/A 0.47 2 0% 4 1,524
Lame 10 127 2,630 79 169 25,201 0.53 5 35% 2,081 29,912
Mastitis 8 81 2,472 100 136 31,900 0.53 5 30% 1,811 36,183
Metritis 10 19 3,710 N/A N/A N/A 0.47 4 13% 528 4,238
MF 2 5 770 N/A N/A N/A 0.53 1 1% 14 784
Pneumonia 21 102 6,048 12 158 3,828 0.60 4 2% 101 9,977
RP 0 N/A 0 N/A N/A N/A 0.37 2 7% 117 117
Other*! 72 N/A N/A 354 N/A N/A N/A N/A N/A N/A N/A
Total 182 598

8.1 deaths per 100 cow lactations

ABased on 3,362 total event cases throughout study

~Based on 2,241 total enrolled cows for study

*Other deaths not calculated in DALact include bled out, bloat, down, disease, hemorrhagic bowel, human error, Johnes disease, septicemia,
*ulcer, and unknown

'Other culls notcalculated in DALact include anysickness, disease, low production, record not to be used, and reproduction
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3.5 Discussion

The decision to cull dairy cows is one that differs fdoyrfarm as well as by individual
animal. The two main reasons for culling are biologic and economic and &éegtaalways
easy to distinguistSome cows are culled due to low milk production and others for bialogic
reasons. The criteria that areed to determine if an animal shobklculledfor economic
reasons often doesn’t follow a specific process antbitlyinfluenced by the perception of the
manager or owner at the time of the deciglaghenbauer and Oltjen 1998iologic issues are
another reason f@n animato be culled from the herd. Thesanmanifest atameness,
mastitis, chronic, repeated illness, or other incurable disease stataby ths is also based

partialy on the intuition of the herd manager.

The thredarms that participated in this study are all owned and operated withehé int
of managing them similarly. The biggest category for all tdeeges culling data was low
production, whiba is aneconomic decision. The thréairies use the same criteria for culling an
animal with low milk production, assuming there are replacement aniaradac¢h farm. Dairy 1
culled 634 animals tbughout the study period and%6f those left because of low il
production. The second biggest contributor teasy sickness’(19%) followed by mastitis
(17%). Dairy 2 culled 590 animals, wheréb4eft due to lav milk production followed by 14%
for mastitis. Daiy 3 culled 598 animals with 50%aving due to low miK production followed
by mastitis (17%). It is not surprising, however, that the percentage of low prodawitioals
leaving the farms varied. The final decisionswaade by a different pens at each farm, even if
there was a specific breakwen point for milk. Underlying information regarding the reasons for
leaving werdifficult to determine based on the current single code system used on anaes. d

According to a 1996 NAHMS dairy report, the main reasons for culling an animal were
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udder/mastitis,@productive problems, poor production, and lameness (Centers for Epidgmiolog
and Animal Health 1996Based on this information, the apparent reasons for culling on the
participating farms seem to be similar te tiest of the country. However, in order to understand
more about animals that are removed, more information weadd to be included in culling

codes.

Dairy cow morbidity is often recorded in various ways on farms. Herd management
software is used on many dairies to better track prevalence of diseases on tbdifatplaces
of focus and improvement. As transparency on farms is increasingly becamissyea to the
public and farmer, improved methods of recording and analyzing disease data should be an
integral part of management. Tracking disease prevalence in this project waislessen
calculating the DALact. Ujpo-date and accurate records of disease occurrences are a crucial part
of calculating the time lost due to a given disease. Using the farm’s diseasemrevaimbers
customizes the time lost for that farm. When combined with disatiétghts and duration, it

gives an additional picturaf the disease and death issues on the farm.

Dairy 1 had 3,545 health events throughout the study period. Of those evestits
was the most frequeat 33%6 of all cases, followed bpamenes$17%) and then abortions
(15%). When cows that had fldictations were analyzed, the results were similar with the
exception of the third highest disease. Mastitis was stilintbst common diseastllowed by

lameness, then metritis.

These disease prevalence numbers were used to calculate the DALacbrBdisedse
DALact numbers alone, mastitis caused the most time lost (2d/S) followed by lameness
(1,108 days) and then metritis (601 days). The @#elact for mastitis came t@9,779days

lost The next highest loss of time was attributeghpneumonia with 13,57days lost. Displaced
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abomasunaccounted fothe third highest loss of time with 12,275 days lost. Musculoskeleta

injury deaths made up 10% of cowstldied on the farm. This event, unfortunatalgs not

recorded as a disease (i.e. it only served as a culling or death category) and isreat sheald

be addressed in managerial efforts to reduce the number of deaths due to injuries. In addition, the
disability weight for this event is the greatest, indicating that npaoyple agree thétcan be a

fairly severe injury and lead to death. This high disability weigltbmbination with a long
diseasaluration and high prevalence suggests injuries should be consiléunade

management discussions

Dairy 2 totaled 3,44@isease eventhroughout the study period. This ddgd lameness
as a bigger problem than mastitis. 35% of all cases were lameness cases compéeddrto 23
mastitis. Abortions came in third 82%. Full lactation data showsimilar results. Lameness
was almost 50% of all cases in full lactation cows, followed by maatiigshen by metritis.

Abortions were lowein the full lactation data for the same reason as for Dairy 1.

When combied into the DALact calculation, mastiascounted fothe greatest time lost
with 23,917 days lost followed by lameness (9,934 days lost) and pneumoniad@yg2®ost
of mastitisdays lost can be attributed to the number of cows that were culled due isetheed
84 cows were culled equating20,664 days lost. Pneumonia hadriest days lostlue to
deaths (5,355). Pneumonia should be involved in future health discussions because it was the

second highest days lost for deaths behind calving injury (6,596 days lost).

Dairy 3 had 3,362 disease events throughout the study.i3é¢eesd category with the
most cases was attributed to lameness (35%) followed by mastitis (3098t metritis
(13%).When calculated in the DALact, Dairy 3 had mastitis as the disease with thdayest

lost (36,183ay9 followed by lameness (29,9H2ys lost and finally by musculoskeletal injury
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(24,179 days lost). At this dairy, injury was the third highest days lost category due tdithe hig

number of cows culled due to injury (16,907).

The goal of this methodology is to provide a different @walpoking at the problems that
arise on a farm other than simply taking monthly incidesrgerevalencelata. Highlighting
certainproblemareas in health, removal, and death data would provide the farm with a new layer
of insight into increased animal welfare awareness and potential farm enaestgadjustments.

The hope is that this measurewld lead to overall increased health of dairy herds which in turn
hasthe potential to increase fanpnoductivity and efficiency. Better records, necropsies, and
sygematic, specific information will provide the feedback that is desiygtidofarm;however,

that cannot be the full scenario when information is missing.
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CHAPTER 4 DISCUSSION OF DALACT METRIC

The World Health Organization developed the disabditjusted life year (DALY) to
guantify the current impacts, future risks, and burden of human morbidity and mortality at a
global level in order to assist in public health prioritizatipturray and Acharya 1997).
Comprised of healthy years lost to death and disease, the DALY aireattlitte health
outcomes as like” in order to incorporate a balanced and comparable metsuosteffective
public health policy focused on wddking that is useful within regions and across the globe
(Murray 1994) The DALY methodology used in recent research spans multiple disciphides
has been coupleslith predictive models for benchmarking and reporting, assisted in
assessments of current cefiectiveness of public health interventions, and even provided the
framework for estimating the burden of disease for a given food additalenciaMendoza,

DanesadlSantos et al. 201 ¥eeramany and Mangalam 20D4&kobsen, Granby et al. 2016).

Many health measures use incidence and prevalence rates to describe the presence of
diseases and death that are often specific to a particular entity. An examplelisthat
examined the use of DALY methodology on health impacts of microb&dtioh risks in water
reuse systems. That study highlighted that traditional measures us®mfates calculated by a
betaPoisson or exponential model which do not account for different population characteristics,
severity, duration, or aftenfection total health los&Gao, Chen et al. 2016yhe DALY
specifically incorporates the severity of a disease into the DALY calcukitiongh the use of
disability weights and standardized duration times for diseases\iol@ra more comprehensive

assessment of the effects of given diseases and injuries.
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The human DALY attempts to incorporate ceffectiveness and welleing into a single
health loss measure by quantifying premature death and combiningi#ttaseith nonfatal
health outcomes and injuriéSold, Stevenson et al. 2002)hese principles were the inspiration
behind developing such a metric for dairy cow morbidity and mortétityeasing levels of
dairy cow mortality and morbidity have been recorded in the last coupleadeand are
inherently linked to animal welfare and fatavel economic concerrfhomsen, Dahl-Pedersen
et al. 2012Alvasen, Jansson Mork et al. 2QT4evisi, Zecconi et al. 20144cConnel, Lombard
et al. 2015) Couple the aforementioned with increased public concern regarding antilsiet
and residues and there is a sound argument for developing novel vaagess and mitigate

dairy cow death and diseag€&revisi, Zecconi et al. 2014/entura, von Keyserlingk et al. 2015).

In order to adapt the DALY metric for potential application to dairy fazoords, a few
components needed to be developed. The first being the derivatisalofity weights of
diseases through a survey of experts in the dairy industry. An expert was defined as a farm
manager, producer, or veterinarian with experience in dairy cow health and managem
Experts were asked to assess the impact on an animaltk and production of 12 common
dairy cow diseases from 0 (healthy) to 10 (dead) using a minimum, maxiamgrmost likely
ranking. These results were analyzed using a Pert distribution to @si@ipiedian most likely
value that was used in the diseasgusted lactation yield (DALact) calculation as a disease’s

assigned disability weiglft¥an Hauwermeiren and Vose 2009).

Two other important components of the DALacg standardized acute durations of
diseases and diarm prevalence of those diseases. Acute durations for 12 diseases were
researched in veterinary medicine textbooks and journal artittesyerford 1990Warnick,

Janssen et al. 200Divers, Rebhun et al. 20pRadostits and Done 200Kahn, Line et al.
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2010) Onfarm prevalence data were obtairfean 3 Kansa®ased dairies that were owned and
operated by a single family but in separate locales. For a period of 17 months, cows that
freshened were enrolled and health events, deaths, and culls of those cetwacked until the
end of the study. Individual cow health, death, and culling records were imported from herd
management software (Dairy Comp 305, Valley Agricultural Software, 2016) into Microsoft
Excel (2010) and organized based on outcome: presdatmnwith disease events, present on
farmwithout disease events, died-famm, or sold. Mortality, morbidity and culling data were
combined with disability weights and acute durations of disease to ¢alauiatal DALact value

for days lost due to a given disease.

Much like the human DALY, the use of this metric is not without drawbacles DRLY
metric’s critics have issues with ethical implications, lack of supmpprevalence data in some
areas of the globe, and reliability of mortality recopéisand and Hanson 199Zooper,
Osotimehin et al. 1998While not all of the human DALY’s concerns are shared with the dairy
DALact, there are a few components of the DALact that need to be addressed in the dairy
industry as a whole and shifting a paradigm is not easily achievable. Theyrsthasild work
towards improving cow removal records and morbidity data in order to gain more information
that allows farmers to be proactive as opposed to reactive. In order wesgauhinformation via
the DALact, records need to provide an accurate representation of farms’ diskes@a@vals

(culling and death).

One of the areas for the DALact to investigate in the future may be measurindgaive fol
on effects of diseases (sequelae) and chronic states frehooaltto adulthood. The DALY
incorporates a set of escalating classes describing the loss of welfare/sd\disgase into

disability weightgMurray 1994) As the severity gets worse, the class for that disease increases
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alongwith the disability weight. Future consideratsdor the DALact couldnvolve deriving
classes that assess levels of severity or sickness in calves that are conthinestasespecific
disability weights in adult cattle. Accounting for reduced health in cahagscould carry on into
adulthood might assist in managemehindividual animals once they enter the herd as lactating

Ccows.

Similar to the DALY’s multifactorial use across disciplines, speally in costeffective
analyses, the DALact may provide dairies with another level of economiegstiatthe future.
Oostvogels et al. suggests that the purpose of the DALY irefiestive analyses is to provide
comparability and to combine time lost with c@@bstvogels, DaVit et al. 201%. Assigning
costs to diseases and injuries can proth@dramework for resource allocation in the future,
evaluate current interventions, and provilde basis for standard procedures and strategies (
2000) Costs can be direct or indirect. Direct costs are tangible such as medicindised i

costs are less tangible such as missed days of productive work.

The same costs can apply at a dairy farm. Direct costs involved with a disezess [ino
a dairy cow include price of medicine, to$labor, lowered milk productiorfPostdisease
effects such as reproduction issues and lower peak milk, as well as sequelaediredlcwsts
andless tangible. Galligan argues tHat, dairy producers to be sustainable in the future, overall
herd performance andanagement must operate at an optimiewel. Running an operation in
any less than optimal state is economic opportunity lost and couldygrestlithe busess
(Galligan 2008. The DALact in the future may perhaps be combined with the direct, indirect,
opportunity and dollar costs on dairies to provide a more comprehensive measure of all costs,

welfare implications, future possibilities and time lost due to gtitmal health states on a farm.
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If the dairy industry continues to be pressured to become more transphagges with
heath and mortality recording will need to occur. Animal welfateramain a concern for the
public and industry members alike, as will cost effective strategies tthegssddifferent
management techniqu@gentura, von Keyserlingk et al. 2019)he DALactmeasure will be an
ongoing project, similar to the DALY, which will add value to dairggucer’s management,

animal welfare, and economic strategies.
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APPENDIX A

EXPERT OPINION SURVEY
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Part 1: Background Information

Please write your title (Producer, Manager,
Veterinarian):

Primary state and country of operation/practice:

If producer/manager, please write humber of milking cows:

Years in operation/practice

Part 2: Severity of Disease

2.1. On a scale of 1 -10, please rank the severity of the following diseases in terms of their

impact on dairy cow health and milk production. Rank a minimum, maximum, and most
likely impact for each disease based on your experience with individual cows in your
herd.

For example, Pinkeye cases may minimally cause mild irritation and no drop in milk
production. This might be ranked a one (1). Maximally, Pinkeye may lead to removal of
the eye, a significant impact on milk production, but not euthanasia or death. Thi s might
be ranked a four (4).The most likely outcomes of Pinkeye are corneal scarring and an
insignificant impact on milk production. This mi ght be ranked a two (2). In some cases,
most likely could be equalto minimum or maximum.

Disease o e
1 2 1345|678 9 10
Pink Eye | X X X
Calving Trauma
Diarrhea
Ketosis

Lame (hoof only)
Left Displaced Abomasum
Mastitis
Milk Fever
Metritis
Musculoskeletal injury (leg,
hip, back)
Pneumonia
Retained Placenta
Right Displaced Abomasum
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Part 3: Likelihood of Culling

Please classify the likelihood of culling an animal with a specific disease because of that
disease usinga minimum, maximum, and most likely ranking.

For example, Johne’'s Disease may lead to different culling outcomes dependent upon

the disease severity and dairy management goals. A minimum of 20% and a maximum of
100% of Johne’s positive cows might be culled because of the disease. Howev er, the
most likely outcome might be that 60 % of Johne’s positive cows are culled because of
Johne’s.

3.1. For the following table, consider cows less than 60 days in milk and not pregnant. Again,
in some cases most likely could be equal to minimum or maximum. If you have no experience
with a disease, please use N/A, not applicable.

Disease N/A | 10% | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100%
Johne’s Disease X X X
Calving Trauma
Diarrhea
Ketosis

Lame (hoof only)

Left Displaced Abomasum
Mastitis (contagious)
Mastitis (environmental)
Milk Fever

Metritis

Musculoskeletal Injury (leg,
hip, back)

Pneumonia

Pyometra

Right Displaced Abomasum

3.2. 60-200 days in milk and not pregnant

Disease N/A | 10% | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100%

Diarrhea

Lame (hoof only)

Left Displaced Abomasum
Mastitis (contagious)
Mastitis (environmental)
Musculoskeletal Injury (leg,
hip, back)

Pneumonia

Pyometra

Right Displaced Abomasum
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Part 3 Continued:

3.3. 60-200 days in milk and pregnant

Disease

N/A

10%

20

30

40

50

60

70

80

90

100%

Abortion (during this
lactation)

Diarrhea

Lame (hoof only)

Left Displaced Abomasum
Mastitis (contagious)
Mastitis (environmental)
Musculoskeletal Injury (leg,
hip, back)

Pneumonia

Right Displaced Abomasum

3.4. Greater than 200 days in milk and not pregnant

Disease

N/A

10%

20

30

40

50

60

70

80

90

100%

Diarrhea

Lame (hoof only)

Mastitis (contagious)
Mastitis (environmental)
Musculoskeletal Injury (leg,
hip, back)

Pneumonia

Pyometra

3.5. Greater than 200 days in milk and pregnant

Disease

N/A

10%

20

30

40

50

60

70

80

90

100%

Abortion (during this
lactation)

Diarrhea

Lame (hoof only)

Mastitis (contagious)
Mastitis (environmental)
Musculoskeletal Injury (leg,
hip, back)

Pneumonia
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Part 4: Cost of Disease

4.1. Please rank the top five (5) most expensive diseases on a dairy. Use a 1 -5 scale,
where a score of one (1) is the least costly disease and a score of five (5) is the most
costly. Each number should appear only once. For the purpose of this question, please

consider expenses consisting only of labor, treatment costs, and milk production los t.
Disease 1-5
Abortion
Calving Trauma
Diarrhea
Ketosis

Lame (hoof only)

Left Displaced Abomasum

Mastitis

Milk Fever

Metritis

Musculoskeletal injury (leg, hip, back)
Pneumonia

Retained Placenta

Right Displaced Abomasum

Thank you. Your time and input is greatly appreciated.

Please send questions and comments to Dr. Craig McConnel, DVM
(craig.mcconnel@colostate.edu ) and Ashleigh McNeil ( aamcneil@rams.colostate.edu ).
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