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BOVINE MASTITIS






BAYESIAN EVALUATION OF BUDGETS FOR ENDEMIC DISEASEONTROL; AN
EXAMPLE USING A MANAGEMENT CHANGE TO REDUCE MILK SMATIC CELL
COUNT EARLY IN THE FIRST LACTATION OF IRISH DAIRY ©WS

S.C. ARCHER, F. MC COY, W. WAPENAAR, AND M.J. GREEN

SUMMARY

Reducing the prevalence of heifers with a high moknatic cell count (SCC) early in the
first lactation could be achieved through herd lemanagement changes during fire- and
peri-partumperiod, however the cost effectiveness of intetie@s is unknown. A synthesis
of multiple sources of evidence, accounting foriakaitity and uncertainty in the available
data is invaluable to inform decision makers arolikely economic outcomes of investing in
disease control measures. Evidence was synthesm®ad2 separate statistical models and
previous research, with the outcome for an indi@ldcow or herd assessed in terms of
changes in lifetime milk yield, and disposal ridlo extend the analyses of Archer et al.
(2014), a single intervention was tested; stordgeedding material inside. Budgets for the
intervention were determined for different decisioakers based on their minimum expected
return on investment, and risk aversion.

INTRODUCTION

For 50% of Irish dairy herds, reducing the preveéenf heifers with high milk somatic
cell count (SCC) between 5 and 30 days in milk (PMWbuld be associated with savings
through increased longevity, and lifetime milk d€Archer et al., 2013b; c). A reduction in
the prevalence of heifers with high SCC early ictddon could be achieved through herd
level management interventions targete@rat andperi-partumheifers (Green et al., 2008).
Previous studies have identified risk factors fastitis in heifers (De Vliegher et al., 2012),
but the cost and efficacy of particular managenokr@inges have yet to be evaluated in the
field. Although data on the likely cost effectiveseof management interventions is
unavailable, combinations of management intervestisave been simulated to investigate
the likelihood of particular scenarios (Archer &t 2014). This information has highlighted
the importance of understanding the characteristidhe people making decisions, in order
to decide if interventions may be cost effective.

Uncertainty and variability in parameters can badbked with a Bayesian analysis, in
which prior knowledge is combined with data obtdirieom a particular study to generate
posterior probability distributions for outcomesatinepresent the updated state of knowledge,
and are inherently useful for decision makers (§giealter et al., 2004; Bolstad, 2007). As a
further aid to decision making, the Bayesian apgmoean be extended by using micro-

" Simon C. Archer, University of Nottingham, SchebNeterinary Medicine and Science, Sutton Boningto
Campus, Leicestershire LE12 5RD, UK. Email: simorhar@nottingham.ac.uk
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simulation to generate posterior predictions fortipalar scenarios. The trajectory of
individuals is modelled as if a carefully contrall&gial has been conducted, varying only the
exposure of interest. This approach is useful wéwh a trial would be impossible or very
expensive (Archer et al., 2013b; c). The aim wasuse micro-simulation to determine
budgets for a single management intervention tarobheifer mastitis in Irish dairy herds,
and compare for different decision makers.

MATERIALS AND METHODS
Overview

To extend the analyses of Archer et al. (2014),i@aysimulation was used for a partial
budget analysis to estimate the likely economicactf a single intervention to reduce SCC
in Irish dairy heifers between 5 and 30 DIM (SC@1il)erms of change in lifetime milk yield
and cow disposal risk (Fig. 1). Potential financsalvings associated with applying the
intervention were estimated from the mean diffeecindifetime milk yield, and disposal risk
at herd level with and without the intervention rizeiapplied. The probability of cost
effectiveness, and maximum rational spend for irmgleting the change was estimated for
different decision makers based on their willingntspay.

Vague prior distributions
. Data oA "
| Data and priors l for parameters
. Litetime milk vield Cow digposal
b Bayesian models -
3 Micro-simulation
~ P . - 7()0 YOO e (g
Herd prevalence of heifers with [ =20% [~ 1.000 Cost before
T = 200 00C ~ells Heifers intervention
SCC1 = 200,000 cells/mL ~[ =300 —
4 Previous research - . -
Changein SCC1 |—
on management <
interventions R
1~QQO > Cost after
5 Determine budget Heifers itervention
for different
decision makers / Risk aversion
Decision makers \
Willingness to pay Intervention budget

Fig. 1 Overview of the 1-step micro-simulation prdare (Archer et al., 2014)
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Lifetime milk yield model (Model 1)

This model assessed the association between th&, 2@ lifetime milk yield for cows in
Irish dairy herds (Archer et al., 2013b). The cmafhts from this model directly fed into the
micro-simulation are summarised in Table 1. Overalie unit increase in the natural
logarithm of (In) SCC1 was associated with a mediacrease in lifetime milk yield of 865
(95% Bayesian credibility interval (BCI) 702 to 23) kg.

Table 1. Lifetime milk yield model (in kg; Archet al., 2013b); 95% Bayesian credible
interval for parameters used in the micro-simutapoocedure

Exposure (baseline) Lower 2.5% Median Upper 97.5%
Intercept -4,819 10,950 26,260
Ln®SCCT (4.65) -1,025 -865 -702

First calving February 2007 2,979 4,418 5,832

In AFC® (6.71) -8,302 -6,906 -5,484

*Natural logarithm

PFirst test day somatic cell count record at 5 tal&@s in milk during parity 1
‘Age at first calving (days)

Cow disposal model (Model 2)

This model assessed the association between SGE spavival over a 5 year period from
2005 to 2009, for cows in Irish dairy herds (Arckeeml., 2013c). The coefficients from this
model directly fed into the micro-simulation aremsuarised in Table 2. Overall, disposal
odds increased by 5% (BCI 2 to 9%) per unit inceaadn SCC1.

Table 2. Cow disposal model (odds ratios; Archexl.e2013c); 95% Bayesian credible
interval for parameters used in the micro-simutapoocedure

Exposure (baseline) Category Lower 2.5% Median WPEes%
Intercepf -6.215 -6.215 -5.809
Ln° scCf (4.64) 1.020 1.052 1.085
TDY1° (23 kg) 0.968 0.976 0.983
TDF1° (0.04) 0.000 0.001 0.090
In AFC' (6.70) 1.770 2.263 2.930
[In intervaf]*1 (2.28) 1.260 1.361 1.473
[In interval]*2 (2.28) 1.847 1.970 2.100
[In interval]*3 (2.28) 1.198 1.247 1.298
DIM" (< 100) 100 to 199 2.642 2.939 3.264
200 to 304 5.280 5.883 6.554

®Presented on a logodds scale

®Natural logarithm

“First test day somatic cell count record at 5 ta&gs in milk (DIM) during parity 1
9First test day milk yield record (kg) between 5 &udDIM in parity 1

°First test day fat content record (proportion) w5 and 30 DIM in parity 1
'Age at first calving (days)

950 day intervals from first calving. Included adymmmials
"DIM category in the penultimate interval for eaciwc Missing category not shown
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One-step micro-simulation model

Implementation: Coefficients from Models 1 and 2reveombined with data from
theoretical cows to generate predictions of lifetimilk yield and the occurrence of disposal
within 1,750 days from first calving for the ithwan the jth herd (y.pred,

y.pred ~ p(y.preg| B, X°™), (1)

wherep is a vector of coefficient distributions (Tablesdd 2), and Xsim is a matrix of
data for simulated heifers. This included an inticavariable to denote a first calving in
February 2007 (aged 24 months), and data fronsarfiilk recording (including In SCC1) at
5 to 30 DIM simulated from observed normal disttibns based ok 20%, and> 30% initial
herd level prevalence of heifers with SCE200,000 cells/mL (Table 3). Interval specific
indicator variables were used for month of lastord;g and DIM category in the
penultimate interval. To account for variability rarameters this procedure was carried out
at each of 10,000 MCMC iterations using WinBUGS 3 @.unn et al., 2000).

Economic simulation: At every iteration, the di#ece in lifetime milk yield for each cow
in these scenarios, with or without applying thenagement interventions, was multiplied by
the estimated gross margin (Milk price — variabbsts of production) ~ Normal (mean =
0.17, standard deviation = 0.03) €/L (Hennessy.ef@11), to give the predicted difference
in milk revenue. In addition at every iteratione ttlifference in the number of cows disposed
within 1,750 days from first calving for each sceoavas multiplied by €1,451 (Kennedy et
al., 2011), to estimate replacement costs. Follgwite assumed management interventions,
the cost differences associated with increasetinieemilk yield and decreased cow disposal
risk were expressed as a mean financial value pierhin the herd (Fig. 1). Following
10,000 MCMC model simulations to investigate thél fiange of scenarios, posterior
distributions of total savings per heifer in thecha&ere plotted as a cumulative frequency
distribution to show the probability of differemJels of return in an intuitive form.

Table 3. Observed frequency of 7,423 Irish daimdheand means (variances) from 233,176
heifers categorised by prevalence of S€€200,000 cells/mL (Archer et al., 2014)

>20% > 30%
Percentage of herds  59% 26%
Ln° SCC1 4.82 (1.47) 5.06 (1.56)
Milk1 ¢ 23 (30.0) 22 (33.3)
Fat1® 0.04 (0.00007) 0.04 (0.00007)

®First test day somatic cell count record (cells/m&)ween 5 and 30 days in milk (DIM) during parity
®Natural logarithm

“First test day milk yield record (kg) between 5 &dDIM in parity 1

9First test day fat content record (proportion) w5 and 30 DIM in parity 1

Simulation of a management intervention: The mamege intervention tested was
storage of bedding material inside such that imisre likely to be dry when used. Dry
bedding is less likely to support microbial grovittan damp bedding. This intervention has
been tested in an intervention study (Green et280y7), and can be expected to lead to a
normally distributed decrease In SCC1 with a mearignce) of 0.15 (0.02; Green et al.,
2008). Draws from this distribution were addedhe simulated In SCC1 for each cow (Fig.
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1), to determine the impact of the intervention Fards with> 20%, or> 30% initial
prevalence of heifers with SC&1200,000 cells/mL.

Willingness to pay

Willingness to pay (k) is defined as the maximumoant a particular decision maker
will pay for every €1 of potential saving, and hertbe return on investment that would be
acceptable (Spiegelhalter et al., 2004). Cost &¥ietess is determined by the attitude of the
decision maker. The value chosen for k reflects thimsimum return on investment the
decision maker expects over and above the inteorenbst in order that they would consider
the intervention to be cost effective. Decision sraktypically do not divulge their
willingness to pay; therefore a sensitivity anadyisi required to evaluate how the incremental
net benefit (INB) varies with k where;

INB[K] = k x difference in savings — differencedosts, and k = (0:10) x €0.1.  (2)

Appropriate levels of spending for the control a@stitis in heifers during the pre- and
peri-partum period are unknown. Therefore, postedgstributions for the maximum
intervention cost (when INB[k] = 0) were determin€the maximum intervention cost
determines the budget available for implementing ititerventions in order that they are
considered ‘cost effective’ by a particular deamsioaker.

RESULTS

Assuming that the management of herds was changdd that bedding material was
stored inside and was dry when used, herds wiB0% of heifers with SCC% 200,000
cells/mL had 75% certainty of total savings of eddt €12 per heifer calved into the herd
through increased lifetime milk yield and decreadegposal risk. For herds with 20% of
heifers with SCCX 200,000 cells/mL there was only 28% chance thatyapg the single
management change of keeping bedding material anyldvbe associated with a saving
through reduced SCC1. The full range of possibsitis shown in Fig. 2. These savings
represent the intervention budget for a decisiokeanaho is content to at least break even
on investment. For the higher prevalence herds, 3ghows that for a given probability of
cost effectiveness, the potential budget for themagement intervention for the control of
heifer mastitis increases with willingness to pRyen with considerable variation between
decision makers, there would be potential to inugsto €4 per heifer in the herd to keep
bedding material dry in a worst case scenario whieedecision maker must be 80% certain
of a return on investment ef150% (k = 0.4). At the other extreme, the budgeti be up
to €24 per heifer where the decision maker woula@drgent to have 50% chance of at least
breaking even (k = €1; Fig. 3).

DISCUSSION

Budgets for interventions to control mastitis iniféles appear highly dependent on
decision makers’ willingness to pay, and hence etggeminimum return on investment. In
this study, a risk averse farmer with a low willggs to pay may rationally invest up to €4
per heifer calved, which could cover the cost ddibgrotection to keep bedding material
dry. At the other extreme, a farmer who is comfolgawith less certainty in the interventions
being cost effective and is more willing to pay,ulbbe prepared to invest up to €24 per
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heifer calved, which over time could make investmemew buildings and facilities feasible

(Fig. 3). Importantly, the large range of potentialdgets to implement a single specific
intervention influences what is practically achiela on particular farms. Therefore

understanding the circumstances and characteradti@mers is critical in order to facilitate

changes to improve animal health and welfare.

Probability of saving

0 10 20 30 40 50 60

Cost saving /heifer in the herd
(Euro)

Fig. 2 Posterior predictions of savings throughisgpbbedding material inside

——  50% probability
_____ 60% probability
8 R 70% probability
,,,,,,, 80% probability
E 2 -
=
=
-
5]
5 O |
'U — -
: ] e
e
- - )
o

| | | T | | |
04 05 06 07 08 09 10

Willingness to pay (Euro per Euro of saving)

Fig. 3 Impact of willingness to pay and probabilifycost effectiveness on budgets to
control heifer mastitis through storing bedding ena inside for high prevalence herds
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Farmers are known to have cost preferences foritieasterventions which effectively
weight costs based on factors such as the pratticdlimplementing the changes (Huijps et
al., 2009). Decision making is therefore complidabg variation in what is deemed ‘cost
effective’ by different individuals. Attitude tosk varies between individuals, and decisions
about implementing interventions to control diseamest be made based on a level of risk
regarding the economic outcome that is deemed taidep The expectations of farmers
when making decisions around mastitis control atenell understood, and could be affected
by their psychological, physiological, and emotiostate (Hastie & Dawes, 2001). For
instance, pride in keeping cows healthy was an rapb motivator for mastitis control in
Dutch dairy herds (Valeeva et al., 2007). It ischtr put an economic value on emotions
such as ‘pride’ attributable to controlling mastitand this could mean ‘willingness to pay’
exceeds what seems rational based on changestiméf milk yield and disposal risk alone.
As a result of variation in mastitis risk througime, the efficacy of a management change is
initially uncertain, depending on when it is apglieelative to the background risk.
Background variation in mastitis risk is likely be related to factors that influence pathogen
survival and multiplication in the environment, buas the ambient temperature, humidity,
and hygiene of housing. Alternatively, cow factstgh as metabolic stress or intercurrent
disease may influence susceptibility to mastitiserEfore, the intervention tested may not
always be ‘cost effective’ on particular farms (&meet al., 2010). Furthermore, effectiveness
of the intervention may be influenced by the mannexhich changes are applied; if carried
out poorly a small or no effect may be observed.

For the intervention to be perceived as ‘cost éffet farmers should aim to implement
the change for the least possible cost, but wibudget. However in practice, the findings
from this study only inform rational levels of expukture for mastitis control in heifers
through a single management change, and othewvémigons may be more appropriate in
different circumstances. Furthermore, the singleruention tested would likely only be cost
effective for herds that hawve30% of heifers with high SCCL1. This differs to tlesults from
a previous simulation in which 3 management intetie@s to improve environmental
hygiene forpre- andperi-partumheifers were assumed to be simultaneously apphechér
et al., 2014), as a multi-factorial approach to titiascontrol is commonly advised (Green et
al., 2007; Anon, 2013). For a holistic approachthie control of heifer mastitis, further
research should consider the efficacy, and hekedylbudgets to implement management
changes based on all known risk factors (De Vliegiteal., 2012). Other costs should be
considered, for instance the impact of reducingpievalence of heifers with high SCC in
early lactation on lifetime clinical mastitis cosééd milk quality. Clinical mastitis costs may
be partially included in the current analysis tlglouthe impact on longevity and hence
lifetime milk yield (Heikkila et al., 2012). In th@bsence of a record of SCC1, data for heifers
with clinical mastitis in early lactation were retailable, which suggests the budgets are an
underestimate.

The impact of the management intervention in this\swas based on research in English
and Welsh dairy herds (Green et al., 2007; 2008)assumed to be applicable under Irish
conditions. The magnitude of losses through higl€ 5@ English and Welsh herds were
similar to those in Irish herds (Archer et al., 20), and it is plausible the results are
generalisable to these countries. Although the tyidg models have been shown to be
useful and generalisable to other Irish dairy h€&tsher et al., 2013b; c), further work is
needed to validate the cost effectiveness anadygidbudgets presented here. Ultimately, this
requires observed data on the impact of managemtventions on SCC1 in Irish dairy
heifers to compare with model predictions. Fordbst effectiveness analysis to be useful for
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decision support in practice, it should be exteniedonsider other endemic diseases so the
relative benefits of control can be compared. A muz@tive approach to determining
priorities for investment would avoid reliance arbgective opinion (More et al., 2010), and
this would be useful for Irish farmers to informcdgons on disease control investments in
conjunction with national control plans for seveesdemic diseases (Anon, 2013). There
may be overlapping benefits of certain managembahges on multiple endemic diseases
which would make them even more economically faable. A survey of Irish farmers
would be useful to further evaluate their ‘risk esren’ and ‘willingness to pay’ for disease
control. This information would help refine budgeasd therefore identify achievable farm
management changes for validation of efficacy el studies.
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EFFECTS OF DIFFERENT MASTITIS SUPPORT STRATEGIES ONIRY FARMERS’
MOTIVATION, PREVENTION BEHAVIOUR, AND THEIR HERDSUDDER HEALTH
STATUS

M.-E. COUSIN, A. TSCHOPP, M. REIST, M. BODMER, T. KAUFMANN, /STEINER
AND B.H.P. VAN DEN BORNE

SUMMARY

This randomised field trial evaluating support t&ges to improve udder health in dairy
herds combined epidemiological and psychologicala.ddhe results allowed drawing
conclusions about the value of targeting farmerdituales towards different mastitis
prevention behaviours in future mastitis preventmmogrammes. In addition, the study
yielded insights about which support strategiesnéas would appreciate most to improve
udder health in their herds.

INTRODUCTION

Mastitis is the inflammation of the mammary glamaias the most costly disease in the
dairy industry. Mastitis situations differ betweeniry herds and a holistic herd-specific
approach is needed to improve their udder heaktasably (Lam et al., 2013). The greatest
improvement in udder health can be expected whemasy management practices as
possible are corrected into the desired directere¢n et al., 2007). Moreover, a continued
knowledge transfer is assumed to improve farmenmliance to implement more
management changes and to sustainably improve hedéh (Lam et al., 2013).

Farmers see their veterinarians as their firstoof knowledge in case of udder health
problems (Jansen et al., 2009; Lam et al., 201kp,Aveterinary herd-health management is
becoming increasingly important and the modernriedean needs to be an advice-oriented
consultant providing preventive support (LeBlanc at 2006; Lam et al.,, 2011). A
trustworthy relationship between a pro-active vateran and his/her client is assumed to be
an effective animal health support strategy (Detkal., 2012). Bringing farmers together and
letting them share and discuss their udder healffereences in so-called study groups is
another support strategy. Farmers seem more witbngccept knowledge from colleagues
(Lam et al., 2011) and this may contribute to tpamisation of the mastitis management in
their herds (Brightling et al., 2009; Lam et aD]12). However, the true effectiveness of both
support strategies in improving udder health imdaerds has not been investigated yet.

Farmers’ intention to engage in udder health mamagé might be influenced by different
factors such as attitudes towards the behaviodnjestive norms or perceived behavioural

" Marie-Eve Cousin, ETH Zurich, Institute for Envirmental Decisions (IED), CHN H 75.3, Universitagtss
16, CH-8092 Zurich, Switzerland. Email: mecousint@eth
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control. The “Theory of Planned Behaviour” (TPBzAp, 1991; Armitage & Conner, 2002)
offers a framework to study the psychological festahat influence “intention” and
“behaviour.” The importance of specific psychol@idactors in regard to udder health
management and especially in the context of diffierupport strategies has not been
investigated yet.

This study was designed as a multi-arm randomisdd trial. Its aims were 1) to quantify
the effectiveness of 3 mastitis support strategrethe prevalence of high somatic cell count
(SCC) cows by comparing them with a negative cérmgroup not receiving an intervention
(NEGCON), 2) to gain insights in which psycholodi&ctors drove farmers to intend and
implement behavioural changes in their daily mastitanagement, and 3) to determine how
the participating farmers experienced the suppwategjies. Three support strategies were
evaluated and included 1) personalised advice (RINJC 2) personalised advice and
veterinary support (VET), and 3) personalised aslviand study groups meetings
(STUDYGR).

MATERIALS AND METHODS

Based on a sample size calculation, 25 herds weeded for each study arm.
Consequently, 100 participating farms were vishigd trained veterinarians from September
to December 2011 who wrote farm-specific advicerepfor the 75 herds belonging to the 3
study arms with intervention. From January to Ddoen012, the farms were followed up
according to their group affiliation. There waseaand farm visit after 1 year to re-assess the
udder health management on all farms and to ewaldlé implementation of the
recommended management changes in the 3 study@ceiging a support strategy.

Inclusion and exclusion criteria and enrolmentasfris

Dairy herds f = 1,553) with a yield-corrected bulk milk SCC betm 200,000 and
300,000 cells/ml in 2010, a herd size>df2 lactating dairy cows at each test dai/] test
days recorded at the same location (to excludesheitth alpine pasturing) and being located
in the French and German speaking parts of Swizdrivere eligible for recruitment. One
thousand herds, stratified by breeding organisgtswiss Brown Cattle Breeders’ Federation
(n = 400), Holstein Breeders’ Federatiam £ 200) and Swissherdbook € 400)), were
randomly selected and asked to participate in tingys Of herds that responded positively (
= 140), 100 herds were selected to participatberstudy.

Randomisation and blinding

Assigning herds to the 4 study arms was done ian@amisation steps. First, 4 regions
with many farms in relatively close proximity weselected to avoid that farmers had to
travel far to participate in the study groups. Faimthese 4 regions £ 50) were randomly
assigned to the STUDYGR study arm in a ratio of THe 25 farms not assigned to this
study arm were pooled with the 50 farms from theeptegions and then randomly assigned
to the other 3 study arms in a ratio of 1:1:1. Biing was not possible in this study because
farmers had to actively participate in 1 of thesup strategies if they were assigned to one.
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Farm visits and advice report

General demographic information (e.g. herd sized thgpe and number of cubicles), as
well as information about general herd health mansmnt, including udder health
management, was collected using a standardisedi@uesre which was sent to the farmers
before the first farm visit. A visit protocol wagarately developed to collect information
about the housing system, the milking system aedniiking hygiene during milking time.
Milk samples were additionally collected from atbwes with a composite SCE150,000
cells/ml to determine the causative mastitis patingg These samples were used to classify
herds into herds with contagious mastitis problesnsjronmental mastitis problems, or both.
Based on this field work, every farmer receivedtandardised, herd-specific report with
recommendations to improve the udder health managenThe recommendations were
prioritised as the 3 most important ones, shorntstrategies, or long term strategies. The
advice reports were sent within a median numbeiOodays (range: 19-77 days;= 0) after
the farm visit. As the NEGCON study arm did noteige any report in autumn 2011, the
median number of days between the first farm asd the receipt of the report in the other 3
study arms was added to the date of the first faisit to definem = 0 for the NEGCON
study arm.

Study arms

The first study arm (NEGCON) served as a negatrdrol group and did not receive any
support during the project. The farms were viséed their udder health management was
observed but they neither received an advice rerany actively organised follow-up.

The second study arm (POSCON) served as a posiivieol group and only received the
advice report in autumn 2011. No follow-up was\af organised in 2012 but the farmers
were allowed to contact the research team or tledarinarian at their own initiative.

The third study arm (VET) received an advice reobithe start of the study and monthly
visits of their own private veterinarian during tf@low-up period. During these monthly
visits, veterinarians were requested to identifywilgeinfected cows in the herds by
performing a Californian mastitis test and, subsedjy, taking milk samples for
bacteriological examination on all cows with a ngwbmposite SCG150,000 cells/ml. If
guarters were infected with a major pathogen, #tennarians were requested to treat them
with any registered antimicrobial product commdtgiavailable for treatment of mastitis.

The fourth study arm (STUDYGR) received a followthat was conducted by organizing
study group meetings in 2012. Approximately everymd®nths, the research team, in
collaboration with an experienced study group matber organised study group meetings on
udder health for the participants. During thosefaom meetings, farmers continuously
discussed the advice that was given. Moreover, W educated about different topics of
mastitis, such as milking technique and milkingieyeg, diagnostics, feeding, therapy, etc.

Collected data and definition of outcomes for thielemiological evaluation of the field trial

Prevalence of high SCC cows: Monthly composite S@afa from January 2010 to
December 2012 from all cows of all participatingdewere obtained from the 3 Swiss
breeding organisations. These data were used toatgdahe monthly herd level proportion of
cows with a composite SC€200,000 cells/ml, which was defined as the prin@aricome of
this study.
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Implementation of recommendations: At the secosit 1o the herds, the implementation
of the recommended management changes was asssssedecondary outcome in the 3
study arms receiving a support strategy. It wasrdahed whether recommendations to
optimise udder health were fully, partially, or nonhplemented, based on on-farm
observations by the project team or discussionis thi farmers.

Collected data for the psychological evaluatiotheffield trial

All participants were asked to fill out two psycbgical questionnaires; one at each farm
visit separately. Both questionnaires assessegdayehological variables that are used in the
“Theory of Planned Behaviour.” Previous researcbwsdd the importance of choosing
specific behaviour. Therefore, the questionnaireused on three behaviours that are
important for preserving a good udder health: naamng a high level of health status of the
herd, preventing the transmission of bacteria fomw to cow by applying hygienic working
procedures, and keeping the environment of animsllygienic as possible. The items for
the scales about attitude, perceived behaviouratra@lp intention, and behaviour were
formulated accordingly. Three scales were usedradigiing variables for “intention” (3
items), “attitude” (6 items), “subjective norm” {{&ms) and “perceived behavioural control”
(4 items). The depending variables were “intentiantl “mastitis prevention behaviour” (2
items). In the second questionnaire, an addititr@ddaviour scale (“behaviour in the past
year,” 4 items) was added asking specifically aliet behaviour during the intervention
study. Finally, participants were asked to evalusie project at the end of the second
guestionnaire (Table 6). All items were measuread @nApoint Likert scale. Table 1 shows the
final items and scales and gives information alibatreliability (Cronbach’s Alpha) of the
scales which was acceptable or good, except fosdake “mastitis prevention behaviour”.

Statistical analysis

Herds needed to have a yield-corrected bulk milkCSg&tween 200,000 and 300,000
cells/ml in 2010 to be eligible to participate mst study. However, many herds improved
their udder health status between 2010 and the @fn#he first visit in autumn 2011.
Therefore, the average yield-corrected bulk milkCSi@ the 6 months before receiving the
advice reportrg = -6 tom = 0) was used to define herds with a higR(0,000 cells/ml) or a
low (<200,000 cells/ml) bulk milk SCC status at #tart of the studyn= 0).

The effect of the 3 support strategies on the migritard level prevalence of high SCC
cows was estimated using population-averaged neghimomial regression models with an
autoregressive correlation structure to correctrépeated measures within herds. The study
period was defined to range from the 6 months leetioe receipt of the advice repart € -6)
to 12 months after the receipt of this repont< 12). The number of cows with a composite
SCC>200,000 cells/ml at a certain test day was used @spendent variable in the model
while the natural logarithm of the total numbercofvs at a certain test day was used as an
offset. Study arm (NEGCON, POSCON, VET, STUDYGRripd (-6<m<0,0<m<4,4
< m < 12), bulk milk SCC status (high SCC, low SCC) aildtheir interactions were
evaluated. The 3 study arms with a support strategyg combined into 1 intervention study
arm (INTERVEN) if no statistical differences wedentified between them.

The implementation of recommendations was evaluatsihg population-averaged
multinomial logistic regression models that coreectfor clustering of recommendations
within dairy herds. The degree of implementatioot(rpartially, fully) was used as the
dependent variable in these models. Study arm,gegteof recommendation (milking
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machine, milking hygiene, environment/housing, msriod, or other), prioritisation of
recommendation (3 most important ones, short teyng term), and bulk milk status eit= 0
were evaluated as covariates in the models.

Table 1. Final items and scales for the TPB-mast=lle reliability ¢), mean i), and
standard deviatiorSD) before and after the intervention

Scales and items Before  After
Attitude®

To me, keeping my animals’ health status as higboasible, is... .806 .902
To me, working hygienically in order to reduce trensmission of M: 6.42 6.58
germs and bacteria from cow to cow, is ... SD: 0.58 0.58

To me, keeping the animals’ environment as hygallyidlawless  range: 3.7-7 4.3-7
as possible, is...

Subjective norms o .846 .904
Most work colleagues, who are important to me dwelithat it is M: 5.88 6.02
important... SD: 0.88 0.93
... to keep the animals’ health status as high asilples range: 47 3.7-7

... to stop the transmission of germs and bacteoia ftow to cow.
... to keep the animals’ environment as hygienicafiypossible.

Perceived behavioural control o 724 .569
If | pay more attention to my animals’ health sgtlucan reduce the M: 5.28 5.26
bulk milk somatic cell count in the long term. SD 1.02 0.86
If I stop the transmission of germs and bacteoanfcow to cow, | range: 2.75-7  3.2-7

can reduce the bulk milk somatic cell count inlthveg term.
If | keep the animals’ environment hygienicallyfligss, | can
reduce the bulk milk somatic cell count in the ldagm.

If | do more for udder health, | can reduce thebullk somatic cell
count in the long term.

Intention o 745 .863
| want to keep my cows’ health status as high asipée. M: 6.20 6.35
| want to stop the transmission of germs and becfsesm cow to SD: 1.22 0.78
cow as much as possible. range: 1.5-7 2.33-7

| want to keep the animals’ environment as hygiaihyas possible.

Mastitis prevention behaviour o 416 574
| think, | react adequately to mastitis cases inhragd. M: 4.79 3.95
Recently, | consequently have implemented measgainst SD 1.22 1.27
mastitis on my farm on a daily basis. range: 1.5-7 1-7
Actual behaviour in the past year o - .838
In the past year, | have ... M: - 5.04
... supervised my cows’ health status much more tiedore the SD: - 1.13
project. range: - 2-7
... actively promoted my cows’ health status muchertban before

the project.

... actively prevented the transmission of germslzateria from

cow to cow much more than before the project.

... kept the animals’ environment much more hygi¢han before

the project.
®The 3 questions were asked twice with two setgaliesendpoints (1 = unimportant, 7 = important /
1 = useless, 7 = gainful), resulting in 6 items
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Moreover, farmers were asked which study arm thefepred to be assigned to during the
enrolment phase of the study. The outcome of Htnslam process (assigned to the preferred
study arm or not) was additionally evaluated aswaadate. A backwards analysis was used
to identify all covariates with a significant cabuition (P < 0.05) to the final model.

The different scales intended for the “Theory o&rffled Behaviour” and the study
evaluation questions were tested by factor ana(ysismax rotation) for their dimensionality
and with reliability analysis for the quality of éhscale (Table 1). Only factors with
Eigenvalues > 1 were used to build scales. Aftiabiity analysis (Cronbach’s Alpha), the
scales were built by calculating the means overbienging items. Variance analysis for
repeated measures (ANOVA PR) and univariate vagiaamalysis (ANOVA) were used to
assess the effects of the intervention and the dmtwgroup differences. Post hoc
comparisons (Tukey HSD) were carried out to idgntvhich groups differed significantly
from each other. In addition, Pearson correlatiansl linear regression analyses were
conducted to test the TPB-model.

RESULTS

One farmer belonging to the VET study arm was tostollow up, leaving 99 herds
available for statistical analysis. The median her@ was 33 (range: 16 - 125). At the start
of the study, 58 herds had a high bulk milk SCQustathe other 41 herds had a low bulk
milk SCC status.

Epidemiological evaluation of the field trial

Implementation of recommendations: A total of 8@6ammendations, belonging to 77
different recommendations, were given. Of those3 84 were completely implemented,
whereas 23.1% were partially and 32.6% were notampnted. No differences between the
3 study arms with a support strategy were obseriveiead, farmers assigned to the study
arm of their preference at the start of the studplemented more recommendations than
farmers assigned to another study arm (Table ZoRmendations were significantly more
often implemented if they were in the topic of ‘kailg hygiene’, ‘environment/housing’ and
‘other’ compared with the topic ‘milking machine.’

Table 2. Implementation of recommendations for ionprg mastitis management according
to the final population-averaged multinomial logisegression model

Partially Fully
implemented implemented
Variable Category OR (95%-Cl) OR (95%-Cl)
Topic Milking hygiene 2.7 (1.7-4.4) 1.8 (1.3-2.6)
Environment 3.2(1.6-6.1) 2.1 (1.2-3.5)
Dry off period 1.8 (0.8-4.4) 0.9 (0.4-1.9)
Others 11.3(4.8-26.5) 4.6 (2.1-10.2)
Milking machine Ref. Ref.
Assigned to the Yes 1.5(1.0-2.4) 1.6 (1.1-2.3)
preferred study arm No Ref. Ref.
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Prevalence of high SCC cows: No statistical difiees in the prevalence of high SCC
cows were identified between the 3 support strae@POSCON, VET, STUDYGR). They
were therefore evaluated as 1 study arm (INTERVHME final statistical model (data not
shown) identified a significant 3-way interactiar between bulk milk SCC statusmat=
0, period, and study arm (INTERVEN vs NEGCON). Tserved prevalence of high SCC
cows is therefore presented in Fig. 1 to facilitaterpretation.

35
33

s & ;/\
2 A

23

j;/\\v/,\\i/ =

8 9 10 11 12
Month relatlve to sendlng the report

Prevalence of high SCC cows

Fig. 1 Prevalence of high SCC cows in herds witigh BMSCC status ah = 0 in the
NEGCON @) and INTERVEN Q) study arms and in herds with a low BMSCC status a
0 in the NEGCONTf) and INTERVEN ¢) study arms

No significant difference in the prevalence of hig8C cows between the INTERVEN
study arm and the NEGCON study arm in the herds aihigh bulk milk SCC status at=
0 was identified. However, an intervention effe@swobserved in the herds with a low bulk
milk SCC status amn = 0. The prevalence of high SCC cows in the INTERNMstudy arm
remained at a constant level in these herds, whetr@zcreased aften = 0 in the NEGCON
study arm. This became significant in the 4 to Ithths aftem = 0.

Psychological evaluation of the field trial

Table 3 reports meandVf and standard deviatiorSD), univariate variance analysis
(ANOVA), and variances analysis for repeated mess(NOVA RP) for the scales used in
the TPB-model before and after the intervention.

The univariate ANOVAs for the first questionnaiteefore) revealed that there were no
group differences except for the attitude scalest Poc tests revealed that the POSCON
study arm had a significant lower positive attitudan the STUDYGR study arm. After the
intervention the study arms differed again in thaititude, additionally in their “mastitis
prevention behaviour” and their reported “behavionrthe past year.” The VET and
STUDYGR study arms reported significantly highergagement in mastitis prevention
behaviour than the NEGCON study arm. The POSCOMNysamm differed neither from the
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NEGCON, nor from the other two study arms in tleéispect. In regard to the behaviour in the
past year all study arms reported a significanijhér engagement in mastitis management
than the NEGCON study arm.

The variance analysis for repeated measures cosdptigee parts (see last column in
Table 3). The two factors time (T), study arm (S#d the interaction term (IA) between
those factors were analysed. The factor “time” skawgignificantly increased “attitudes”,
“intention”, and “mastitis prevention behaviour.hd factor “study arm” showed significant
differences only for “attitude” and “mastitis prex@mn behaviour.” These results are in line
with the univariate analysis. The interaction tesimowed no significant results.

Table 3. MeansM), standard deviationSP), ANOVAs and ANOVAS RP for all scales
before and after the intervention

NEG POS VET STUDY Total ANOVA ANOVARP

CON CON GR Time (T):
Interaction (1A):

M/SD M/SD M/SD M/SD M/SD Fip Study arm (SA):

Attitude

Before 6.44° 6.2 6.34° 669 @ 6.42 3.33  T:F(1,95)=8.10p=0.01
72 .60 .53 .30 .58 .023 IA: F(3,95) =0.11, ns

After 6.63° 6.36¢ 651 681" 6.58 2.93  SA:F(3,95)=3.93p=
59 67 57 35 .58 .037 001

Subjective norm

Before 5.96 5.85 5.68 6.00 5.88 .638 T: F(1,94) = 2.53, ns
.69 .94 97 .90 .88 ns IA: F(3,94) = 0.45, ns

After 6.03 5.88 597 6.19  6.02 495 SA:F(3,94) = 0.44, ns
.89 1.08 .97 .78 .93 ns

Perceived behavioural control

Before 5.46 5.27 4.94 5.44 5.28 1.38 T: F(1,94) = 0.07, ns
.98 75 1.20 1.09  1.02 ns IA: F(3,94) = 0.52, ns

After 5.19 5.37 5.00 5.45 5.26 1.35 SA:F(3,94) = 1.54, ns
1.02 .75 71 .88 .86 ns

Intention

Before 6.21 6.11 6.14 6.33 6.20 435 T:F(1,) =4.77p=0.03
.92 71 72 .67 .75 ns IA: F(3,) =0.63, ns

After 6.28 6.20 6.26 6.67  6.35 1.89  SA:F(3,95)=1.28, ns
1.05 .75 72 43 .78 ns

Mastitis prevention behaviour

Before 438 488 477 512  4.79 1.62  T:F(1,94) = 4.07p = 0.05
1.48 1.10 .92 1.26 1.22 ns IA: F(3,94) = 0.82, ns

After 448 498" 5370 5.44 5.04 4.28  SA:F(3,94)=3.98p=

1.175 973 895 1.219 1.129 .007 0.01
Behaviour in the past year
After 3.66° 473 471 480 @ 4.47 436
152 1.18 91 150  1.37 006 .

abgyperscript letters indicate the significant diéieces identified by the post hoc tests. Differietyelrs
mark significant differences between the meansleSéa= “do not agree at all” / 7 = “agree complgte
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Predictor for intention and behaviour

In a next step, linear regression analyses werdumed to identify which psychological
factors explained the “intention” to engage in m@stmanagement and “mastitis
management behaviour.” Table 4 shows the Pearsgelaiions for all included scales at
both measurement points. “Intention” correlatednsgigantly with the three predictors
“attitude”, “subjective norm” and “perceived behawial control.“ “Mastitis prevention
behaviour” correlated only significantly with “imigon” and “attitude.”

Table 4. Pearson correlations, befdde=(98) and afterN = 99) the intervention

1. 2. 3. 4, 5.
1. Attitude before - .258* .178 714% 311**
after - .501**  .302** L7 .201*
2. Subjective norm before - .296%** A463** 124
after - 161 AB61** .184
3. Perceived behavioural control before - 347** .041
after - .367** .070
4. Intention before - .270**
after - .343**
5. Mastitis prevention behaviour before -
after -

8xp < 05; *P < .01; **P < .001

Table 5 shows the final linear regression modele $tudy arms were excluded as a
fixed effect from the statistical models since mgngicant effects were observed between
them. The regression models for both measure pelas/ed that “attitude” has the highest
predicting value for “intention,” followed by “subgtive norm” and “perceived behavioural
control”. The models explained 60% and 54% of theeoved variance of “intention.”

Table 5. Regression analysis for “intention,” befand after the intervention

Before intervention (N = 98) After intervention (N = 99)

4 t-value p 4 t-value p
Constant -1.845 .068 -0.75 .453
Attitude .619 9.308 .000 .600 7.32 .000
Subjective norm .255 3.725 .000 133 1.69 .095
Perceived behavioural control .161 2.394 .019 164 2.28 .025

2Corrected?’ = .60,F(3/94) = 50.30p = .000;" Corrected®’ = .54,F(3/95) = 39.15p = .000

Participants’ evaluation of the intervention study

Table 6 summarises the results of the evaluatioregard to the single items and the
overall evaluation scalea(= .862). The STUDYGR study arm evaluated the ptoje
significantly better than the NEGCON study arm &ritems and scales. In addition, the
STUDYGR study arm evaluated the project signifigabetter than the other study arms for
some individual items and scales. For example,igigants of the STUDYGR study arm
perceived that they significantly had learned ntben all other study arms.
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Table 6. Evaluation after the intervention: Uniaei variance analysis (ANOVA)

Total NEGC POS VET STUDY ANOVA
ON  CON GR
M/SD M/SD M/SD M/SD M/SD  \ysp

N=99 n=25 n=25 n=24 n=25 Fip

The participation in this project, ...

... has called my attention to my “blind spots.” 499408 5.04° 508 576 6.55
1.46 1.44 1.27 1.41 1.27 .000
... has helped me to improve my BMSCC 3.92 328 408 375" 450 2.66
distinctively. 1.70 131 185 175 1.66 .052
, 508 3.80 508 517 @ 6.28 12.45
... has taught me new things. 167 187 1.41 1.47 79 000
has_ given me the opportunity to exchange 379 260 288 328 6.40 30.40
ﬁxpen_ences with mastitis more often with other 291 187 1.90 1.47 71 000
ike-minded people.
L , 449 3.83° 464° 3.79° 564 7.07
... has satisfied my expectations completely. 177 161 1.80 1.89 108 000
_ 477 42F° 48 413 589 7.11
... was very profitable for me. 164 159 161 1.75 971 000
... was of no use for the udder health problems on 2.83 3.5 264" 292" 220 331
my farm. 163 170 141 180 1.38 .024
Overall evaluation 4.58 3.69 455b 43?t 5.76 15.55
132 120 125 111  0.76 .000

abegyperscript letters indicate the significant diéieces identified by the post hoc tests. Differieiers
mark significant differences between the meansleSéa= “do not agree at all” / 7 = “agree complgte

Table 7. Study evaluation by the participants efM#=T and STUDYGR study arms

Missings  Yes No Don't know
VET: Monthly vet visits improved udder health in rngrd. 0 29% 46% 25%
VET: | will continue the monthly vet visits afteneg study. 1 9% 44% 45%
STUDYGR: The study groups improved udder health. 1 67% 8% 25%
_STUDYGR: | will continue to attend study group megs, 1 79% 0% 21%
if they are cost-free.
STUDYGR: | will continue to attend study group maegs, 1 21% 8% 71%

even if they do cost.

The VET and STUDYGR study arms were confronted widme specific questions about
their support strategy (Table 7). The patrticiparitboth study arms were asked whether their
intervention strategy improved the udder healthihair farm; 29% of the VET study arm and
67% of the STUDYGR study arm perceived a positivange. Participants were also asked
whether they would continue with the experiencedpsut strategy; 9% of the VET study
arm and 21% of the STUDYGR study arm agreed, eveenvthe strategy was aligned with
additional costs. Since veterinarian visits alwayslved costs, only the STUDYGR study
arm was asked whether they would continue withsthidy group meetings if they were cost-
free. 79% of the participants answered “yes” t@ tpiestion. The analysis of the “no” and
“‘don’t know” answers showed that 44% of the VET &% of the STUDYGR study arm
would not further engage in the provided suppartegy. Both evaluation questions that
involved costs had a high percentage of “don't Knawswers (VET: 45%, STUDYGR:
71%).

29



DISCUSSION

The aim of this field trial was to determine whetBesupport strategies for improving
udder health in Swiss dairy herds were able toedese the prevalence of high SCC cows.
However, in contrast to what was anticipated, thppsrt strategies rather prevented an
increase in the prevalence of high SCC cows inshaiith a low bulk milk SCC than that
they improved the udder health situation in herdt & high bulk milk SCC. A variety of
reasons may explain the lack of improvement in $ievdh a high bulk milk SCC. First, it
may be that the ineffective recommendations werergor that they were not communicated
in the correct way (e.g., too many at once). Howevecommendations were based on
current scientific knowledge and practical expereenThey were proven to be effective
previously. In contrast, an incorrect communicatmuld not be excluded as a possible
explanation for failure of improvement. Second, faet that on average only 44% of the
recommendations were fully implemented in the airrstudy may explain the lack of
improvement in herds with a high bulk milk SCC staat m = 0. A higher compliance in
implementing mastitis management recommendatiopsaved the udder health situation in
a similar study in the UK (Green et al., 2007) buth an effect could not be observed in the
current study (data not shown). The relatively lmywnpliance does not explain the prevented
decreasing udder health situation in herds witbva bulk milk SCC status though. Finally,
and most likely, farmers may not perceive that thaye an udder health problem in their
herd, making it unlikely that they will adapt themastitis management to improve their udder
health situation (Janz & Becker, 1984). Howevelr paksible reasons for not observing an
intervention effect in the herds with a high buldkrSCC status remain speculation and
further research is needed to explain the effexa e this field trial.

Swiss dairy farmers receive a financial bonus wtiemr bulk milk SCC is <100,000
cells/ml. This may explain why farmers with a lowllbmilk SCC status at m = 0 were able
to prevent an increase in the prevalence of hig@ 8@wvs using 1 of the 3 support strategies.
The advice report, in combination with a possildatmued support by their own veterinarian
or with their peers, may have given them the nesgssupport to maintain a good udder
health situation in their herds to continue recegva bonus (McKenzie-Mohr, 2012). Farmers
in the NEGCON study arm not receiving any suppai/mave lacked the necessary support
to maintain a good udder health in their herds.

Recommendations for improvement of mastitis managgmwere more often
implemented when they were in the topic of ‘milkinggiene’, ‘environment/housing’ and
‘other’ compared with the topic ‘milking machin@hese differences can be explained by the
fact that adaptations on the milking machine ateroéxpensive and therefore less likely to
be implemented (Huijps et al., 2009). The obseovatihat farmers implemented more
recommendations for optimising their mastitis mamagnt if they were assigned to the study
arm of their preference can be used in future nationastitis control programmes. Support
strategies should be tailored to farmers’ prefezefur knowledge transfer (Jansen et al.,
2010) in such control programmes.

The present study did not intend to deliberatelget psychological changes in the
participants. In fact, the study observed what lohgsychological effects were triggered in
farmers participating in the different support &gges. In addition, the study assessed which
factors predicted mastitis prevention behaviourt sl how participants evaluated the
different strategies. The participation in the magntion study increased participants’ positive
“attitude,” “intentions,” and “mastitis preventidrehaviour.” Subjective norms and perceived
behavioural control were not significantly affectey the tested support strategies. Group
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differences resulting from the one-year procesddconly be observed in the two behaviour
scales. As suggested by the “Theory of Planned Behd the intention to engage in udder
health management was predicted by “attitude” ‘“scioye norms,” and “perceived
behavioural control.” The strongest predictor was tattitude” towards the behaviours in
guestion. Mastitis prevention behaviour was predidty “intention,” but as in other studies
using the TPB-framework, an intention-behaviour-gaps observed (Sheeran, 2002)
suggesting that context factors (workload, bonstesy, etc.) may play an important role too.
However, targeting positive attitude changes, gifegning the awareness of high peer norms
and increasing perceived behavioural control seenbda promising strategies to foster
mastitis prevention behaviour. This could be incoaped in addition to different support
strategies in future studies.

The participating farmers evaluated the STUDYGRIgtarm as most positive. They
perceived more benefit and experienced more udeltthimprovement than the other study
arms. This may be due to the fact that the farmenr® put in an active role by this support
strategy that allowed them to experience self-affjc This approach would also allow
influencing farmers’ awareness of high quality ner(aubjective norms), help to reflect the
efficacy of different strategies (perceived behawad control), and increase farmers’
awareness that mastitis management is a long-terestment.
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A SYSTEMATIC REVIEW AND META-ANALYSIS OF FACTORS ASOCIATED
WITH ANTHELMINTIC RESISTANCE IN SHEEP

L.C. FALZON', T.J. O'NEILL, P.I. MENZIES, A.S. PEREGRINE, A. NES-BITTON,
J. VANLEEUWEN, A. MEDEROS

SUMMARY

Anthelmintic resistance (AR) in sheep gastro-intedt nematodes has been reported
worldwide. In this study, frequency of treatmengrith-and-shift pasture management, and
use of long-acting formulations were positively agated with AR, while there was
conflicting evidence on mixed-species grazing. $eardence was found on the association
between AR and other commonly recommended practtes as rotation of drug classes or
use of combination anthelmintics, suggesting thredrfer further research. The findings also
highlight the need to improve study designs andomapy of research in the field of
veterinary parasitology, so results can be usesipport evidence-based decisions regarding
AR management.

INTRODUCTION

Disease due to gastro-intestinal nematodes (GIBlS) major economic constraint to
grazing sheep production worldwide (Knox et al.120 Traditionally, GINs have been
controlled with broad-spectrum anthelmintic drugéich are inexpensive and easy to use
(Sargison, 2011). However, the routine use of dmtiméic drugs has led to the development
of anthelmintic resistance (AR) whereby anthelngigliugs have reduced or no effectiveness
against GINs present within animals (Morgan, 2013).

Anthelmintic resistance is now considered $t@us quan most sheep-rearing countries
(Kaplan and Vidyashankar, 2012), and repeated @stsonal studies in Europe and South
America have shown a worsening situation, with buothti-drug and multi-species resistance
being increasingly more common (Papadopoulos eP@l2; Torres-Acosta et al., 2012). A
recent study by Scott et al. (2013) documenteditbiefield case of monepantel resistance, a
novel anthelmintic drug which has only been commadlyc available since 2009. All this
highlights the urgent need to identify risk factassociated with AR development, to inform
future recommendations on sustainable parasiteadiMorgan, 2013).

Current recommendations to delay further develognm@nAR are based either on
evidence regarding key molecular processes invalvede selection for resistance (Dobson
et al, 2001), or simulation models (Leathwick et al.,932 More recently, several
observational studies and clinical trials have béescribed (Suter et al., 2004; Leathwick et
al., 2008; Waghorn et al., 2009; Calvete et all,220However, these studies are often based
on single populations, and sometimes provide ocinily evidence. By way of example,

" Laura Falzon, Veterinary Public Health Institutaiversity of Bern, Schwarzenburgstrasse 155, Ifidde
CH-3097, Switzerland. Email: laura.falzon@vetsuissie.ch
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mixed-species grazing has been described as bptiotactive and risk factor for AR in
different studies (Eddi et al., 1996; Lawrence let 2006). Thus, there is a need for better
evidence regarding the impact of these practices.

Systematic Reviews (SRs) and Meta-Analyses (MAs)cansidered the best studies for
providing high-quality evidence across publishéerfiture. Systematic reviews are guided by
a pre-defined research question and search strategy ensuring the repeatability and
transparency of the process, while the quantitasiyethesis of results through the MA
improves the precision and external validity of fo®led estimate (Sargeant et al., 2006).

The objective of this study was to perform a SR-MA factors associated with AR in
sheep. Specifically, the objectives were: (i) taieey; (ii) critically appraise; and (iii) provide
a qualitative and quantitative synthesis of alrently available literature on the topic.

MATERIALS AND METHODS

Research question, search terms and literaturelsear

A protocol was developed, and the research questiah search terms were defined
following consultation with experts in the fieldh& population of interest was sheep; the
outcome was AR in GINs of economic interest (nobedow); while the intervention of
interest was factors associated with AR previousdgcribed in the literature. The full
PubMed search string was: ["small ruminants” ORnevDR sheep OR ewe* OR ram OR
lamb OR wether] and [anthelmintic OR drench OR ‘'roagclic lactone* OR
benzimidazole* OR levamisole OR ivermectin OR tleiadtazole] AND [[[gastrointestinal
OR internal] AND [parasite*]] OR nematode* OR rowmm* OR haemonchus OR
trichostrongylus OR teladorsagia OR ostertagia @Rophagostomum OR chabertia OR
nematodirus OR cooperia] AND [resistance OR resistAND [breed OR age OR gender
OR refugia OR “risk factor” OR association OR exp@sOR prevalence OR incidence OR
survey OR management OR “anthelmintic dosage” Gfar OR bolus OR “under dosing”
OR "route of administration” OR *“oral formulatio®R “persistent” OR "long-acting" OR
“timing of treatment” OR “pre-lambing treatment” ORreatment of adult ewes” OR
“quarantine” OR “mixed species grazing” OR “rotai@d grazing” OR "strategic treatment”
OR *“targeted selective treatment” OR “pasture manant” OR “flock size” OR rotation].

A systematic literature search for all publicatignslished between®'1January 1975 to
8" February 2013 was conducted in four electronialges (PubMed [Medline], Agricola
[EBSCO Host], CAB Direct, and Web of Science). Admhally, recent literature reviews and
conference proceedings on the topic were hand{sedror relevant studies. Finally, search
verification was performed by consulting severgteaxs in the field, and through solicitation
of information on two list-serves dedicated to ftthiecussion of small ruminant clinical
problems (American Association of Small Ruminantaddtioner§, United States and
SheepVet$, United Kingdom). All citations were imported inRefwork$ (ProQuest, LLC,
Cambridge Information Group; Betheseda, MD, USAJ da-duplicated.

Abstract and full-text screening

References were screened at the abstract leve], ifatltey met the inclusion criteria
defined below, at the full-text level. Screening swaonducted by two independent
investigators (LCF and AM) using pre-defined scregrtools in an electronic SRS nexus
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review format (Mobius Analytics, Ottawa, Ontaricartada). Cohen’s Kappa (Cohen, 1960)
agreement between reviewers was computed, ar0.8 was considered acceptable.

References were considered eligible if they: (isalded primary research on risk or
protective factors of interest associated with ARthe GINs of interest in sheep; and (i)
reported observational, randomized controlled oallehge trial designs; there were no
language restrictions. All other references werdwgled, and the reasons for exclusion were
noted. Any discrepancy regarding a study’s eligjpivas resolved by discussion between
the two investigators; if consensus was not reacHedher adjudication by a third
investigator (TJO) was conducted.

Risk of systematic bias and data extraction

Two independent investigators (LCF and TJO) assesBaelevant publications for risk
of systematic bias using two instruments for experital (Higgins et al.,, 2011) and
observational studies (Kim et al., 2013). Domainssidered for potential bias included:
selection, performance, detection, attrition angoréng bias. Publications were then
classified as having a high, low or unclear (ngoréed or unable to assess) risk of bias in
each domain based on pre-set definitions.

Qualitative data extraction, also performed by twdependent investigators (LCF and
TJO), was carried out for information on: (i) studigaracteristics (language and year of
publication, study design and geographical locatigi) animal characteristics (number of
animals in each treatment and control group, amdbau of animals per farm); (iii) type of
protective or risk factor; and (iv) type of outcommeeasurement (anthelmintic drug(s)
investigated, diagnostic test used to define AR] @iN species investigated). Publications
reporting more than one independent study wereichtpt and extracted as separate studies,
while multiple publications reporting the same stweere extracted as a single study.

Quantitative data extraction and meta-analysis

Full-text publications were included in the quaatiite synthesis if they: (i) measured AR
using a methodology definedpriori in the protocol; (ii) investigated a factor of irgst; and
(i) reported quantitative results in sufficienetdil to estimate the odds of AR in sheep
compared to a control group.

If controlling for confounding was performed, adpe odds ratios (ORs) and covariates
were extracted as reported in the study. Otherwisagljusted estimates were extracted. If the
OR was not reported it was estimated using raw. daithors were not contacted to add any
additional data or offer clarification due to tinmitations of the present study.

When factors were reported in more than one indégratrstudy, a random effects MA to
account for heterogeneity was used to estimateadegoeffect size (ES) for each factor.
Statistical heterogeneity was assessed using’temtistic, and a° test was used to assess
statistical significance of heterogeneity withincleaanalysis (80.05) (Borenstein et al.,
2009). Sensitivity analyses through step-wise reaho¥ the publications were performed to
determine whether certain publications had subsfaimpact on the ES estimated in each
analysis. Funnel plots were not assessed for detation of publication bias as there were
fewer than 10 studies for each included factor ¢iig and Green, 2011). Analyses were
conducted in STATA version 12.0 (StataCorp, Coll&ation, Texas, USA) and RevMan
(Version 5.2; The Cochrane Collaboration, Oxfor&)U
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RESULTS

Literature search, abstract and full-text screening

The search provided a total of 2,914 citations,levanother 5 citations were identified
through the search verification process. After dphdation, 1,712 titles and abstracts were
screened, of which 131 full-text publications wéuether evaluated for relevance. Thirty
publications were included in the risk of bias assgent and qualitative data extraction,
while the remaining 101 full-text publications wenecluded because they: (i) only described
factors putatively associated with AR and not ARvadence (n=30); (ii) only described AR
prevalence and not factors of interest (n=23)} Kiieasured a non-relevant factor or outcome
(n=23); or (iv) reported a non-relevant study desjg=16). Three additional publications
were excluded because there were no resourcesaftsldtion (one Arabic and two Slovak
publications), while another six publications contat be retrieved.

Risk of systematic bias and data extraction

Thirty publications describing 25 individual stuslieere included in the methodological
assessment for risk of bias; of these, 15 werereatenal (14 cross-sectional and 1 cohort
study), while 10 were experimental (3 controlledd ah challenge trials). Unclear (not
reported, or unable to assess) or high risk ofctele bias based on selection of participants
was found in 20% (3/15) and 73% (11/15) of the okst@nal studies, respectively, while
60% (9/15) had a high risk of selection bias bamedssessment of confounding variables.
Unclear and high risk of performance bias was ifiedtin 40% (6/15) and 13% (2/15) of the
observational studies, respectively. All observaicstudies were found to have a low risk of
detection bias, while an unclear or high risk dfigbn bias was identified in 7% (1/15) and
13% (2/15) of the studies, respectively. Uncleak of reporting bias was identified in one
observational study. All trials were found to hawelear risk of selection bias and a low risk
of detection, attrition and reporting bias.

The descriptive characteristics of the observatiama experimental studies included in
the qualitative synthesis in this systematic revase/presented in Table 1.

Meta-analysis

Publications reporting observational study desigr<.3) described 10 individual studies
that were included in the quantitative synthesiswbich only one (Lawrence et al., 2006)
provided adjusted estimates, controlling for thasea in which AR was measured and the
use of purposive sampling. All 10 studies reporbédervations at the aggregated (farm)
level.

The 10 studies included described 8 factors; howedef these factors were described
in only one study, and could therefore not be sgsited. These included: calibration of the
drench gun (OR=3.11; 95% Confidence Intervals [CI}5, 10.15) (Hughes et al., 2007); use
of quarantine strategies (OR=0.26; 95% CI=0.096)0(&uter et al., 2004 & 2005); and
annual rotation of anthelmintic drug classes (OR8195% CI=0.88, 4.26) (Suter et al.,
2004 & 2005).
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Table 1. Descriptive characteristics of the 15 olet@nal studies and 10 trials included in a systic review of factors associated with
anthelmintic resistance in sheep

Study Study design Country Protective and/or risk factemorted Anthelmintic drug Outcome Type of GIN
(Author and year) measurement recovered
OBSERVATIONAL
STUDIES:
Bartley et al. (2003) Cross- Scotland Farm type Benzimidazole EHA Not specified
sectional
Calvete et al. (2012) Cross- Spain Frequency of treatment; mixed- Benzimidazole EHA Not specified
sectional species grazing; rotation of
anthelmintic drug classes; under-
dosing
Chartier et al. (1998) Cross- France Frequency of treatment Fenbendazole FECRT Not specified
sectional
Echevarria et al. (1996) Cross- Brazil Flock size; frequency of treatment Ivermegti FECRT Not specified
sectional Benzimidazole,
Levamisole,
Closantel,
Combination
(Albendazole+
Levamisole)
Eddi et al. (1996) Cross- Argentina  Flock size; frequency of treatment; Benzimidazole, FECRT Not specified
sectional mixed-species grazing Ivermectin,
Levamisole,
Combination
(Albendazole+
Levamisole)
Hughes et al. (2007) Cross- New Quarantine; drench gun calibration; Ivermectin FECRY Not specified
sectional Zealand drench-and-shift; mixed-species
grazing; long-acting formulations;
frequency of treatment
Kettle et al. Cross- New Frequency of treatment Thiabendazole, FECRT Not specified
(1981 & 1982) sectional Zealand Levamisole
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Table 1. Continued

Study Study design Country Protective and/or risk facteported Anthelmintic drug Outcome Type of GIN
(Author and year) measurement recovered
OBSERVATIONAL
STUDIES:
Kumar and Yadav (1994) Cross- India Frequency of treatment Benzimidazole FEERT Not specified
sectional
Lawrence et al. (2006) & Cross- New Long-acting formulations; mixed- Ivermectin FECRY Not specified
Waghorn et al. (2006) sectional Zealand species grazing; quarantine
Mitchell et al. (2010) Cross- Wales Farm type Benzimidazole, LDAY Not specified
sectional Levamisole
Nari et al. (1996) Cross- Uruguay Frequency of treatment; flock size Alberudez FECRT Not specified
sectional Levamisole,
Ivermectin
Niciura et al. (2012) & Cross- Brazil Quarantine; rotational grazing; Farm Benzimidazole Genotyping of Haemonchusp.
Verissimo et al. (2012) sectional type; drench-and-shift; mixed-species F200Y

Rendell et al. (2006)

Suter et al.
(2004 & 2005)

Swarnkar & Singh (2010)

Retrospective Australia

cohort

Cross-
sectional

Cross-
sectional

Australia

India

grazing; targeted treatment; rotation
of anthelmintic drug classes;
combination drug formulations;
under-dosing

Long-acting formulations Ivermectin

Mixed-species grazing; quarantine; Ivermectin
frequency of treatment; rotation of
anthelmintic drug classes

Flock size; frequency of treatment Benzimimaz
Tetramisole

polymorphism

FECRT Ostertagiasp.

FECRY Not specified

FECRT Not specified
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Table 1. Continued

Study Study design Country Protective and/or risk facteported Anthelmintic drug Outcome Type of GIN
(Author and year) measurement recovered
TRIALS:
Leathwick et al. (2006) Controlled New Timing of treatment; targeted Albendazole FECRT Teladorsagia
trial Zealand selective treatment; long-acting LDAY circumcincta;
formulations Trichostrongylus
colubriformis
Leathwick et al. (2012) Controlled New Targeted selective treatment; Ivermectin; FECRT, T. circumcincta;
trial Zealand Combination drug formulations Levamisole LDAY T. colubriformis
Martin et al. Controlled Australia Drench-and-shift Thiabendazole EHA Not specified
(1982 & 1984) trial FECRT
Leignel et al. (2010) Challenge trial  France Rotatf anthelmintic drug classes  Levamisole; FECRT T. circumcincta
Benzimidazole
Le Jambre et al. (1999) Challenge trial Australia ong-acting formulations Ivermectin; Counting of Not specified
Moxidectin resistant

parasite strains

Martin (1989) Challenge trial  Australia Drench-astuft Thiabendazole EHAFEC Teladorsagiasp.
Sutherland et al. (2000) Challenge trial New Long-acting formulations Ivermectin; EHA®; FEC T. circumcincta;
Zealand Albendazole T. colubriformis
Waghorn et al. (2008) Challenge trial New Drench-and-shift Albendazole EBALDAY  T. circumcincta;
Zealand FEC T. colubriformis
Waghorn et al. (2009) Challenge trial New Targeted selective treatment; Ivermectin; FECRT, T. circumcincta;
Zealand combination drug formulations Levamisole LDAY T. colubriformis
Waller et al. (1989) Challenge trial  Australia Rueqcy of treatment; drench-and- Thiabendazole; EHA" LDA%  H. contortus;
shift; rotation of anthelmintic drug  Albendazole; TBA T. colubriformis
classes Levamisole;
Ivermectin

GIN®=Gastro-Intestinal Nematode; EP#Egg Hatch Assay; FECRFFecal Egg Count Reduction Test; LBAarval Development AssayfEC=Fecal Egg Counts;
TBA'=Tubulin Binding Assay
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Odds Ratio

Odds Ratio

Study or Subgroup Weight IV, Random, 95% CI IV, Random, 95% CI
Chartier et al. (1998) 10.6% 1.71(0.28, 10.58) —
Echevarria et al. (1996) 13.4% 9.12 (2.98, 27.87)
Eddi et al. (1996) 15.6% 2.61[1.76, 3.86) -
Kettle et al. (1981)(BZ) 14.6% 1.60 (0.73, 3.50] T
Kettle et al. (1981)[Lev] 14.4% 1.70 [0.73, 3.95) T
Kumar and Yadav (1994) 15.6% 48.81(31.71, 75.12] —-
Nari et al. (1996) 15.8% 4.18 (3.12,5.61) -
Total (95% CI) 100.0% 4.39 [1.59, 12.14) -
[ — 2 . 2 . 12 o 1 1 1 i
Heterogeneity: Tau’ = 1.68; Chi* = 135.07, df = 6 (P < 0.00001); I = 96% 002 o1 [ 0 so

Test for overall effect: Z = 2.85 (P = 0.004)

Fig. 1a Forest plot for studies included in thearatalysis evaluating the association
between anthelmintic resistance in sheep and frexyuef anthelmintic treatment
(Note: BZ=benzimidazoles; Lev=levamisole)

Odds Ratio Odds Ratio
Study or Subgroup Weight 1V, Random, 95% CI IV, Random, 95% CI
Eddi et al. (1996) 33.7% 0.71(0.43, 1.18) ——
Hughes et al. (2007) 18.1% 1.62 [0.34, 7.62)
Lawrence et al. (2006) 20.3% 6.50[1.65, 25.63) —_—
Suter et al. (2004) 27.9% 1.64 [0.68, 3.96) e
Total (95% CI) 100.0% 1.63 [0.66, 4.07)

-

Heterogeneity: Tau® = 0.58; Chi* = 10.30, df = 3 (P = 0.02); ¥ = 71%

Test for overall effect: Z = 1.05 (P = 0.29) 0102 o5 1 2 5 10

Fig. 1b Forest plot for four studies included ie theta-analysis evaluating the association
between anthelmintic resistance in sheep and nspedies grazing

Odds Ratio Odds Ratio

Study or Subgroup Weight 1V, Random, 95% CI IV, Random, 95% CI
Echevarria et al. (1996) 98.8% 1.02 [0.97, 1.07) .
Eddi et al. (1996) 0.7% 1.14 [0.63, 2.05)
Nari et al. (1996) 0.5% 0.82 (0.41, 1.63)
Total (95% CI) 100.0% 1.02 [0.97, 1.07] ?

20n oo 2 * 2 - - T - : : : 1
Heterogeneity: Tau® = 0.00; Chi* = 0.52,df =2 (P = 0.77); I = 0% o5 07 T s 3

Test for overall effect: Z= 0.71 (P = 0.48)

Fig. 1c Forest plot for three studies includedchia ineta-analysis evaluating the association
between anthelmintic resistance in sheep and 8ok
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Odds Ratio Odds Ratio

Study or Subgroup Weight 1V, Random, 95% CI IV, Random, 95% CI
Hughes et al (2007) (1) 35.2% 1.27 [0.41, 3.96) —

Hughes et al. (2007) (2) 38.2% 1.79 (0.69, 4.68) 1T

Rendell et al. (2006) 26.7% 16.15 [3.05, 85.45] —
Total (95% CI) 100.0%  2.85 [0.79, 10.24] realii—
Heterogeneity: Tau® = 0.87; Chi* = 6.57,df = 2 (P = 0.04); I’ = 70% oos o> I t %

Test for overall effect: Z= 1.61 (P = 0.11)

(1) Moxidectin injection
(2) Macrocyclic lactone capsules

Fig. 1d Forest plot for studies included in the an@halysis evaluating the association
between anthelmintic resistance in sheep and latiggaformulations

Odds Ratio Odds Ratio
Study or Subgroup Weight 1V, Random, 95% CI IV, Random, 95% CI
Hughes et al. (2007) 42.6% 11.11(2.41, 51.24) —a—
Suter et al. (2004) 57.4% 1.94 [0.89, 4.25] +——
Total (95% CI) 100.0% 4.08 [0.75, 22.16] e
Heterogeneity: Tau® = 1.14; Chi* = 3.96, df = 1 (P = 0.05); I = 75% 305 02 [ 1 20

Test for overall effect: Z= 1.63 (P = 0.10)

Fig. 1e Forest plot for studies included in thearamtalysis evaluating the association
between anthelmintic resistance in sheep and taipe of drench-and-shift

Random-effects MA were performed for the other faetors: frequency of anthelmintic
treatment; mixed-species grazing; flock size; ukéong-acting formulations; and drench-
and-shift pasture management. Figure 1(a-e) belbews the individual and pooled
estimates of the studies included (OR and 95% 4Rk, the heterogeneity of the estimafe (
and associated p-value), for each of these fadiorsach forest plot, the center of the square
represents the individual estimate for that study #he area of the square is proportional to
the weight assigned to that study (based on (intiraber of observation units in the study
and (i) confidence intervals). The solid vertitake marks the value at which the factor has
no effect on AR levels, while the diamorg &t the bottom shows the 95% CI for the pooled
estimate.

Sensitivity Analysis

The sensitivity analysis using stepwise removal poblications for frequency of
treatment showed that removal of estimates by Kuarad Yadav (1994) significantly
reduced the pooled estimate (OR=3.67; 95% CI=538) and the observed heterogeneity
(1’=56%:; p=0.08). Similarly, the removal of Rendellaét (2006) from the MA for use of
long-acting formulations significantly reduced tbeerall pooled estimate (OR=1.55; 95%
CI=0.75, 3.23) and the observed heterogeneftyOtk). No other significant changes were
observed when the analyses for the other threertagtere repeated with step-wise omission
of study estimates.
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DISCUSSION

This SR-MA provides further evidence on the assmriabetween certain management
practices and AR in sheep, while highlighting fetuesearch needs. Despite the current
relevance of the topic for the sheep industry weidig, there were surprisingly few studies
that investigated the association between putatskefactors and AR in sheep, and fewer
still provided sufficient data for a quantitativnghesis.

A high level of heterogeneity in the results waseslved in most of the MA results. This
was to be expected, as all the studies includec wéservational studies. While some
authors argue that observational studies should@&ancluded in a MA (Lean et al., 2009),
others justify their inclusion since certain riskcfors can only be investigated this way
(Stroup et al., 2000). Given the limited numberstfdies included in this MA, sub-group
analysis or meta-regression to further investigaéeheterogeneity between the studies was
not possible. Apart from heterogeneous study pojonis and independent research groups,
other possible explanations for the observed hgé&reity are the use of different definitions
for putative risk factors by the different studiesd the use of multiple diagnostic tools for
AR. The latter is of particular concern, as tharstill no consensus on the preferred method
for AR diagnosis, greatly impeding the comparisbstady results (Knox et al., 2012).

Frequency of treatment was the risk factor for ARstncommonly described in the
included publications, which is not surprising as f long time this has often been
incriminated as one of the most important contobsito AR development (Sutherland and
Scott, 2010). In this study, it was found that Kedhat were treated more frequently had
higher odds of having resistance, compared to tferses that treated the sheep less often.
Higher treatment frequencies increase the seleativantage for resistant parasites, allowing
for an increase in the proportion of resistant gigea over time (Sargison, 2011).

Two other management practices that were investigittr their association with AR in
the included publications were mixed-species ggand drench-and-shift. Both practices
are based on the conceptrefugia which refers to the proportion of susceptibleasées
that are not exposed to anthelmintic treatmentyeeitbecause they are found in the
environment or because they are in untreated asirfwan Wyk, 2001). Such parasites
constitute a reservoir of susceptible genes. Miekies grazing with cattle has long been
hypothesized as a protective factor for AR, adecatte generally not infected by sheep GINs
and can therefore be used to clean up contamirgtetlires (Eddi et al., 1996). However,
recent evidence indicates that co-grazing sheep edttle may actually increase AR levels,
as it results in a reduction in the number of pggasnrefugia on pasture (Lawrence et al.,
2006). Results from our study also showed higheisaf AR on farms that practiced mixed-
species grazing, though this estimate was nosstatily significant, likely due to the limited
number of studies. Further research is therefogeired to establish the true association
between mixed-species grazing and AR.

Drench-and-shift was commonly practiced in the X98Ad 1990s, whereby producers
were encouraged to treat their animals with anthrglondrugs immediately before moving
them to clean pastures to reduce GIN re-infectitmwever, this practice has been found to
be positively associated with AR, as resistant giga that survive the anthelmintic treatment
have a selective advantage when infected shegpuaien clean pastures with no susceptible
parasites imefugia (Abbott et al., 2009). Results from the presemtigishow that the odds of
having AR were four times higher on farms that pcad drench-and-shift, compared to
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those farms that did not. While the pooled estinveds not statistically significant, it does
suggest that this practice is associated with AiRsdmould therefore be discouraged.

Another factor frequently investigated in the irdgd publications was the use of long-
acting anthelmintic drugs, which delay GIN re-irtfen. However, as the anthelmintic
concentration subsides, both homozygous- and Imtgoos-resistant parasites have a
selective advantage over homozygous-susceptibbsipes, thus allowing for an increase in
the number of resistant parasites (Sutherland aott,2010). Results from the present study
showed a marginally significant positive assocratibetween the use of long-acting
formulations and AR, which provides further evidenicat use of these formulations could be
positively associated with AR. They should therefonly be used when thefugia status of
the farm is known to be high through grazing managy# history and repeated fecal egg
counts (Sargison et al., 2010).

Three studies reported an association between #ekand AR; higher flock sizes are
usually associated with higher stocking rates dethce, more frequent treatments (Eddi et
al., 1996). However, the MA pooled estimate showedssociation between flock size and
AR levels.

Several other factors could not be investigatethenMA, either because they were only
reported in one study, or because they were natrtegh in sufficient detail to allow for data
extraction and synthesis. This highlights the needurther research and better reporting on
factors such as the use of combination anthelnsirdicannual rotation of anthelmintic drug
classes.

There was a variable risk of systematic bias inyr&ndies, which is similar to findings
reported by other recent SR-MAs in the veterinaayapitology field (Mederos et al., 2012;
Belo et al., 2013). Most of the observational stgdincluded in this review had a high or
unclear risk of selection bias as there was noificeion for the choice of the study
population, and confounding was rarely taken irdooant. An unclear risk of selection bias
was also identified in all of the trials, as nondeguately described how blinded
randomization was achieved. The STROBE and REFLEE€porting guidelines for
observational studies and clinical trials, resp@tyi, have been published recently to help
offset this deficiency in reporting. However, Cobb al. (2011) noted that few authors
currently implement these guidelines, and suggetstadeither authors are unaware of their
existence, or the guidelines are too hard to implann the writing stages if they have not
been adequately addressed during the study destyimalementation. It is thus important
that researchers are familiar with these guidelesety in the research process.

Publication bias could not be investigated in 8tisdy due to an insufficient number of
studies, which may have influenced the estimatpsrted in this study. Moreover, although
there were no exclusion criteria based on languhgee full-text articles that passed abstract
screening were excluded since translation was pesiple, which might have introduced
language bias. Since most relevant studies hadelear to high risk of bias in many of the
domains investigated, it was decided not to redine MA to studies with low bias; however,
the high risk of bias identified in these studieayntihave influenced the pooled estimates.
Lastly, the high levels of heterogeneity observethe MA suggest that the pooled estimates
should be interpreted with caution.

In conclusion, this SR-MA provides an important mwew of the evidence currently
available on factors associated with AR in sheepilenhighlighting the need for further
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research, particularly on the impact of mixed-specgrazing on AR levels as this
management practice is often recommended for sadti@ parasite control on both
conventional and organic sheep farms. Findings ftlois) study also underscore the need to
improve methodological reporting in the field oftexnary parasitology and to standardize
methods used for detection of AR, thus allowing &better comparison and synthesis of
results from different studies.
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