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ABSTRACT

A survey was conducted to investigate potential
differences in biosecurity and health management
practices on Irish dairy farms that sent their heifers
for contract-rearing (source dairy farms, SDF; n =
62) and those rearing their own heifers (control farms,
CF; n = 50). Participating farmers were surveyed by
postal questionnaire between September and November
2018. The overall response rate was 93%. Results show
that structurally, SDF were larger, less fragmented,
and more specialized than CF. Outsourcing of labor-
intensive activities to external contractors was more
common among SDF than CF, exposing them to poten-
tially increased biosecurity risks associated with animal
movements, use of shared equipment, and increased
frequency of farm visitors. The majority of SDF sent
heifers to a single-origin rearing facility (70%), with
heifers most commonly arriving at the rearing unit
between 2 and 4 mo (53%) and returning to the dairy
farm between 18 and 21 mo of age (56%). Despite the
increased biosecurity risk associated with contract-
rearing, implementation of disease prevention measures
was not superior on SDF compared with CF. For both
farm types, there was scope for improvement to visitor
biosecurity protocols, quarantine procedures, colostrum
feeding practices, and hygiene of calving areas. This
research provides an overview of the demographics
and farm management practices implemented by dairy
farmers engaged in contract-rearing of replacement
heifers, and will serve to inform farmers, veterinary
advisors, and policy makers.
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INTRODUCTION

Since the abolition of the European Union’s milk
production quotas in 2015, Ireland’s dairy herd has
undergone rapid and significant growth. Between 2014
and 2019, dairy cow numbers in Ireland have increased
by 23% to approximately 1.5 million cows. In the
same period, the size of the average Irish dairy herd
increased by 28% to 86 cows. Outsourcing of the heifer-
rearing enterprise to contract-rearing facilities is being
increasingly used by Irish dairy farmers as a means to
overcome constraints to herd expansion such as land
and labor resource shortages. The National Farm Sur-
vey conducted in 2016 found that approximately 5% of
specialist Irish dairy farmers were sending their heif-
ers to a contract-rearing facility (Dillon et al., 2017),
but engagement with the practice is likely to grow in
the post-quota era of unrestricted milk production
and resultant increased size and specialization of Irish
dairy farms. Internationally, outsourcing of the heifer-
rearing enterprise by dairy farmers is also becoming
increasingly common, particularly in the United States
(Hadley et al., 2002; Bir et al., 2017), New Zealand
(Cvitanovich, 2016), and Australia (AusVet Animal
Health Services, 2005).

Despite the benefits of contract-rearing for the dairy
producer, inherent characteristics of the industry pose
a challenge to animal health and herd biosecurity.
Movement of animals between herds, potential for com-
mingling of animals of unknown disease status from
multiple sources, and stress associated with transpor-
tation and adaption to a new environment represent
major disease challenges for heifer calves (Duncan,
1990; Lekeux, 1995; Mee et al., 2012; Hay et al., 2014).
Therefore, characterizing the contract-rearing industry
and the extent of implementation of biosecurity pro-
cedures by farmers engaged in contract-rearing is of
importance to the Irish dairy industry. “Biosecurity”
refers to the combination of measures taken to reduce
the risk of introduction and spread of pathogens (Wells,
2000). The term encompasses both bioexclusion (pre-
vention of pathogen entry) and biocontainment (pre-
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vention of intrafarm transmission of pathogens; Mee et
al., 2012). By engaging in contract-rearing, source dairy
farms become multisite operations, with disease control
becoming more complex than on single-site dairy opera-
tions (Lyytikdinen et al., 2015). The biosecurity status
of cows in the milking herd and heifers at the rearing
unit should be equivalent, to prevent introduction, es-
tablishment, and transmission of infectious diseases in
the herd. Where contract-rearing units are composed of
heifers from multiple origins, the dairy herd becomes
an “open herd,” with contact between heifers becoming
unavoidable, by either direct or indirect contact. As a
result, disease transmission on contract-rearing units
has the potential to affect several dairy farms down-
stream when heifers return to their farms of origin. As
replacement heifers represent the future of the dairy
herd, outbreaks of infectious disease associated with
contract-rearing practices during the rearing period
have the potential to have substantial economic impact
via reductions in growth, fertility, and subsequent milk
production (Donovan et al., 1998; Stanton et al., 2012).

Although studies have been published on implementa-
tion of biosecurity measures by Irish dairy farmers (Say-
ers et al., 2013) and by contract heifer-rearing farmers in
the United States (Walker et al., 2012), no research has
been published relating to biosecurity practices on Irish
dairy farms engaged in contract-rearing or comparing
biosecurity measures on these farms with non-contract-
rearing farms. The objective of this study therefore was
to contemporaneously characterize and compare the
biosecurity practices implemented by 2 groups of farm-
ers: farmers who sent their heifers for contract-rearing,
and farmers who home-reared their heifers. Because
contract-rearing represents a particular biosecurity
threat due to the potential for commingling of animals
with unknown disease status from multiple origins, we
hypothesized that implementation of biosecurity mea-
sures would differ between source dairy farms (SDF),
which send their heifers out for rearing at a contract
facility, and home-rearing dairy farms (control farms,
CF). Irish dairy farmers who engage in contract-rear-
ing are encouraged to implement biosecurity practices
to reduce the risk of bovine tuberculosis transmission
(DAFM, 2019), and, as a result, we hypothesized that
strategies to reduce disease transmission, such as use of
quarantine and other bioexclusion measures, would be
superior on SDF compared with CF.

MATERIALS AND METHODS
Herd Selection

At the commencement of herd recruitment, a nation-
al register of source and corresponding pair-matched
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contract-rearing farmers did not exist. As a result, a
de novo research database of farmers engaged in con-
tract-rearing was compiled from multiple sources. We
initially identified SDF using the HerdPlus database
(https://www.icbf.com/?page_id=56) of the national
cattle breeding organization (the Irish Cattle Breed-
ing Federation). Farms with animal movement profiles
corresponding to heifers being moved out of the herd of
origin to another herd before 6 mo of age and returning
between 12 and 24 mo of age during 2017 were defined
as potential SDF. Using these definitions, 256 potential
SDF were identified in the HerdPlus database. An infor-
mation packet was sent from the Irish Cattle Breeding
Federation to these farmers, inviting them to participate
in the study. The packet contained a cover letter and
leaflet outlining the aims of the project. Farmers inter-
ested in participating were asked to respond via text or
email to the contact details provided in the invitation
letter within a 2-wk timeframe. Concurrently, 155 dairy
farmers who were rearing their own heifers were ran-
domly selected from the HerdPlus database based on
the following criteria: dairy enterprise, spring-calving
pattern, and geographical proximity to potential source
dairy farmers identified as previously described. These
farms were defined as potential control herds and were
also sent a postal information packet and letter inviting
them to participate in the study.

In addition to this data-based recruitment method,
participants were solicited via agricultural networks.
The national animal health organization Animal Health
Ireland and the national Farm Relief Service each
posted a letter and explanatory leaflet to their dairy
farm clients (2,446 and 300, respectively), seeking SDF,
CF, and contract-rearing farmers interested in study
participation. In addition, an email was sent through
the Teagasc Knowledge Transfer network to all dairy
(n = 78) and beef advisors (n = 32), to the national
veterinary organization Veterinary Ireland’s Food Ani-
mal Interest Group members’ email distribution list,
and to farmers involved in the Knowledge Transfer pro-
gram of the Department of Agriculture, Food and the
Marine, seeking potential study participants. Finally,
participant recruitment posts were placed on various
social and print media platforms. Interested farmers
were asked to respond by text within a 2-wk window
if they were involved in sending heifers to be reared or
rearing their own heifers.

In total, more than 200 farmers contacted the re-
search team and indicated a willingness to participate
in the study. Follow-up phone calls were made to all
respondents, and a short tele-survey was conducted to
gather further details relating to herd characteristics.
From this, a database was assembled of dairy farmers
sending heifers to be reared off-site (n = 120, source
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ICBF Herdplus database

256 potential source farmers
(SDF) identified through
animal movement patterns

155 potential control farmers
(CF) randomly selected from
database based on the following

(heifers moved out of the
herd of origin to another herd
< 6 months of age and
returning between 12-24
months of age during 2017)

Animal Health Ireland — farmer
database (n=2,446)
Veterinary Ireland — Veterinary
practitioner members of food
animal interest group
Department of Agriculture —
Knowledge Transfer farmer

database
Teagasc — Network of dairy and
beef advisors
Irish Grassland Association -
conference attendees January 2018
Farm Relief Services — 300
farmer clients

v

Social and print media awareness
campaign
Use of the following platforms to

raise awareness of the study among
wider farming community
Twitter, Facebook, Teagasc

website, Agriland, That’s Farming,
Irish Farmers Journal, Irish

Farming Independent

criteria: dairy enterprise, spring-
calving pattern, and geographical
proximity to potential source
dairy farmers

Information pack with cover
letter/leaflet outlining project
aims sent to potential SDF &
CF and expressions of interest
invited through dedicated
text/email address within 2-week
timeframe

|

Follow-up phone calls made to all
respondents (n > 200)
Short telesurvey conducted to gather
further information regarding herd
characteristics

54 CF selected for inclusion in

66 SDE r‘fm(ion‘lly L — the study based on the
selected otr 1(;1c usion m geographical proximity to SDF
study

Figure 1. Overview of the recruitment process for selection of dairy herds engaged in contract-rearing (source dairy farms, SDF) and herds
where heifers are reared on-site (control farms, CF) conducted in January 2018.

dairy farms; SDF) and dairy farmers rearing their own
heifers (n = 85, control farms; CF).

As part of the overarching project on contract heifer
rearing, a power calculation was conducted to determine
how many source and control farms (the observational
unit) would be needed to detect a clinically relevant
difference in age at first calving of 30 d between groups.
Using a 2-tailed test at 5% confidence level with a power
of 80%, 53 herds per group were required. This metric,
age at first calving, was chosen as the single critical key
performance indicator of all aspects of heifer-rearing
management, including nutrition and health, particu-
larly in a seasonal calving management system, which
predominates in Ireland. To allow for herd dropout over
the course of the 3-yr study, extra herds were recruited
where possible.

Depending on the information gathered in the tele-
survey, SDF (n = 66) were randomly selected to take
part in a wider longitudinal study to investigate the
animal health and production implications of contract-
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rearing. Interested CF (n = 54) were then selected for
inclusion based on the geographical proximity to source
farms, to minimize travel time and facilitate sample
collection. Participation in the study was voluntary
and nonincentivized. The herd recruitment process is
outlined in Figure 1. The geographical distribution of
recruited and surveyed farmers is displayed in Figure 2.

Survey Design

Existing questionnaire surveys with a large biosecu-
rity component were identified through an extensive
review of the literature, performed using 4 databases
(PubMed, Google Scholar, Science Direct, and CAB
Direct). A search was conducted for the following key
words: “biosecurity survey cattle,” “biosecurity ques-
tionnaire cattle,” “farm management practices,” “neo-
natal calf management,” “custom rearing,” “contract
rearing,” “heifer grazier,” “custom grower,” “survey,”
“dairy,” “cattle,” “calving management,” “biosecurity
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heifer rearing,” “biocontainment,” “bioexclusion,” “calf
ranches,” and their combinations. Approximately 30
surveys were assessed to determine suitability for com-
mon production systems present in the study popu-
lation. Upon review, it was determined that none of
the available surveys were compatible with the aims
of the study. Instead, a pool of relevant questions was
compiled from web-based herd health management
tools (My Healthy Herd, an online herd health plan-
ning and reporting tool, www.myhealthyherd.co.uk;
and Biocheck.UGent, https://biocheck.ugent.be/en)
and selected published surveys (Brennan and Christley,
2012; Sayers et al., 2013; Sarrazin et al., 2014). Further
questions were compiled and questions prioritized for
inclusion during consultation with a biosecurity expert
group (5 members of the National Biosecurity Tech-
nical Working Group, Animal Health Ireland). From
this pool of questions, 2 survey questionnaires were
designed. The survey intended for distribution to con-
trol farmers consisted of 99 questions. The source dairy

farmer survey contained 110 questions; 99 of these
questions were common to the control farmer survey,
with 11 additional questions relating specifically to
contract-rearing practices.

Questions common to both surveys were broadly split
into the following sections: farmer and herd character-
istics, bioexclusion practices, calving and newborn calf
management, unweaned heifer management, weaned
heifer management, and herd vaccination protocols. An
additional section containing 11 questions relating to
contract-rearing practices was included for source dairy
farmers (Table 1).

The surveys consisted of a combination of open- and
closed-ended, multiple choice, and Likert scale ques-
tions. The surveys were piloted by researchers and
dairy farm managers within the Teagasc research in-
stitute. Following the pilot phase of survey design, the
time required to complete the survey was estimated at
between 30 and 40 min, and minor modifications were
made to the structure of some questions.

0 50 100 km

@ Control-farms (CF)
@ Contract rearing farms (CRF)
@® Source dairy farms (SDF)
I Northern Ireland
Dairy cow numbers
[] 2000 - 20600
[] 20600 - 45000
[ 45000 - 118900
I 118900 - 173200
Il 173200 - 378200

Figure 2. Location of source dairy farms (SDF), their associated contract-rearing farms (CRF), and control dairy farms (CF). The distribu-
tion of dairy cow population density by county region (during 2018) is shown in the background. (Source dairy farmers: dairy farmers sending
replacement heifers off-site for rearing purposes; control dairy farmers: dairy farmers rearing their own replacement heifers).

Journal of Dairy Science Vol. 104 No. 12, 2021


www.myhealthyherd.co.uk
https://biocheck.ugent.be/en

McCarthy et al.: BIOSECURITY PRACTICES ON IRISH DAIRY FARMS

Survey Administration

Survey packs consisting of a cover letter, a written
questionnaire, and a self-addressed return envelope were
posted to 120 participating farmers in September 2018.
Herd owners were asked to return the survey within 1
mo of the postage date. Text reminders were scheduled
on a weekly basis beyond the return deadline date for
nonrespondents from October 2018. This was followed
by a reminder telephone call in November 2018 to the
remaining nonrespondents.

Data Processing and Analysis

All survey responses were inspected, and responses
relating to herd size, herd type, purchase, and animal
movement records were validated through comparison
with information provided by the Irish Cattle Breeding
Federation national herd database.

Free-text statements were examined and grouped
according to themes. Valid survey responses were en-
tered into a database worksheet program (Excel, 2010,
Microsoft Corp.). Each response was then assigned a
categorical code to allow descriptive statistical analysis.

For questions with multiple response options, responses
were dichotomized where appropriate. Data were
exported to SPSS 24.0 (SPSS Inc.), and descriptive
statistics were calculated for farm characteristics and
management practices.

Farms were stratified into 2 subcategories according
to heifer-rearing practices: herds where heifers were
reared off-site by another farmer (SDF) and those
where heifers were reared on their farm of origin (CF).
Descriptive statistics for quantitative and categorical
variables were individually calculated. Chi-squared
tests were used to test associations between herd cat-
egories and survey responses. Fisher’s exact test was
used when more than 20% of cells had expected fre-
quencies of <5. A significance level of 0.05 was used.
Farm was the experimental unit for analysis.

RESULTS
Farmer and Herd Characteristics

The overall survey response rate was 93% (SDF, 94%;
CF, 93%). The surveyed farms were distributed across
all 4 provinces and 19 of the 26 counties of the Republic

Table 1. Areas of farm management and associated variables included in questionnaires administered to source dairy farmers and control dairy
farmers (source dairy farmers: dairy farmers sending replacement heifers off-site for rearing purposes; control dairy farmers: dairy farmers rearing

their own replacement heifers)

Questionnaire section Variables

Farmer and herd
characteristics
managed.

Bioexclusion practices

Address, herd number, herd designator, reason for participation, calving pattern, herd size, replacement
rate, farm enterprise and other stock kept on farm, herd biosecurity status, number of land blocks

Use of own equipment/contractor to spread slurry, use of slurry from other herds, grazing management

after slurry application. Use of footbaths, livestock transportation method, cleaning/disinfection
practices for farm visitors, co-grazing of animals with other species, hygiene practices when working
with animals of different ages, rodent control policy, farm water source. Number of animals purchased

Calving and newborn calf
management

Unweaned heifer management

Weaned heifer management

Herd vaccination protocol
(biocontainment practices)

Specific questions for source
dairy farmers

and source of bought-in animals, isolation and testing policy for bought-in animals. Details of bounding
farms and rivers/streams running through farm. Pets kept on farm, wildlife seen on farm.

Type of calving facility used, max number of animals it can house, when cows are moved to calving
pen, location of calving facilities, use of calving facilities for sick animals, cleaning and disinfection
procedures of calving facilities. Navel disinfection practices, product and timing of application.
Colostrum feeding practices; source, quantity, and method of feeding; assessment of quality and storage.

Type of milk fed to calves, number of feedings per day, feeding of nonsaleable milk, calf housing, sick
calf housing, calf feeding equipment, cleaning/disinfection of housing facilities, weaning criteria.

Grazing management and parasite control strategies

Products used and dates of vaccination for the following: BVD,' IBR,? calf pneumonia, calf diarrhea,
leptospirosis, salmonellosis.

Age/weight/month heifers moved to CR.? responsibility for breeding management, health checks
performed on heifers before moving, transport of heifers to and from CR, isolation of heifers upon
return from CR.

'BVD = bovine viral diarrhea.

’IBR = infectious bovine rhinotracheitis.

3
CR = contract rearer.
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Table 2. Details of responses of surveyed source dairy farmers (SDF) and control farmers (CF) to bioexclusion practice variables' (source
dairy farmers: dairy farmers sending replacement heifers off-site for rearing purposes; control dairy farmers: dairy farmers rearing their own

replacement heifers)

SDF CF
SDF vs. CF
Practice variable % n % n (P-value)
Have a disinfectant foot dip on farm 93.2 59 92 50 1.00
Use own equipment for slurry spreading 5 60 24 50 0.004
Agricultural contractor used for spreading slurry only 56.7 60 22 50 <0.001
Use own trailer only for cattle haulage 20.7 58 50 50 0.001
Cleaning of livestock trailers 98.2 55 100 50 0.338
Disinfection of livestock trailers 17.5 57 6 50 0.068
Keep non-owned livestock species on farm 0 51 0 50 1.00
Exhibit animals at agricultural shows 1.6 62 2 50 1.00
Nose-to-nose contact possible between neighboring cattle 13.3 60 14 50 0.919

'n = number of respondents; % = percentage of respondents.

of Ireland, with the largest density of farms located in
County Cork, reflecting the distribution of the national
dairy cow population (Figure 2). Most commonly,
source dairy farmers were sending heifers to rearers
within the same county (75%). The predominant calv-
ing pattern across farm types was spring calving (92%),
with the remaining farmers operating a split-calving
system (spring and autumn calving). We found that CF
were less specialized and more fragmented than SDF,
with 30% operating a nondairy enterprise (compared
with 11% of SDF) and 94% farming more than one
land block (compared with 68% of SDF). The SDF had
larger herds than CF (P = 0.004), with a median herd
size of 195 cows (range 60-380 cows) compared with
120.5 cows (range 60-501 cows) for CF.

Most frequently, SDF reported sending heifers to a
contract-rearing unit taking heifers from their farm
only—that is, single-origin rearing unit (70%). Ap-
proximately 28% of SDF sent heifers to contract rearers
taking heifers from 2 or more dairy farms. The remain-
ing SDF sent heifers to more than one contract rearer
(2%). Heifers were most frequently sent to the contract-
rearing unit between 2 and 4 mo of age (53% of SDF)
and returned to the SDF between 18 and 21 mo of age
(56% of SDF).

Bioexclusion Practices

Methods of slurry application and cattle transpor-
tation differed between SDF and CF (Table 2). Most
commonly, SDF outsourced these activities to external
contractors, and CF used their own equipment. No dif-
ferences existed in cleaning and disinfection procedures
for livestock trailers between farm types. Measures tak-
en to minimize contact between owned and non-owned
cattle were similarly and consistently implemented on
SDF and CF.

The majority (>66%) of SDF and CF reported
purchasing cattle during 2018. Results showed no sig-
nificant differences in quarantine and testing policies
for newly purchased animals adopted by SDF and CF
(Table 3). Similarly, we found no significant differences
between SDF and CF in relation to practices under-
taken to prevent contact between owned cattle and
other animal species (Table 4).

Measures taken to reduce environmental disease
transmission were consistently implemented across
farm type. Almost all farmers spread slurry exclusively
from their own farms, but few observed a 6-wk waiting
period between slurry spreading and returning stock to
pastures (Table 5).

Table 3. Details of responses of surveyed source dairy farmers (SDF) and control farmers (CF) relating to isolation and testing strategies for
newly purchased animals (source dairy farmers: dairy farmers sending replacement heifers off-site for rearing purposes; control dairy farmers:

dairy farmers rearing their own replacement heifers)

SDF CF
SDF vs. CF
Practice variable % n % n (P-value)
Purchase animals 75 60 68 50 0.416
Isolate purchased animals 79.5 44 79.4 34 0.988
Optimum quarantine period observed (>4 wk) 15.2 33 14.8 27 0.971
Optimum quarantine facility used (>3 m from other cattle) 91.2 34 92.6 27 0.841
Test newly purchased animals for at least 1 infectious disease 22.7 44 28.1 32 0.592

(excluding routine tuberculosis herd testing)

Journal of Dairy Science Vol. 104 No. 12, 2021
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Table 4. Details of responses of surveyed source dairy farmers (SDF) and control farmers (CF) relating to measures taken to prevent direct and
indirect contact with non-owned animals and other species (source dairy farmers: dairy farmers sending replacement heifers off-site for rearing
purposes; control dairy farmers: dairy farmers rearing their own replacement heifers)

SDF CF
SDF vs. CF

Practice % n % n (P-value)
Co-grazing with other species 0 51 0 50 0.839
Keep a pet on the farm 86.7 60 84 50 0.693
Keep a dog on farm 75 60 68 50 0.416
Operate a rodent control policy 100 59 98 48 1.00
Observed wildlife species on farm during 2018 97 60 98 50 1.00

Biocontainment Practices

Survey responses indicated few significant differences
in workflow practices adopted by farmers when working
between cattle of different age groups (Table 6). Some
measures were undertaken by most farmers in both
cohorts, such as washing of equipment between uses
on animals of different ages. In contrast, hand sanita-
tion measures (<50%) and use of disinfectant foot dips
(<45%) when moving between management groups
were poorly implemented by both groups. We found
that SDF were more likely than CF to change gloves
when working between management groups.

Herd vaccination protocols were similar across farm
types for adult animals. Almost all source and control
dairy farmers vaccinated dairy cows (>94%) and breed-
ing bulls (>83%) for at least one infectious disease
(Table 7).

Calving and Newborn Calf Management

Calving Facilities. Specialist calving facilities were
used by all dairy farmers, with the majority (>78%)
using group pens located separately from dry-cow hous-
ing facilities. Hygiene management of calving pens was
similar across farm types, with the majority of SDF
and CF performing some cleaning routine multiple
times during the calving season (>89%). Use of calving
facilities to house sick animals was common (>74%)
among farmers in both groups.

Navel D:isinfection and Perinatal Feeding
Practices. Navel disinfection and colostrum feeding

practices did not differ significantly between control
and source dairy farmers (Table 8). The mean number
of colostrum feedings received by calves was 3.1 for
SDF and 3.5 for CF.

Older Calf Management

Management of calf housing did not vary greatly
across farm types. The use of individual calf pens in the
preweaning period was more common among CF than
SDF, whereas segregation of bull and heifer calves was
more commonly practiced by SDF than CF (Table 9).

Contract-Rearing-Specific Biosecurity Practices

Almost all SDF (90%) reported that they inspect
heifer calves for signs of ill health before moving them
to the contract-rearing unit. The majority (59%) of
SDF did not have a quarantine procedure for heifers
returning from the rearing unit.

DISCUSSION

This is the first study to investigate management and
biosecurity practices undertaken by Irish dairy farmers
engaged in contract heifer rearing. The surveyed source
farmers represented approximately 7% of all Trish dairy
farmers sending heifers for contract-rearing (Dillon et
al., 2017). Given the recruitment methodology, range of
farm sizes, and nationwide dispersal of the study farms,
the sample of surveyed farmers is representative of the
population of dairy farmers engaged in the contract-

Table 5. Details of responses of surveyed source dairy farmers (SDF) and control farmers (CF) relating to measures taken to reduce the risk of
environmental disease transmission (source dairy farmers: dairy farmers sending replacement heifers off-site for rearing purposes; control dairy

farmers: dairy farmers rearing their own replacement heifers)

SDF CF
SDF vs. CF
Practice % n % n (P-value)
Spread slurry sourced from own farm only 93.3 60 98 50 0.376
Observed 6-wk waiting time between slurry spreading and grazing cattle 5 60 4.3 47 1.00
Farm water source: mains or well only 90 60 90 50 1.00
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Table 6. Details of responses of surveyed source dairy farmers (SDF) and control farmers (CF) relating to measures taken to prevent within-
farm transmission of disease (biocontainment practices; source dairy farmers: dairy farmers sending replacement heifers off-site for rearing
purposes; control dairy farmers: dairy farmers rearing their own replacement heifers)

SDF CF
SDF vs. CF

Practice % n % n (P-value)
Wash hands between management groups 37.3 59 50 50 0.182
Change gloves between management groups 61 59 40.8 49 0.036
Wash equipment between management groups 69.5 59 64 50 0.544
Graze animals of different age groups together 5 60 4 50 1.00
Move older calves back to pens with younger calves 71.7 60 84 50 0.124
Dip boots in disinfectant footbath between groups 44.8 58 44 50 0.931

rearing industry in Ireland. Most farms were in the
southwest, southeast, and midwest regions, correspond-
ing to the areas with the highest density of dairy farms
and dairy cows in Ireland. In line with the national
trend of herd expansion, but at a higher adoption rate
(nationally 79%; Ramsbottom et al., 2020), the major-
ity of control (92%) and source dairy farmers (93%)
increased their herd sizes between 2013 and 2018. Thus,
compared with the national median dairy herd size (86
cows), both SDF and CF had larger-than-average herds;
SDF herds were larger than CF herds, even though an
equal proportion of each group had increased their herd
size in the previous 5 yr. As a result, the likely motiva-
tion for SDF to outsource the heifer-rearing enterprise
was to allow for unhindered expansion by focusing re-
sources on the milking herd. Results indicate that CF
were less specialized than SDF, with many operating
more than one enterprise. A possible explanation for
this is the increased land fragmentation associated with
these farms. Restricted access to the milking parlor by
cows on fragmented control farms may also account for
their smaller herd size.

Contract-Rearing Arrangements

The majority of SDF sent heifers to contract rear-
ers who took in heifers from a single dairy farm.
Contract-rearing represents a similar risk to purchase
of animals, regarded as the most important route for

disease transmission (Sarrazin et al., 2014). However,
by limiting the number of farms of origin, the bios-
ecurity risk associated with introduction of animals is
reduced. A further potential biosecurity risk associated
with contract-rearing is movement of animals over long
distances to regions with potentially diverse infectious
disease profiles. However, in this study, most source
dairy farmers sent calves to a rearing unit within the
same county. As a result, calves traveled over relatively
short distances (most <100 km), minimizing transport
stress and risk of infection of naive calves by novel
pathogens.

As a result, the (ad hoc) structure of the contract-
rearing industry in Ireland, as of 2018, appears con-
ducive to lowering the biosecurity risk associated with
heifers returning to the source herd by reducing contact
opportunities between cattle of multiple origins from
distinct geographical locations of unknown health sta-
tus. Although contract-rearing is a relatively new farm
enterprise in Ireland, increased specialization of the
industry may occur in the future, in line with global
trends (Wolf, 2003; McDougall, 2006). Such specializa-
tion may involve rearing of heifers from multiple source
herds, with accompanying increased biosecurity risks.
Growth and specialization in the contract-rearing in-
dustry may, however, be dependent upon continued
national dairy herd expansion, a development currently
under scrutiny due to the possible associated adverse
environmental sustainability impacts.

Table 7. Questionnaire responses of source dairy farmers (SDF) and control dairy farmers (CF) regarding the use of vaccines on cows and
breeding bulls during 2018 (source dairy farmers: dairy farmers sending replacement heifers off-site for rearing purposes; control dairy farmers:

dairy farmers rearing their own replacement heifers)

SDF CF
SDF vs. CF
Practice % n % n (P-value)
Breeding bulls vaccinated for at least 1 infectious disease 87.7 57 83.3 42 0.536
Cows vaccinated for at least 1 infectious disease 100 67 94.3 53 0.083
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Table 8. Questionnaire responses of source dairy farmers (SDF) and control dairy farmers (CF) relating to management of calves during the
neonatal period (source dairy farmers: dairy farmers sending replacement heifers off-site for rearing purposes; control dairy farmers: dairy

farmers rearing their own replacement heifers)

SDF CF
SDF vs. CF

Practice % n % n (P-value)
Perform navel disinfection on all calves 81.7 60 90 50 0.217
Todine-based product used for navel disinfection 87 46 93 43 0.343
All calves fed colostrum within 1 h of birth 15.8 57 30.6 49 0.069
All calves fed colostrum from own dam only 22.4 58 24 50 0.845
Calves fed first feed by assisted suckle of dam 98.3 59 100 50 0.355
Assess colostrum quality 50 58 46 50 0.678
Feed waste milk to calves 73.3 60 80 50 0.413
Biosecurity Practices disease status, widespread adoption of quarantine pro-

Bioexclusion Practices. Although a higher pro-
portion of source dairy farmers reported outsourcing
activities such as slurry spreading and livestock haulage
compared with control farmers, few further differences
were evident in relation to bioexclusion practices un-
dertaken by study farmers. Increased use of external
contractors by source dairy farmers probably reflects
the larger scale and specialization of these farms. In the
absence of adequate hygiene measures, use of contractor
equipment on multiple farms poses a biosecurity risk
(Porphyre et al., 2020). This is of particular importance
for livestock trailers and slurry spreading equipment,
due to potential fecal contamination and associated
disease transmission risk for several infectious agents
(Griffin et al., 1993; Vaessen et al., 1998; Phillips et al.,
2003; Dixon et al., 2011).

Purchase of animals was common among both farmer
cohorts, possibly because almost all these herds are
undergoing expansion. Consequently, the majority of
study farmers were considered to have open herd status
with unrestricted bidirectional animal movement per-
mitted, a major disease transmission route for several
pathogens (Mee et al., 2012). Given the increased risks
associated with introduction of animals of unknown

tocols was expected on study farms. Unsurprisingly,
then, our results showed greater use of quarantine
among farmers in this study compared with farmers
surveyed in other studies conducted in Ireland (Sayers
et al., 2013), the United States (Sanderson et al., 2000),
the United Kingdom (Brennan and Christley, 2012),
and other European countries (Sahlstrom et al., 2014;
Sarrazin et al., 2014). The majority of surveyed farmers
in both cohorts had a quarantine protocol in place for
newly purchased animals and used appropriate facili-
ties located away from other animals (Edwards, 2010)
but did not observe the recommended isolation period
of 4 wk (Bazeley, 2009). Observing a quarantine period
of at least 4 wk allows for manifestation of clinical signs
associated with infectious agents with relatively long in-
cubation periods (Villarroel et al., 2007). Post-purchase
disease testing was not routinely carried out by farmers
in either cohort, consistent with the findings of several
biosecurity studies in Ireland and farther afield (Faust
et al., 2001; Sayers et al., 2013; Sahlstrom et al., 2014;
Denis-Robichaud et al., 2019).

Biocontainment Practices. Overall, few differenc-
es in the implementation of biocontainment practices
were evident between source and control dairy farmers.
Some measures were widely adopted by famers in both

Table 9. Questionnaire responses of source dairy farmers (SDF) and control dairy farmers (CF) relating to management of calves during the
preweaning period (source dairy farmers: dairy farmers sending replacement heifers off-site for rearing purposes; control dairy farmers: dairy

farmers rearing their own replacement heifers)

SDF CF
SDF vs. CF
Practice % n % n (P-value)
Calves housed exclusively individually up to weaning 13.6 59 34 50 0.011
Calves kept in groups of 10 or less 30.5 59 46 50 0.096
Nose-to-nose contact possible between different batches of calves 73.3 60 84 50 0.177
Calves exposed to cow manure in housing areas 8.3 60 20 50 0.076
Heifers housed separately from bull calves 76.3 59 42.9 49 <0.001
Dedicated calf sick pen in separate house from other calves 26.7 60 18 50 0.280
Calves share airspace with older animals 38.3 60 34 50 0.638
Disinfect calf houses between seasons 83 47 80 45 0.713
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cohorts, including housing and grazing youngstock in
management groups according to age. However, few
farmers took personal hygiene or disinfection precau-
tions when moving between these management groups.
Similar findings have been reported in other studies
(Brennan and Christley, 2012; Sarrazin et al., 2014)
and may be attributable to the perceived ineffective-
ness and impracticality of such measures by farmers
(Shortall et al., 2017). Further, a large percentage of
farmers from both cohorts reported moving calves be-
tween management groups when growth rate targets
were not being met, as from older back to younger age
groups. Failure to observe adequate hygiene practices
when moving between management groups and com-
mingling of calves of different ages places younger,
more susceptible animals at greater risk of exposure to
pathogens carried by older, immunocompetent calves
(Gulliksen et al., 2009).

Neonatal Calf Management

Management practices relating to neonatal calves
were similar on source and control dairy farms. The
widespread use of group maternity pens by almost
all farmers was an expected finding, given that most
herds were relatively large and in a phase of expansion.
Because overcrowding of the calving area is likely to
occur on large farms (Kennedy et al., 2014), frequent
cleaning and disinfection of the maternity area is of
particular importance, to limit exposure of neonatal
calves to pathogens. Despite this, management of the
calving area was suboptimal on almost all farms in this
study, placing calves at higher risk of morbidity due
to diarrhea, navel ill, and pneumonia (Svensson et al.,
2003). Compared with previous Irish and international
studies, the use of calving facilities to house sick ani-
mals was more common among farmers in this study
(Kennedy et al., 2014; Denis-Robichaud et al., 2019).
This practice is a risk factor for transmission of several
infectious agents, including Johne’s disease (McAloon
et al., 2017), and suggests possible inadequacy of infra-
structure resources to meet the needs of the expanding
herd or lack of awareness of the risks involved.

Best practice colostrum feeding guidelines are based
on the principle that maximum absorption of IgG an-
tibodies occurs in the first hours following birth. As a
result, farmers are encouraged to feed calves an ade-
quate quantity of good-quality, hygienic colostrum from
their dam as soon as possible after birth (Lorenz et al.,
2011). Although the majority of study farmers fed a
sufficient volume of colostrum, prompt feeding of this
colostrum was poorly implemented on both farm types.
In addition, few farmers conducted any assessment of
colostrum quality, and the majority reported feeding
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pooled colostrum, a known risk factor for transmission
of several pathogens (Selim and Cullor, 1997; Nielsen
et al., 2008). These findings were consistent with those
of an Irish study by Cummins et al. (2016), who also
reported suboptimal hygiene of maternity pens and
colostrum feeding practices on Irish dairy farms, par-
ticularly among larger-than-average herds.

Older Calf Management

Although management practices relating to calves
beyond the neonatal period were similar on both farm
cohorts, some differences were evident in calf housing
facilities, with use of group calf pens and separation
of heifer and bull calves more commonly reported by
source farmers compared with control farmers. This
may reflect the larger size of source farms and attempts
to streamline calf-rearing practices during the busy
seasonal calving period. Grouping of heifers of similar
ages in management groups distinct from bull calves
may facilitate easier transition to the rearing unit or
may reflect the increasing tendency for early removal
of surplus bull calves to reduce labor requirements on
large Trish dairy farms (Balzani et al., 2021).

Contract-Rearing Specific Questions

Although the majority of source dairy farmers report-
ed having an isolation protocol for purchased animals,
the majority did not implement a quarantine procedure
for heifers returning from the rearing unit. Given that
most study farmers sent heifers to single-source con-
tract-rearing units, these farmers may perceive the bi-
osecurity risks associated with reintroducing heifers to
be lower than that of purchased animals. Despite this,
direct and indirect contact between heifers and resident
or neighboring cattle populations at the rearing unit
may result in exposure to infectious pathogens. Thus,
risk mitigation strategies are of particular importance
for returning heifers (Van Schaik et al., 1999; Benavides
et al., 2020). These animals should be quarantined for
a period of at least 4 wk in a facility located away from
other animals on the farm (Bazeley, 2009) As such,
source dairy farmers should aim to return heifers at
least 1 mo before expected calving date or maintain
separate calving facilities for heifers and cows.

CONCLUSIONS

Despite the animal health risks associated with con-
tract heifer rearing, implementation of key biosecurity
measures did not significantly differ between source
and control dairy farms. The findings of this study
indicate that most farmers undertook some biosecurity
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measures, but improvements could be made to several
areas, including disinfection procedures taken by farm
visitors, testing and quarantine procedures for newly
purchased and sick animals, colostrum feeding prac-
tices, and hygiene of calving areas. Although few dairy
farmers in this study sent heifers to multiclient rearing
units, challenges to heifer health still exist due to the
immunosuppressive stress response to transportation,
handling, and adaption to a new environment. Addi-
tionally, in the absence of adequate quarantine and test-
ing procedures, heifers returning from the rearing unit
pose a threat to the health of cows in the milking herd.
As a result, the future success of the contract-rearing
industry is dependent on more stringent implementa-
tion of biosecurity measures by source dairy farmers to
overcome these inherent disease transmission risks of
the practice.
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