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Preface

Many new books on specific bovine medicine topics have been

published since the last edition of this book, with the major-
ity of them taking a traditional approach to their structure and
content. This book takes a radical departure from this format
in order to provide the additional skills and insights required
for modern service delivery and practice organisation. To this
end, the publishers and I have decided to completely restruc-
ture and rewrite the book so that it reflects the shift in the skills
sets required for modern cattle practice. This edition does not
retain any chapters from the previous editions, and has a new
multi-national team of contributors.

The aim of the book is to provide a selection of useful, relevant
and practical information for the cattle practitioner, which is
not readily available elsewhere, and which supports modern
practice and industry needs. The book could equally have
been retitled ‘Cattle Practice’ to reflect the change in scope and
emphasis in this new edition. The non-technical skills, such as
leadership, marketing, communication and business organisa-
tion, are now represented. In addition, the book acknowledges
the growing importance of population medicine and herd
health management planning. The skills required to support
this important shift form the backbone of the book. Key tech-
nical skills are also represented, such as: the ability to perform

an on-farm post-mortem and to take appropriate samples; the
ability to select appropriate antimicrobials; and to optimise pain
management.

The book comprises 57 chapters. Each chapter provides a set
of learning objectives so the reader is given an insight into the
author’s intent. It is partitioned into six sections: Modern cattle
Practice and Education, Professional Skills, Clinical Skills, Herd
Health, Dairy Cattle Herd Health and Beef Cattle Herd Health.
The clinical or farm audit has been used as an applied structural
framework to integrate husbandry, welfare and health at a group
or herd level within the herd health sections. The audit scopes
across the management practices, and processes and identifies
relevant key performance indicators and target values to mea-
sure the strengths and weaknesses of performance. The intent is
not to provide all the traditional information about a topic, as
this can be found easily elsewhere, but to indicate how knowl-
edge and information can be used in risk assessment and in the
formulation of reccommendations that have a high impact at pop-
ulation level. Further reference information on cattle diseases is
provided in a Vade Mecum at the end of the book. The chapters
collectively form a toolkit of skills that will support the delivery
of cattle practice.

xi
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Modern Cattle Practice






CHAPTER 1

Sustainability and One Health

Judith L. Capper

Learning objectives

o Understand future demands for food production and the need
for sustainability.

o Appreciate the global impact of bovine production.

« Be aware of the opportunities for mitigation.

o Understand the environmental impacts
perception.

« Appreciate the role of the veterinarian/animal scientist and
future developments.

and public

Introduction

The sustainability of global bovine production systems is
currently one of the most highly debated issues relating to
food production. Ruminant livestock provide high-quality
animal-source foods in conjunction with a myriad of associ-
ated economic and social benefits to communities worldwide.
Nonetheless, the question is often raised as to whether the
consumption of milk and meat is inherently unsustainable.

Sustainability was defined within the Brundtland Report
(United Nations World Commission on Environment & Devel-
opment, 1987) as: ‘meeting the needs of the present without
compromising the ability of future generations to meet their own
needs’, and this remains the most commonly used definition,
implying the need to use resources at rates that do not exceed
the earth’s capacity to replenish them, while ensuring human
food security. 870 million people are currently considered to be
food-insecure on a global basis (Food & Agriculture Organi-
sation of the United Nations, 2012), so global food production
could be argued to be unsustainable as per the first half of
the definition.

Nonetheless, a sustainable food system is not simply depen-
dent upon producing sufficient food but upon delivering

and marketing food through an efficient infrastructure with
minimal waste. The political and logistical challenges associated
with food provision to currently food-insecure populations are
beyond the scale of this chapter, so discussion will be confined to
the three pillars of sustainability (i.e. economic viability, social
responsibility and particularly environmental stewardship), as
these relate to bovine production systems.

Within any production system, a balance must exist between
environmental stewardship, economic viability and social
responsibility; if one of these factors is out of alignment, the
system cannot achieve long-term sustainability. For example,
the use of hormone implants to improve productivity within
US beef production has positive economic and environmental
effects (Capper & Hayes, 2012), yet such technologies are not
registered for use within the European Union and, as such, are
socially unacceptable (Lusk et al., 2003). No ‘magic bullet’ or
suite of production practices exists to achieve global sustain-
ability; individual production systems must be tailored to the
resources, climate and culture indigenous to that region and to
potential export markets. However, there is no doubt that pre-
vailing global consumer and policy-maker concerns regarding
the environmental sustainability of bovine production will have
considerable effects on future production systems.

The global population is predicted to plateau at over 9.5 billion
people in the year 2050 (Food & Agriculture Organisation of
the United Nations, 2009) with disproportionate increases
in population growth in the developing world. Concurrent
increases in the per capita income within China, India and
Africa over this time period will result in considerable increases
in animal-source food consumption within currently impov-
erished nations and a projected 70% increase in global food
requirements (Food & Agriculture Organisation of the United
Nations, 2009; Masuda & Goldsmith, 2010).

The challenge facing global bovine production is to supply
the growing population with sufficient economically affordable

Bovine Medicine, Third Edition. Edited by Peter D. Cockcroft.
© 2015 John Wiley & Sons, Ltd. Published 2015 by John Wiley & Sons, Ltd.
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milk and meat products to maintain dietary choice and human
health while minimising environmental impact through reduc-
tions in both resource use and waste output. This challenge
has myriad implications at the regional level, many of which
are dependent on the current state of agricultural research and
technology adoption. Despite the highly developed nature of
the UK agricultural production system, Leaver (2009) notes
that significant investment in research and development, and a
greater collaboration between agricultural practice and science,
are required in order to meet the rising demand for food in the
UK (predicted to increase by 25% over the next 50 years) and to
remain competitive on the global market.

What is the global impact of bovine
production?

Discussion of animal agriculture’s environmental impact is
often restricted to greenhouse gas (GHG) emissions. Under the
Climate Change Act of 2008, the UK government made a legally
binding commitment to reduce GHG emissions by 80% by the
year 2050, including a 11% reduction in GHG emissions (based
on 2008 emissions) from agriculture by 2020 (HM Government,
2008), underlining the significant political concerns relating
to this issue. However, resource scarcity (specifically water,
land, inorganic fertilisers and fossil fuels) may be argued to
have a greater immediate effect upon food production than
climate change. Dairy and beef production also have a variety of
direct environmental impacts (including positive and negative
effects upon water and air quality, nutrient leaching, soil erosion
and biodiversity) that should be included in environmental
assessments. Nonetheless, the majority of studies to date have
concentrated on GHG as the sole arbiter of environmental
impact, so therefore GHG will be assumed to be a valid proxy
for environmental effects in the following discussion, unless
otherwise stated.

Global GHG emissions from agriculture were estimated by
Bellarby et al. (2008) to account for between 17% and 32%
of all human-induced emissions, with a recent report by the
FAO (Food & Agriculture Organisation of the United Nations,
2006), concluding that animal agriculture contributes 18% of
GHG emissions. In conjunction with estimates citing animal
agriculture’s contribution at up to 51% (Goodland & Anhang,
2009), these data have been eagerly adopted by activist groups
as evidence for the benefits of a vegetarian or vegan lifestyle
(Environmental Working Group, 2011). Due to methodological
flaws, the 18% figure cited by the FAO is considered to be
an overestimate (Pitesky et al., 2009). Nonetheless, ruminant
production systems make a significant contribution to total
GHG emissions and resource use, due to having relatively less
efficient feed conversion than their monogastric cohorts.

Dairy production accounts for approximately 2.7% of
worldwide GHG emissions, with average emissions of 2.4kg
CO,-eq/kg FPCM (fat and protein-corrected milk) at the
farm gate (Food & Agriculture Organisation of the United
Nations, 2010). Nonetheless, significant regional variation
exists, with emissions ranging from 1.3 CO,-eq/kg FPCM in
North America to 7.5kg CO,-eq/kg FPCM in sub-Saharan
Africa. Plotting average FPC milk yield against carbon footprint
reveals a negative correlation - as production intensity and milk
yield decrease with a regional shift from the developed to the
developing world, GHG emissions increase (Figure 1.1).

Similar effects of productivity upon GHG emissions would be
predicted for global beef production, yet are not borne out by
comparisons among studies (Figure 1.2). These exhibit consider-
able methodological variation, and show that intensive systems
have GHG emissions per kg beef ranging from 9.9-36.4kg
CO,-eq, compared with extensive systems at 12.0-44.0kg
CO,-eq/kg beef (Capper, 2011b; Cederberg et al., 2011; Ogino
et al., 2004; Peters et al., 2010).

Within both dairy and beef production, the environmental
mitigation effect of improved productivity is conferred by
the ‘dilution of maintenance’ concept, as shown in Figure 1.3
(Capper, 2011a; Capper et al., 2008).

Every animal in the dairy or beef herd has a daily mainte-
nance nutrient requirement that can be considered as a proxy
for resource use and GHG emissions. As productivity (milk
yield, meat yield or growth rate) increases, the proportion of
daily energy allocated to maintenance decreases and the main-
tenance requirement of the total animal population decreases.
This is exemplified by comparing the US dairy industries in
1944 and 2007: a four-fold increase in milk yield per cow over
this time period reduced the national dairy herd from 25.6
million to 9.2 million cattle, with a concurrent 59% increase in
milk production (53 billion kg in 1944 vs. 84 billion kg in 2007).
This reduced feed use by 77%, land use by 90%, water use by
65% and conferred a 63% decrease in GHG emissions per kg of
milk (Capper et al., 2009). Similarly, if growth rate is increased
in beef cattle, the population maintenance requirement is
reduced because cattle take fewer days to reach slaughter
weight. Considerable reductions in feed (19%), land (33%),
water (12%) and GHG emissions (16%) were demonstrated
by productivity improvements within the US cattle industry
between 1977 and 2007 (Capper, 2011a). In this instance,
environmental impact was reduced by an interaction between
greater slaughter weights (607 kg vs. 468 kg) and faster average
growth rates (1.18kg/d vs. 0.72kg/d) in 2007 compared with
1977 (Figure 1.3).

It is clear that improving system productivity and efficiency
has a significant effect upon environmental sustainability. The
aforementioned regional comparisons could lead to the con-
clusion that, for example, all regions should adopt confined
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Figure 1.2 Regional and production system (intensive vs. extensive) variation in greenhouse gas emissions per unit of beef.

feeding operations such as those commonly practised in North
America, in order to mitigate environmental impact. However,
the three-faceted nature of sustainability must be considered;
GHG emissions from dairy cattle in sub-Saharan Africa may be
considerably higher than those in Europe. However, the nutri-
tional and economic value gained from animal production, in
addition to the social status of livestock ownership in developing

countries, means that environmental impact cannot and should
not be the sole consideration.

However, making the most efficient use of available resources
has a two-fold advantage to the producer - efficient use of
resources reduces environmental impact and reduces the
economic costs of production (Capper & Hayes, 2012), thus
contributing to economic viability.
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Figure 1.3 An example of the dilution of maintenance effect — comparing US beef production in 1977 and 2007.

What are the opportunities for mitigation?

Improved efficiency is inherently tied to a reduction in waste and
losses throughout the system. This may be achieved through
management practices that reduce specific environmental
impacts, e.g. soil testing to assess fertiliser requirements, slurry
injection to reduce nutrient leaching or recycling water for
parlour sanitation (Figure 1.4).

However, whole-system approaches may have a greater overall
mitigation effect. If a dairy or beef system working at optimal

efficiency within every sub-system could potentially produce
a set quantity of milk or meat based on animal genetic merit,
every productivity loss within the system will reduce the poten-
tial yield and increase the environmental impact per unit of
food produced. The potential losses from dairy and beef systems
that will impact environmental sustainability are presented in
Figure 1.5.

Productivity measures such as milk yield (dairy) and growth
rate (beef) arguably have the most significant effect upon
environmental sustainability, yet other metrics must also be

Riparian
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digesters
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Manure
separation

Soil analysis
and slurry
injection

Precision
feeding
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parlour/rain
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Reduced
Environmental
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Figure 1.4 Specific management practices targeted to reduce the environmental impact of ruminant production.
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Figure 1.5 Losses within ruminant production systems that potentially
increase environmental impact.

considered. To date, the environmental effects of less tangible
productivity losses within dairy and beef systems (e.g. fertility,
morbidity and growth of heifer replacements) have yet to be
quantified.

Across dairy and beef industries, mature cow body weight has
often increased concurrently with productivity gains, so daily
resource use and GHG emissions per animal have increased
(Capper, 2011a; Capper et al., 2008). This may lead to future leg-
islative complications if environmental assessments are based
upon the number of livestock units per operation, without
consideration of productivity.

In an evaluation of the environmental impact of cheese pro-
duction from Jersey and Holstein milk, Capper & Cady (2012)
demonstrated that land use, water use and GHG emissions
were reduced by 32%, 11% and 20% respectively by the use
of Jersey cattle. In this instance, environmental savings were
conferred by the interaction between an increase in milk fat and
protein content, combined with decreases in body weight and
milk yield for Jersey cattle. Nonetheless, when breed-specific
traits were examined in isolation, the difference in body weight
between Jersey (454kg) and Holstein (680kg) cattle led to a
74% reduction in population body mass (and thus a reduced
population maintenance requirement), despite a 9% increase
in the total number of cattle required to produce an equivalent
amount of cheese. Within this study, body weight was the
most influential factor affecting environmental impact, with
milk composition and milk yield following closely behind,
yet with little effect of age at first calving, culling rate or
calving interval.

These results were echoed by Bell et al. (2011), who reported
that changing energy-corrected milk (ECM) yield (highly
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correlated with cheese yield) by one standard deviation con-
ferred a 14.1% decrease in the carbon footprint per unit of ECM
compared with feed efficiency, calving interval or culling rate
(6.0%, 0.40% and 0.14% decreases, respectively).

Significant interest exists among beef producers in selecting
cattle for improved feed efficiency, either as an improvement
in residual feed intake (RFL ie. reduced feed consumption
requirement to support maintenance and production compared
with the predicted or average quantity), or through cows that
have a lesser body weight, yet still produce calves that reach
target weights for weaning and finishing. The development of
estimated breeding values (EBVs) for RFI is relatively new, yet
appears to show promise as a strategy by which producers may
improve environmental impact.

Steers selected for high efficiency (low RFI) consumed less
feed over the finishing period compared with low-efficiency
cohorts in a large-scale feedlot study by Herd et al. (2009),
exhibiting a greater dressing percentage and equal finishing
weight at slaughter. Furthermore, Hegarty et al. (2007) reported
that Angus steers showed considerable variation in methane
emissions relative to intake, yet those selected for a lower RFI
had reduced emissions consistent with reduced dry matter
intake (DMI).

If productivity may be maintained on a reduced DMI, as per
the aforementioned Holstein vs. Jersey example, resource use
and GHG emissions would also be predicted to decrease per unit
of output. For example, if mature cow body weight were reduced
from 703 kg to 486 kg, while maintaining the final carcass weight
of the offspring, GHG emissions per unit of beef would decline
by 13% (Figure 1.6).

A negative trade-off exists, whereby selection for increased
productivity within dairy cattle is generally considered to have
contributed to declining fertility rates. Garnsworthy (2004)
demonstrated that restoring fertility levels to those seen in UK
dairy cattle c. 1995 reduced methane emissions per unit of milk
compared with current fertility levels, and achieving ideal fer-
tility reduced GHG emissions still further through a reduction
in the number of heifer replacements required within the herd.

Fertility is arguably the major factor by which global beef
producers (specifically seed stock and cow-calf producers)
could also mitigate the environmental impact of beef produc-
tion. Within beef production, conflict may also exist between
selection for paternal traits (e.g. growth, carcass weight or frame
size) and maternal traits (e.g. fertility, milk yield) under the
nutritional limitations of pasture-based systems (Renquist et al.,
2006). Within the USA, 89% of cows bear a live calf each year
(USDA, 2009), and this number declines to between 50-60%
in the extensive systems characteristic of Brazil, Argentina
and Chile. Given that the cow-calf operation contributes up
to 80% of GHG emissions per unit of beef (Beauchemin et al.,
2010), and that productivity improvements post-calving cannot
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Figure 1.6 The effect of reducing mature beef cow body weight upon greenhouse gas emissions per unit of beef.

compensate for the resource use and GHG emissions associated
with maintaining a non-productive cow, management practices
and technologies that improve pregnancy rate offer significant
opportunities.

Environmental impact and public perception

It is tempting to try to identify so-called ‘silver bullets’ that will
instantly mitigate the environmental impact of dairy or beef
production. Such interventions are often targeted by marketing
campaigns or media as providing a simple solution, yet they may
result in significant negative trade-offs. One example would be
the installation of methane digesters which, although effective at
reducing total GHG emissions from dairy production, are often
economically prohibitive and require significant skilled labour
to operate correctly (Chianese et al., 2009). The supposition that
transport of feed or fertilisers confers a far greater GHG burden
upon grain-fed beef, compared with grass-finished systems, is
often propounded in the media. However, recent studies show
that GHG from transportation accounts for less than 1% of the
carbon emissions associated with a unit of beef (Capper, 2011a;
Capper, 2012), and that beef from cattle produced in wholly
forage-fed systems is associated with considerable increases in
land (80.8%), water (303%) and GHG emissions (70.4%), due to
efficiency differences between systems.

In the USA and other developed regions, campaigns such as
‘Meatless Mondays’ or ‘Meat Free Mondays have emerged
in recent years, as consumers increasingly perceive that
animal protein consumption is environmentally or physi-
cally unhealthy. Scientific credence is lent to the campaign

by papers evaluating the environmental impact of reducing
meat consumption, with one such paper by researchers from
Carnegie-Mellon University concluding that: ‘Switching less
than one day per week’s worth of calories from red meat and dairy
products to chicken, fish, eggs or a vegetable-based diet achieves
more greenhouse gas reductions than buying all locally sourced
food’ (Weber & Matthews, 2008).

Regardless of the underlying motivation for the Meatless
Monday campaigns, the claims for a significant improvement in
environmental impact appear to be over-exaggerated. To use the
USA as an example, the US Environmental Protection Agency
cites red meat and dairy production as contributing 2.1% of
annual GHG emissions (US EPA, 2013). If we take the simplistic
view that a one-day per week reduction in meat consumption
would cut animal production by one-seventh, if every one of the
USA’s 316 million inhabitants adopted such a dietary change,
the projected reduction in national GHG emissions would be
equal to 0.30%. It is somewhat difficult to view a change that
reduces national GHG emissions by less than one-third of one
percent as having a meaningful environmental impact.

The claim that the world’s nutrient requirements could be
met simply using the grains currently fed to livestock is one
of the most commonly heard arguments for vegetarianism or
veganism and is often accompanied by a claim that it takes
10, 20 or even 30kg of grain (Palmquist, 2011) to produce a
kilogram of meat. Aside from the biological implausibility of
the aforementioned numbers (corn only accounts for 7% of the
total feed used to produce a kilo of beef in the USA), the implicit
assumption is that the human population would be content
to survive on a corn-based diet. Yet, when the additional land
and resources required to grow other, lower-yielding crops (e.g.



salad leaves, asparagus and Brussels sprouts) to maintain dietary
variety is included in the calculation, whole-scale conversion to
vegetarianism appears to be a considerable challenge.

In an elegant comparison of resource use for various different
diets, Fairlie (2010) notes that converting from the conventional
omnivorous diet to a vegan system would reduce overall land
use, yet the reduction is almost entirely confined to pasture land.
The amount of land used for annual crops is increased in Fairlie’s
vegan scenario, due both to the lack of animal manures for fer-
tiliser and to the need to provide fats and oils for energy within
the human diet. Considerable quantities of pastureland are cur-
rently used to raise livestock, leading to the suggestion that the
land could be far better employed to raise human food crops.
However, only a small proportion of grazed pasturelands is suit-
able for food crop production, due to terrain, water or nutrient
restrictions — indeed, 60% of farmed land in the UK is only suit-
able for pasture production (Pullar et al., 2011).

The relatively low feed conversion efficiency of plant-based
feedstuffs into animal proteins is likely to remain one of the
biggest arguments against the omnivorous diet, yet is also
one of livestock production’s biggest selling points. Consider-
able quantities of by-products from the human feed and fibre
industries are currently used within livestock diets — quantities
which are often overlooked by governmental or organisational
reports that cite grain-fed production as being unsustainable
(Environmental Working Group, 2011; Foresight, 2011). When
feed efficiency is quantified as a ratio of human-edible protein
input to human-edible protein output, both dairy and grass-fed
beef cattle produce a greater amount of human-edible food
than they consume (due to the quantities of forage used within
the diet), and lamb, swine and poultry have feed efficiency
ratios between 1.1 and 2.6 kg human-edible protein input per
kg of human-edible protein output (Wilkinson, 2011). Given
the amino acid balance and protein quality of animal proteins
compared with plant-based foods, this strengthens the rationale
for maintaining omnivorous diets.

Role of the veterinarian/animal scientist
and future developments

The veterinary and animal science communities have a signifi-
cant role to play in helping to mitigate the environmental impact
of ruminant production (Green et al., 2011). Aforementioned
productivity improvements that help to reduce resource use and
GHG emissions can only be achieved through collaboration
between producers, veterinarians, other allied industry and
academia, in order to ensure that animals are bred, fed and
cared for using management practices and technologies that
will enable cattle to perform to their genetic potential.
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Technologies such as ionophores, steroid implants, hormones
and beta-agonists have a significant role to play in improving
the environmental impact of ruminant production. Capper et al.
(2008) demonstrated that use of recombinant bovine soma-
totropin reduced the GHG emissions from dairy production by
8.8%, while removing production-enhancing technology from
US beef production was predicted by Capper & Hayes (2012)
to increase resource use, to be equivalent to imposing an 8.2%
economic tax on beef producers, and to increase global GHG
emissions by 3.14 billion metric tonnes over time as a conse-
quence of shifts in exports from countries with less-intensive
production systems.

Despite considerable evaluation by national and global health
agencies, and the prevailing opinion that no human health
threats are presented by the use of such technologies, political
and social agendas often oppose the approval or registration
of these product within specific regions. Approval has recently
been gained for the use of beta-agonists within Brazilian beef
production systems and, as Brazil is a major beef producer, it
will be interesting to see whether this sets a precedent for use
of other technologies. The input of researchers, veterinarians
and animal science professionals will be crucial within future
debates, in order to ensure that science is not lost amongst
public perception or political considerations.

When attempting to improve the sustainability of any system,
it is crucial to note that, although productivity indices exist that
are consistent across the spectrum, changes in management
practice must be implemented with due consideration for the
system resources in terms of labour, labour, economics, market
and animal characteristics. No ‘one-size-fits-all’ solution exists
yet, if all systems improve efficiency and productivity on a
global scale, the challenge of meeting human food requirements
for milk and meat products by the year 2050 becomes far
more achievable.
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CHAPTER 2

Modern Cattle Practice: a Blueprint for the Future

Jos P. Noordhuizen

Learning objectives

Present the key recommendations from the Lowe, Frawley and
Foresight reports on the need for change in the role of the vet-
erinarian in production animal farming.

« Provide a profile of the characteristics of the entrepreneurial
dairy cattle farmer, the client.

Indicate the need to understand current and future needs of

clients, and how the veterinarian can add value by promoting
and providing support in cattle health care, welfare, produc-
tivity, profitability and sustainability.

Explain the role of the veterinarian in providing Veterinary
Advisory Services (VAS), and how this relates to the imple-
mentation of population medicine concepts.

Indicate the perceived weaknesses in the current veterinary
services.

Explain the importance of targeting our services to farmers
within a practice business plan.

Indicate the range of VAS which veterinarians can pro-
vide, including Diagnostic Herd Farm Visits, Herd Fertility
Schemes, Herd Health and Productivity Management Advi-
sory Services and Quality Risk Management Advisory
Services, and how these can be implemented.

Indicate how the VAS can contribute to the sustainability of
the enterprise.

Indicate the skills and knowledge required to implement a suc-
cessful VAS, as well as the need to adopt a ‘we’ attitude when
advising or solving a farm problem together with the dairy
farmer.

Introduction

Cattle production has changed over the past decades, not least
because the margin between production costs and farm income
has become smaller. There is an increasing need for better

control of production costs and production losses on cattle
farms. Such production losses may originate from infectious
and non-infectious animal diseases, impaired cattle welfare and
lost cow comfort, suboptimal husbandry methods, production-
related disorders and failing farm management (‘management
disorders’).

While in dairy cattle, the milk yield has increased dramat-
ically, with productions up to 10.000 or 12.000 litres per cow
per year, it seems that farm management quality has fallen
behind and is not always (sufficiently) competent to accom-
modate such high-yielding cows. The latter is indicated by the
relatively high incidence and prevalence of production diseases,
resulting in poor performance in production, reproduction and
health status.

Veterinary assistance to cattle farmers has long been reactive,
in response to requests from farmers such as: ‘there is an acute
sick cow, please come and treat her’; ‘can you vaccinate my herd
tomorrow’; ‘please deliver dry cow injectors this week’; ‘please
come do a Caesarear’. This type of assistance costs money,
and is commonly considered by farmers as an economic loss.
Veterinarians in rural practice, in response to these demands,
still predominantly focus on individual illness cases, rather than
on whole-herd medicine.

Veterinarians rarely market their wide range of knowledge and
skills, or are incapable of doing so. At the same time, farmers
are not aware of the support that veterinarians could provide
them with; moreover, veterinary costs are too often considered
as losses (direct costs) and, hence, expensive (Frawley, 2003).
However, veterinarians are able to increase farm profitability by
addressing farming domains like reproduction, nutrition, udder
health, anti-parasite strategies, claw health and genetic improve-
ment. They appear not to invest much time and effort in pro-
moting programs to sell their advisory services; neither do they
spread inventory lists like the one presented in Annex 2.1: an
inventory of satisfaction of the farmer about his herd perfor-
mance, which can be found at the end of this chapter.
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Lowe (2009) again points to the need of changing veterinary
practice policies from solely emergencies to more planned herd
health programs. Farmers in the UK, too, feel that veterinarians
are not focusing sufficiently on solving whole-herd problems.
Veterinarians should put more efforts into practice marketing
and investigating client needs and expectations. Rural practices
should develop and evolve into multidisciplinary teams, imple-
menting whole-farm advisory services (Foresight, 2009).

Changing the type of practice is not always easy for veteri-
narians or farmers. It takes time to adapt and appreciate the
benefits of the new approaches and methods. These would
include analysing weak points and strong points in the practice
(concerning products and services offered), identifying oppor-
tunities and threats to modernise the veterinary practice, and
turning the perception among farmers regarding veterinary
costs as direct costs into indirect costs (i.e. investments). One of
the identified opportunities is that farmers require more than
emergency assistance to bring down their production costs
and losses. This requires an extension of the services provided
from individual animals to herd level approaches, so that the
main herd problems of economic importance are identified
and corrected. Prevention and problem analysis to reduce or
prevent losses have become much more important than before
to provide assurance and risk management.

Dairy farms these days can be considered as enterprises, and
farmers as entrepreneurs. The economic value of such farms is
calculated in millions of US dollars. Their number is increas-
ing, while the more traditional farming systems still remain.
Entrepreneur-like dairy farmers can be characterised by specific
features (Bergevoet, 2005). Some of the most important features
are presented in Table 2.1.

The success of an entrepreneurial dairy farmer is reflected
in the achievement of multiple goals. This type of dairy farmer
has professional skills, a commercial and market focus, a

Table 2.1 Some of the most important features of entrepreneurial dairy
farmers.

1 This dairy farmer is rather risk-taking in nature.

2 The farmer is capital providing.

3 The farmer is innovative and always prone to new challenges.

4 The farmer finds opportunities to make profit.

5 The farmer feels responsible for the process to create new values.

6 The farmer will enhance changes because he does not stick to ‘old’
practices.

7 The farmer’s decision-making is based on multiple judgments; critical
farmer.

8 The farmer is a planner and has ideas, and is professionally
well-skilled.

9 The farmer inspires people, is a team-worker and networker, and
loves action.

10 Economic profit is not the only drive; pleasure in the work is

paramount.

farm-economic drive, shows a high level of organisation, is
well-skilled in communication and negotiation, is aware of their
own abilities and skills, and knows what other service-providers
should bring. In fact, this farmer combines the professional skills
with managerial qualities and entrepreneurial abilities (Noord-
huizen et al., 2006; Noordhuizen et al., 2008). This farmer will
not blindly accept a professional’s advice; he needs to analyse
such advice to fully understand it and to determine whether he
will implement it. Discussions between the veterinarian and the
farmer should be held in an atmosphere of equality between
two professionals. This is quite different from the attitude of,
say, more traditional dairy farmers, who sometimes have full
confidence and trust in their veterinarian and just simply follow
the advice given.

The Veterinary Advisory Service (VAS) may assist the farmer to
better control production costs and losses, because veterinarians
have, in principle, the appropriate knowledge and skills in many
farming domains. Farmers are not always aware that veterinari-
ans could provide such services, while veterinarians, in turn, are
not always aware of what their clients want, nor are sufficiently
proactive to market their services; they act, as in emergency
cases, on a ‘wait and see, and go’ basis. These VAS may cover
a wide range of activities, including simple operational farm
monitoring activities and subsequent action planning; advisory
plans on biosecurity or a health domain (like udder health);
holistic herd health and productivity management advice; and
the more tactical integrated quality risk management advice.
The inventory list of farmers’ satisfaction about herd perfor-
mance (Annex 2.1) is an easy and simple marketing tool, used to
discuss poor performance areas with the farmer and compose a
tailor-made VAS.

The veterinarian who wants to provide such ‘population-
oriented’ programs needs to acquire knowledge and skills in
particular domains, which will be addressed later in this chapter.
A large survey of dairy farmers in the Netherlands (Lievaart
et al., 2008) identified a range of weaknesses the farmers per-
ceived in their veterinarians (Table 2.2). Being aware of such
remarks, the veterinarian may work to improve these points
(Eelkman-Rooda, 2006; Noordhuizen et al., 2006).

Of course, the issues listed in Table 2.2 are averaged. Not
all veterinarians are deficient in all of the highlighted areas.
On the other hand, it is worthwhile to consider the ten points
in Table 2.2 to find out whether something strategic has to be
changed in the veterinary practice, and whether additional skills
or knowledge have to be acquired. A strengths-and-weaknesses
analysis of the products and services provided by the practice
is a useful exercise (Noordhuizen et al., 2008). One could, for
example, use the scheme presented in Figure 2.1, and put the
different products and services in each quadrant to find out the
best possible choices for the next five or ten years.

Services in the area of ‘sleepers’ could be developed further,
while those in ‘winners’ should be further emphasised. Products



Table 2.2 Some major points for improvement in veterinarians, as defined by
dairy farmers in a 2006 study in the Netherlands.

1 A too dominant attitude, as if the veterinarian seems to know
everything.

2 The vet talks too much and listens too little (poor professional
communication).

3 The vet does not work by structured protocols; the advice is not
structured.

4 The vet has limited knowledge about cattle nutrition and associated
issues.

5 The vet has limited knowledge about economics and management on
a farm.

6 The vet has little knowledge about entrepreneurs (features; ways to
approach).

7 The image of the vet is that the vet is too expensive.

8 The vet does not show the expertise in other fields (housing, climate,
etc).

9 The vet does not show what he/she might contribute to the farm
performance.

10 The vet shows little empathy, is too much abiding time, little proactive.

I Margin
“Sleepers” “Winners”
Low turn-over High turn-over
High margin High margin
Turn-over
E—
“Losers” “Shortcomings”
Low turn-over High turn-over
Low margin Low margin

Figure 2.1 Scheme for analysing, positioning and weighing veterinary
products and services provided to clients (Noordhuizen et al., 2006).
Reproduced with permission of Context Products Ltd.

and services in the area of ‘losers’ should most probably be
stopped (unless relevant for certain reasons such as a notifiable
disease). The services in ‘shortcomings’ should be revisited,
evaluated, and then adjusted or stopped. Through this method,
the veterinary practice may develop a practice business plan
for the next five or ten years, following trends in the cattle
production sector and society.

In this chapter, the development phases of Veterinary Advisory
Services will be highlighted and, where appropriate, examples of
implementation will be provided.

Veterinary advisory services
Diagnostic herd evaluation farm visits

Diagnostic Herd Evaluation (DHE) is the method of routinely
monitoring current performance of the herd by observing
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cows and cow groups while standing at the feed rack, their
environment, the management, and farm-related data, during
monthly or two-weekly planned farm visits. Table 2.3 presents a
range of important parameters that could be monitored.

The process of monitoring requires organisation and
time-management. Not all items need to be monitored every
month (checking growth in young stock once every six months
as a routine; BCS every one or two months; concentrates dis-
penser once every six months). Hence, a selection has to be made
together with the farmer to determine the highest priorities and
to define the monitoring scheme for the next 4-6 visits to come.

On the basis of the findings, the veterinarian performs an anal-
ysis and draws conclusions which s/he discusses with the farmer.
Upon acceptance, measures to control the weaker points are dis-
cussed and, if feasible within farm operational management, a
plan of implementation is devised for the short term and the
mid/long term. These issues are written down in a short farm
visit report. Figure 2.2 presents an example of such a farm visit
report, with the previously described paragraphs.

Through the DHE, the veterinarian identifies risk factors and
risk areas, where the threat of potential future economic losses
exists on the farm (see Box 1 for an example).

The DHE can function as a stand-alone advisory service, and it
takes no longer than 30-45 min for herds up to 100-150 cows. It
could be considered as the ‘routine technical health check of the
farm’, just like the compulsory checks on cars many countries.
The DHE provides an instant picture of the farm situation, vis-
ible to the farmer and a platform for discussion between farmer
and veterinarian. Over the months, trends in farm performance
become explicit, especially when the most important perfor-
mance parameters are listed on a separate monthly performance
list. The latter is often available in computer software for farmers
or veterinary practices. The DHE can also be conducted in
combination with other advisory services, such as herd fertility
schemes, herd health and production management advisory
services, and quality risk management advice.

Herd fertility schemes (HFSs)

HESs were introduced in the late 1960s and 70s in many coun-

tries worldwide (De Kruif, 1975; Williamson, 1980; Esslemont

et al., 1985). This service has two components (Brand et al.,

1996):

1 examination of selected cows;

2 evaluation of herd performance and analysis of prevailing
problems.

Since the start of these services, many farmers have dropped
out, while others have joined the service. Drop-outs were pre-
dominantly caused by the fact that veterinarians focused on
operational (clinical) matters alone and neglected, or simply
omitted, the second component. Hence, they were not able
to propose strategic advice on reproductive performance and
management. Moreover, reporting in writing appeared not to
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Table 2.3 Examples of parameters for routine monitoring during DHE farm visits (Alves de Oliveira et al., 2008; Noordhuizen, 2012).

Cows, calves, maiden heifers

Animal environment & management

Farm-related data

Body condition score, BCS
Rumen Fill score, RF
Faecal Consistency score, FC

Undigested Fibre in Faeces score, UFF

Teat-End Callosity score, TEC

Teat lesions (and mastitis)

Skin lesions

Cows with poor leg posture

Lame cows (and Locomotion Score, LS)
Hock lesions (depilation; abscess)

Cow hygiene score, HYG
(thighs/udder)

Typical behaviour
(agonistic/antagonistic)

Growth pattern in calves

Diarrhoea in calves
Respiratory disease in calves
Results of rectal palpation

Clinical disease cases as indicator cows

General hygiene on the farm
Milking hygiene
Milking practice

Barn climate (humidity; ventilation;
draughts; heat stress; cold stress)

Housing (passageways; cubicles; feed bunk;
feed table)

Cow comfort (feed; barn climate; housing;
behaviour; claw health)

Manure scraping (system; frequency )

Claw trimming and foot bath

Ration composition (calculations; frequency)
Concentrate dispenser (check dose)

Exercise areas

Roads to pasture (quality and risks)

Management, hygiene & quality of
colostrum

Housing and climate for calves
Housing, stress for maiden heifers (parity 1)
Quality of feed bunk and hygiene

Floor design and maintenance in houses

Milk recording (L; milk fat; milk protein)
Somatic cell counts
Milk quality issues (Lab parameters)

Quality of grass and corn silages

Quality of grass

Quality of pastures

Quality of soil

Quality of water (source)

Herd performance parameters
Laboratory reports

Sanitary herd book

Herd Disease-free Certificates

Milk urea (values and trends)

Culling rate (% and reasons)
Good Dairy Farming code of practice
Soil quality data

Surface water quality

(e.g. ketosis : acidosis)

Box 2.1 Example: Diagnostic herd evaluation — lameness.

On a dairy farm, the vet has made an inventory of cows with poor hind leg
posture (the legs are rotated to the outside, which is a sign of claw lesions
potentially being present). The prevalence is about 60% of the cows in the
herd. At the same visit to this farm, the vet observes a slippery floor in the
barn, a lack of manure scraping, a damp barn climate, and poor forage
quality in the feed bunk.

The vet discusses these findings with the farmer, pointing out some of
the affected cows and the areas of concern, and proposes management
measures to change the situation in order to prevent large losses occurring
in the future.

Action plan:

Short term

1 Improve forage quality for high yielding cows and feed the current
forage to heifers.

2 Increase the frequency of manure scraping on the day (4-6 times).

3 Functional claw trimming determines the diagnosis of the claw lesions.
Mid/long term:

4 Improve barn ventilation facilities.

5 New strategies to define when claw trimming results are known
The forenamed elements are written in a dated farm visit report.
During the subsequent visits, the vet checks what has been done and

what the impact and outcomes are by conducting again a DHE.

be a strong point of the veterinarians. The first component is
apparently too close to the classic clinical work of the veteri-
narian: just do the job, treat whenever you can, and that is it. A
standard listing of cows due for examination is given in Table 2.4
(Brand et al., 1996).

Over the past decades, however, it has been stated that
herd fertility cannot be considered as completely stand-alone

and should be approached in a much more holistic manner
(Brand et al., 1996). For example, injecting cows postpartum
with prostaglandins F2-o while these cows are in a severe
negative energy balance and anoestrus will be futile. See Box 2.2
for some further details.

These limitations have been the starting point for the develop-
ment of herd health programs and of herd health & production
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FARM VISIT REPORT FOR FARM XYZ ON 9 SEP 2014
*Strong points

On entering, the farm premises are clean and well-organised; bulk tank room and milking parlour are very clean. of Veterinary C|inic

Cows: Generally, a good BCS, given the milk yield level (BCS around 3); BCS at start of lactation is okay (+3, without too much variation). Rumen Fill score
is okay in all lactation stages (2-3); good scores for Faeces Consistency and Faeces fibres (2-3). Score of hygiene and cleanness is good (scores 1-2). Teat
end scores are good (1-2). Locomotion score (static and dynamic) is +acceptable; not for #678 and #955. There are some hock lesions (4 on 20 cows); so
be careful: recheck next visit.

Environment: Barn has a good volume (see reference standards) and good light (>200 lux). Barn climate and cow comfort is good; temperature is somewhat
high (ventilation). Cubicles with straw are spacious for head movements. Distribution of feed to cows is okay; concentrates dispenser dose is well gauged.
Farmer is to the point and ambitious.

Farm data: Level of production (L) and milk fat and protein are okay (milk recording). Bulk milk somatic cell counts were historically okay (but alarm in March).
Calving peak is between May and December, so today (8 Sep) most of the cows are at the end of lactation. There are about 42% of first lactation cows
(= many!): check culling policy of farmer. Rather few mastitis cases (5 on 70 cows in July). Milk quality parameters do not show any deviation in the past
year.

*Points for improvement

Cows: BCS after 50 days : too many thin cows; end lactation okay; BCS in dry cows is too high. Rumen Fill score in dry cows is far from the ideal. Level of
rumination in the herd (2 tests) was not more than 50% of the cows (norm is >70%). Causes are stress? high temperatures? disease? Too many cows
(+50%) show poor leg posture; possibly claw lesions (locomotion score may be slowly shifting to the bad side). Some cows have long claws on front feet;
this hampers an appropriate feed intake. Cow #810 shows a metritis at 18 days after calving: needs follow-up.

Environment/management: Too few drinking places (3 times 2 x 30 cm)=180cm (norm is 45 cm width per 10 cows, so 315cm in total for 70 cows; in
heat periods twice as much).

Farm data: Some cows are suspected of rumen acidosis given the milk recording results of April—May and June—July. These cows must be checked at next
recording date. In April, several cows showed a substantial drop in milk yield. In November 2008, there has already been a drop in milk yield. Precaution:
put to the barn earlier in the season? Smoothen the transition pasture-barn period. There is a group of cows with high SCC; they are a risk for their herd
mates with respect to mastitis. How to handle them best within the herd? We need to know their bacteriological profile for better treatment options (so
milk samples needed). The yearly culling rate is rather high (38% versus norm of < 30%); main reasons are fertility and lameness. Calving interval is 420
days (distribution to be checked); 30% of cows had more than 3 services (and 20% parity 1 cows, only 7% in maiden heifers).

*Synthesis and conclusions

(a) Problem of fertility in the herd; needs to be explored in more detail. We may consider an analysis of heat detection after calving and at 3-6-9 weeks after
Al. Check the prevalence of metritis and cysts too.

(b) Subclinical claw lesions are present, but diagnosis is not sufficiently reliable. So we need a sample of 20% of the herd to be trimmed for diagnosis, either
during routine claw trimming (inventory of primary diagnoses), or during a specific farm visit.

(c) Problem of high SCC cows, which form a risk for other cows.

(d) BCS scores need to be better controlled at the end of lactation and in the dry period, to better avoid problems in reproduction and production in next
lactation.

(e) Adapt the number of drinking places; add new ones if necessary ; note that high-yielding cows consume more than 120 L water per day.

*Advice in the short term

1 Continue routine claw trimming once or twice per year (do not neglect front claws!); cows which show poor locomotion score or have a poor leg posture
must be checked. A photo-diagnosis instruction card for the farmer may be of great help for properly diagnosing primary lesions.

2 It would be highly desirable that the farmer writes down all diagnoses of claw lesions that he encounters. This is the only way of having a quick insight
into the development of claw lesions. Proper diagnoses are needed to tailor-make the plan of actions (risk factors are different for each diagnosis). At the
same time, manure scraping must be more frequent (4-6 times per day), because the floor must be kept dry and clean.

3 Adapt the rations at the end of lactation and in the dry period for better controlling BCS (at 3.5 instead of 4) and subsequent problems (poor feed intake;
poor transition; poor ovulation rate).

4 Add drinking places up to a total width of at least 350 cm (in summer the double width).

*Advice in the mid/long term

1 Analyse first in detail the fertility problems (intervals which deviate, cows with poor performance, cysts, metritis, etc); action plans will then follow.

2 Analyse the cows in the group of ‘High SCC cows’ to better know the details of this problem. A bacteriological profile is indispensable; milk samples must
be taken. The samples can be stored in the freezer with labelled cow ID, date, quarter sampled. The samples can be sent to the lab in one batch. On the
basis of this profile, the Herd Treatment Advisory Plan can be designed. Other measures are: milk high SCC cows last; separate high SCC cows from other
cows; consider culling of chronically high SCC cows.

Figure 2.2 An example of a DHE farm visit report: observations, synthesis and conclusions, proposed interventions and other advice for the short and mid-long
term (Noordhuizen, 2012). Reproduced with permission of Context Products Ltd.
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Box 2.2 Details on herd fertility.

Cows show a negative energy balance after calving, due to the intake of
energy being less than that required for the increased milk yield. This
phenomenon causes a ketosis in the cow. Follicles do not reach their state
of dominance and do not ovulate. Such cows do not show oestrus,
sometimes from calving onward, sometimes after having shown just one
oestrus around Day 20 after calving. The phenomenon diminishes when
the energy imbalance recedes, resulting in oestrus at Day 80 or more after
calving. Management of the transition period, feeding management in

general and feed intake after calving are paramount issues in this
respect.

If cows after calving are affected by infectious or non-infectious claw
lesions, then they may not be able to express oestrus, due to pain. These
cows also have a reduced dry matter intake. This, combined with a
pre-existing negative energy balance, will reduce the prospect of getting in
calf further. Hence, a good claw health in the herd contributes to better
reproductive performance.

Table 2.4 A standard listing of cows due for examination during HFS farm
visits.

1 Cows for pregnancy diagnosis (by ultrasound at 30 days post Al) or by
rectal palpation (around 40-60 days post-Al).

2 Cows freshly calved to be checked around 30 days post calving (check
on endo-metritis; ovarian function and cyclicity; cysts).

3 Cows not observed in heat at 50 days post calving (prediction of cycle
stage).

4 Cows with abnormal cycles and abnormal oestrus intervals.

5 Repeat breeder cows (with three inseminations or more).

6 Cows with reproductive disorders (e.g. vaginal discharge) or other

disorders (e.g. ketosis).

management advisory programs (Noordhuizen et al., 2008;
Boersma et al., 2010).

Herd Health and Production Management
advisory Service (HHPMS)

Herd health programs which are limited to vaccination schemes
or de-worming strategies are outside the scope of this chapter
and not further addressed.

HHPMS encompass all farm domains relevant to an individual
farmer. Among these are: milk production and nutrition; udder
health; claw health; general health status; young stock rearing;
welfare and cow comfort; and public health issues.

They are a combination of three components:

1 the monthly diagnostic herd evaluation, DHE;

2 the analysis of prevailing or pending problems and suggestion
of solutions;

3 the development of preventative plans (biosecurity; general
measures of prevention).

The DHE is the basis for the HHPMS; it provides access to the
farm, and facilitates the discussion between farmer and veteri-
narian and other consultants such as the nutritionist. In its appli-
cation, a HHPMS is very dynamic and flexible, always adapting
to the individual needs and priorities of a farmer, and to the
current farm situation. The most important features of HHPMS
are that they are following protocols, or preset working proce-
dures, and that they are focused on operational management.
An example of a general protocol is presented in Figure 2.3, the
structured analysis of general claw health problems.

The advantage of such protocols is that the veterinarian will
not forget to check certain elements, especially when the proto-
col details become more complex or when two disorders occur
at the same time. They also indicate to the farmer where the farm
stands in the analysis process. The farmer will more easily under-
stand what is being done and for what reason; the veterinarian
can explain the details.

Such a protocol can be followed by repeated farm audits (such
as with the DHE). An example of a farm audit, associated with
the protocol in Figure 2.3, is presented in Table 2.5.

Prevention comprises two components:

1 general preventive measures;
2 specific measures.

The former are related to attitude and mentality of people
working on the farm; they represent the ‘dos” and the ‘don’ts’
and form part of the Good Cattle Farming code of Practice
(OIE, 2006; Noordhuizen et al., 2008; Boersema et al., 2010).
Examples can be found in the criteria to define a ‘closed farm’,
where high hygiene standards prevail, and no cattle are pur-
chased or visitors allowed unless under strict conditions (see for
details Noordhuizen, 2012). Specific measures are commonly
concerned with specific diseases, which are considered relevant
for the farm, and their associated risk factors. Another example
concerns the definition and implementation of biosecurity
plans for defined infectious diseases (for details see BAMN,
2000; Boersema et al., 2010). Biosecurity plans are management
tools to avoid infectious diseases entering the farm or to reduce
their impact once they have entered the farm. Key elements
are risk identification and risk management. Details on the
development and application of biosecurity plans are presented
in Noordhuizen et al. (2008).

Herd health and production management advisory programs
have now been implemented worldwide, both on smaller (<250
cattle herd) and larger (>1000 cattle herd) farms. Results are
varied, possibly due to the variability of veterinary expertise
in associated domains. When implemented properly, the ben-
efits are greater than the costs (Sol et al, 1984). Veterinarians
should learn more about domains such as business manage-
ment, marketing, professional communication, behavioural
economics, quality concepts and assurance, and performing a
strengths-and-weaknesses analysis, to render this service truly
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ANAMNESIS = which cows, when, what, how, under which
conditions, and where?

Confirmation of concern(s) or question(s):

By farm data

By claw trimmer (assessment)
By vet during farm visit (DHE)

Concern(s) are not justified

Exit Look for other signs

Concern(s) are justified

l Inspection of herd (healthy cows = reference)

END «——— None?

Set working hypothesis «

Inspection of affected cows
Inspection of barn, climate, etc

Check farm data

Nutrition

Traumas

Diagnoses

Plan of action:

l¢— Additional activities & analyses:

Barn hygiene
Barn climate

Details of barns and climate

At individual level
At herd level

v (a) Short-term (maximum of five priority recommendations)

l (b) Mid-to-long-term (secondary issues and including a prevention plan)

Evaluations = subsequent visits to evaluate effects of recommendations, and efficacy of
treatments & formulation of other recommendations when deemed necessary.

Written farm visit report of a maximum of three to five pages (Tables & Figures excluded).

Figure 2.3 A basic protocol for the structured analysis of problems in the area of claw health.

professional. These skills are equally applicable to the veterinary
practice, which also should be run like a business (Cannas da
Silva et al., 2006).

Quality risk management programs, QRM

The quality of cattle products (e.g. milk) has always been of
greatest importance, due to public health concerns associated
with milk-borne infections such as brucellosis, but also for the
processing of milk into cheese and other products. Current
quality parameters of milk include somatic cell count, bacteria
count, antibiotic residues and butyric acid bacteria. The general
public (consumers) have become more sensitised to the way the

milk or meat is produced on the farm, with regards to animal
welfare issues. Quality is therefore extended to the production
process itself.

It has been postulated that quality on a dairy farm can be read
from parameters associated with animal health, animal welfare,
public health and food safety status of the herd (Noordhuizen
et al., 2008). These four domains appear in various govern-
mental directives or regulations (e.g. EC regulation 178-2002;
EC directives 852/853/854-2004 in Noordhuizen et al., 2008),
and also in quality assurance programs linked to the dairy
production chain, where industry takes incentives to optimise
quality in its largest sense. Consumer protection has become a



18 Bovine Medicine

Table 2.5 An example of a farm audit scheme of the current prevalence of
interdigital dermatitis, using the protocol in Figure 2.3.

Question What is the actual prevalence of

interdigital dermatitis?
Best practice or gold standard Monthly prevalence of interdigital

dermatitis less than 15% of the adult

cow herd

Findings? The prevalence of interdigital
dermatitis is 11%

Comments This seems okay, but it is increasing

over time

Prevalence of claw lesions:
digital dermatitis: <10%/year;
blood imbibitions in the sole:
<15%/year;

sole ulcers: <15%/year;

panaritium: <10%/year;

white line disorders: <15%/year.
Reproduction: Cows not observed in
heat:

<10%/month

Milk production: drop in milk yield
between two consecutive monthly
recordings <10%/cow

Medium to high

Associated KPI (target values)®

Potential impact on farm
profitability (high—-medium-low)

Actual impact Low

2Findings as collected during observations in a DHE
bTarget values are to be defined for each individual farm

crucial issue, not least due to different outbreaks of diseases (e.g.
E. coli O,5,H,; leptospirosis; tuberculosis; salmonellosis).

Different quality concepts have been described (Evans & Lind-
say, 1996). In the dairy food chain, good manufacturing codes of
practice (GMP) and hazard analysis and critical control points
(HACCP) are being implemented, but on dairy farms quality
assurance programs addressing the production process are very
rarely applied. Transportation of dairy products can be assured
through implementing ISO-9000 (International Office of Stan-
dardisation). Food safety standards can hardly be met in indus-
try by GMP codes, and are replaced by the HACCP approach.

Noordhuizen and Welpelo (1996) have presented the features
of and differences between quality control programs such as
GMP, HACCP and ISO-9000, if they are to be applied on the
dairy farm (Table 2.6). Their conclusion was that a quality
risk management program (QRM) based on the principles of
HACCP would be the best possible option to serve both the
tactical goal of safeguarding the consumer and the quality of
the product, as well as the operational management goals of the
individual dairy farmer.

The farmer can recognise his/her farm and management style
best with HACCP-like applications. The GMP is too general and

too vague in nature and not truly certifiable, while the ISO-9000
is too laborious, too costly and not specific enough.

In Table 2.7 are named the subsequent steps in developing a
HACCP-like QRM for dairy farms.

An example of a production process flow diagram (steps 4 and
5 in Table 2.6) is shown in Figure 2.4. Such flow diagrams facili-
tate the discussion within the Quality Team, as well as with farm
workers.

In step 6 in Table 2.7, the hazards concern diseases and dis-
orders of various nature, already prevalent on the farm or
considered important to avoid on the farm. Such diseases
usually have associated risk factors. For an individual farm, the
risk factors have to be ranked according to their importance
to that farm. Risk weighting can be done based on published
quantitative epidemiological studies yielding odds ratios or
relative risks (Noordhuizen et al., 2001), or through qualitative
assessment using the formula Probability X Impact, and for each
factor, three classes (high; intermediate; low, or 3; 2; 1 points
respectively). When a threshold for the outcome of the formula
is chosen (e.g. six or more points), the specific risks can be
prioritised.

The critical control points (CCPs) in step 7 are commonly
related to physical processes (e.g. milking). On a farm, biolog-
ical processes, with their biological variation, predominantly
prevail, rendering it very hard to define true CCPs. Therefore,
one could replace certain CCPs by a target value. Note that
these target values come close to those defined in HHPMS.
Examples are: a target value for yearly clinical mastitis rate of
<25%; or a target value for calf diarrhoea of <5% per year. The
monitoring system in step 9 is highly comparable to the routine
monitoring DHE. The corrective measures of step 10 are, for
example, assembled in a mastitis control program, a claw health
program or a fertility scheme.

Various field trials have been conducted to evaluate the
implementation of these HACCP-like QRM programs. Bell
et al. (2003) investigated the application of such QRM in the
area of lameness, and concluded that it is a practical tool for
both farmers and veterinarians. From other field surveys, it
was concluded that farmers like the way that the program is
structured, that there was a joint effort by veterinarian and
farmer to try solve the problem, and that they feel pinpointed to
items which are truly relevant on their farms (Boersema et al.,
2010; Beekhuis-Gibbon et al., 2011). Noordhuizen and Cannas
da Silva (2009) addressed the application of such programs in
the area of udder health.

It is beyond the scope of this chapter to detail fully the devel-
opment and implementation of the HACCP-like QRM. For that
purpose, we refer to practical handbooks where these issues
have been elaborated for dairy farms and for dairy young stock
respectively, together with many examples (Noordhuizen et al.,
2008; Boersema et al., 2010).



Table 2.6 Major features of different quality control concepts.

Modern Cattle Practice: a Blueprint for the Future

19

Feature GMP code of practice HACCP 1SO-9000
Area of interest Process Process + products The system
Type of approach Top-down Bottom up Bottom up
Health state is demonstrable No Yes Yes
Corrective actions are specified No Yes No
Suitable for certification No Yes Yes
Documentation needed Yes (as guidelines) Yes (specific) Yes (much)
Simplicity in application Yes Yes No

Is farm-specific No Yes ?

High labour input needed No No Yes
Self-management possible No Yes N.A.
Expected benefits : costs Low High Intermediate
Can be integrated into quality Yes, but limited Yes in full n.a.
assurance program

Functional link with industry Yes, but limited Yes Yes

Table 2.7 The different steps in the development of a HACCP-like QRM
(Noordhuizen et al., 2008). Reproduced with permission of Wageningen
Academic Publishers.

Step Short description

1 Assemble a multidisciplinary, farm-based, quality team, QT, including
the farmer, veterinarian, nutritionist, and another specialist when
needed.

2 Describe the products delivered (milk; meat; livestock) and the way
they are delivered.

3 Identify the way that the products delivered would be used by the
targeted purchaser.

4 Develop flow diagrams of the production process on the farm
(facilitate discussions).

5 Verify these flow diagrams on the farm with QT, manager and farm
workers.

6 Identify the hazards which are most relevant to the farm, as well as

their associated risk factors/conditions. Conduct a risk weighing and
prioritise the risks.

7 Identify critical control points (CCP) in the production process,
required to reduce or eliminate the hazards/risks. A true CCP should
meet several preset criteria. Identify points of particular attention
(POPA) when true CCPs cannot be identified.

8 Define tolerance limits for CCPs and target values for POPAs.
Deviations should trigger the application of corrective measures.
9 Establish an on-farm monitoring system and its requirements

regarding CCPs and POPAs. Monitoring results are used to adjust the
QRM and retain process control.

10 Corrective measures should be defined on beforehand and be
available in writing.

11 Establish a sound record-keeping system on the farm so the
functioning and the effectiveness of the QRM can be proven.

12 Establish internal validation procedures and external auditing for
verification.

The great advantages of the HACCP-like QRM programs are
that all actions are protocolled, that there is structure, planning
and organisation in the advisory program, and that the record
system serves the management of the farmer and the evaluation

of effectiveness and implementation of the program. This QRM
is the formalisation of advisory activities, as named under DHE
and HHPMS. If cattle farms should be certified, this QRM is the
best possible option.

Veterinary advisory service and sustainability
Sustainability of a (dairy) farm is becoming increasingly rele-
vant. Public opinion and government directives more or less
force the farmers to take that route (Smyth & Dumanski, 1994).
The sustainability concept comprises four pillars — ethics, eco-
nomics, society, and ecology — which should all be in mutual
balance (Cornelissen et al., 2001; Emanuelson, 2007; Boogaard
et al., 2008; Hemme, 2010; Steinfeld et al., 2010).

Sustainability in the dairy sector can be addressed at three
levels: the structural level, the technological level and the
managerial level (SAIL, 2009; Oenema, 2010). The structural
level is associated with the organisation of the food chain,
including all stakeholders, and the related type and size of
farming system. This is at a high level and may reflect political
decisions. The technological level includes buildings, machines,
transport, land and equipment, as well as their investments.
This level provides the direct environment for the cattle. Instead
of focusing on major domains, such as environmental pollution
(air, soil, water) or the appropriate investment strategies, the
question must be raised of where the farmer and the veterinar-
ian would interact. This would be at the managerial level. The
latter is, in fact, the proper and timely allocation of resources
to achieve the farming goals. This encompasses a broad spec-
trum: from financial management to health care, to nutrient
and land management. Different suppliers play their role with
regard to products and services. In Table 2.8, the different
domains, where sustainability challenges exist, are listed
(Noordhuizen, 2012).

Given the domains named in Table 2.7, it is clear that
the veterinarian can indeed assist and advise the farmer in
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Figure 2.4 An example of a production process flow diagram on a dairy farm. Hazards (e.g. diseases or milk contamination) and their associated risk factors
and critical control points can be assigned to their respective location in the flow diagram.

achieving sustainability goals. Note that the domains 1, 3, 4,5, (2012). A few items from Table 2.8 are further addressed
6, and 7 already play a substantial role in advisory programs in Box 3.

like HHPMS and QRM, as addressed previously. Domains The economic basis for sustainability within the dairy farm is
2, 8 and 9 need additional attention, either from the veteri- formed by the combination of:

nary advisor, or from a domain-specialist, or both. A further 1 the genetic potential of the herd;

elaboration of these domains can be found in Noordhuizen 2 afine-tuned nutrition;
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Animal selection: instead of focusing on milk yield alone, mixed breeding
goals could better safeguard animal welfare and longevity, high health
status, or heat stress resistance.

Animal health: sick cows have reduced feed conversion and less milk
yield, hence resulting in economic losses. Moreover, nutrient and possibly
antibiotic residues will dissipate into the environment.

Pasture exploitation: has a direct effect on milk yield and hence
economics of the farm. Moreover, it represents an issue of public image of
the farm, because the general public desires to ‘see cows in the pasture’.
Soil quality and nutrient management refer to precision farming, where
the waste and risk of environmental pollution are reduced.

Table 2.8 Major farming domains where sustainability challenges exist (after
SAl, 2009; Feenstra et al., 2010).

1 Farm economics 4 Animal selection 7 Herd health and
production
management

2 Relationship with 5 Animal nutrition 8 Pasture exploitation,

society nutrient management,

soil quality
3 Management
planning

6 Animal reproduction 9  Waste management

3 optimal health and welfare conditions;
4 good housing facilities; and
5 high management quality (Oenema, 2010).

If one of these five economic factors is sub-optimal, overall sus-
tainability on the farm will be at risk. The five factors can be put
into a multiplicative formula to show that the same great efforts
should be done on all five to achieve an acceptable result (Noord-
huizen, 2012). Herd health and production management advi-
sory services have been considered as a prerequisite and a key for
achieving sustainability (Smith, 2010). Sustainability indexes for
agricultural systems resemble those applied in quality assurance
programs (SMK, 2009; Spoelstra & Elzen, 2010).

The question is not whether environmental or sustainability
disorders could also be part of a veterinary HHPM or a QRM
program as outlined above, where hazards and risks are dealt
with, but rather how to define sustainability disorders and how
to identify the risk factors associated with these disorders. Once
these have been identified, one can move to the next phase: mon-
itoring and correction (or rather, prevention of such disorders).
Several sustainability disorders are related to diseases at cow and
herd level, centred on nutrition and health/welfare of the cattle,
and conditioned by issues like poor housing and management.
These disorders must already be taken care of through HHPM
or QRM in the context of sustainability. However, other sustain-
ability disorders may remain.

Developmental steps should be made slowly; the farm-
ers should not get lost on the way. The best way to do so is by
addressing an important area - say, herd health - and improving
the health status. At the same time, the farmer will notice that
the milk yield will increase, losses will be reduced and income
increases. This is a process of coaching by the veterinarian.

Skills and knowledge of veterinarians to comply
with the VAS requirements

Different levels of skills and knowledge are required, depending
on the advisory service being offered. For example, most veteri-
narians should be capable of carrying out a routine Diagnostic
Herd Evaluation (DHE). The process requires observational
skills and a sound knowledge to interpret the observation
findings, followed by a synthesis and conclusions. The next
step, to formulate an action plan with priorities for the short
term and secondary items for the mid-long term, is relatively
straightforward.

To carry out a professional HHPMS, the veterinarian needs
to be well-organised and structured in approach, and have
a well-developed analytical ability. The DHE is still the basis
of such service, but the evaluation of herd performance and
risk factors are further developed. Appropriate professional
communication skills are paramount (Kleen et al, 2011).
Short written reports are a must in order to keep the farmer
informed and motivated. Discussions between the veteri-
narian and the farmer are crucial in HHPMS. Extended
veterinary-zootechnical disciplines, such as: applied farm eco-
nomics (e.g. disease loss assessment, and benefits/costs ratio
estimation); quantitative epidemiology (odds ratios; diagnostic
test characteristics); applied cattle nutrition; farm management;
behavioural economics; marketing principles; business admin-
istration (for practice and farms); risk identification; and risk
management, are a few new areas to address in order to achieve
the best performance in HHPMS. Further details can be found
in Brand et al. (1996) and in Noordhuizen (2012).

Veterinarians need to acquire further skills and knowledge
once they have decided to support QRM programs. Among the
disciplines are: quality concepts and management; quality assur-
ance principles; applied quantitative veterinary epidemiology
(quantitative and qualitative); risk identification and risk
management; HACCP concept and principles; the writing
of protocols; and GMP guidelines for the farm, as well as:
operational work instructions (e.g. how to manage: foot baths,
colostrum); professional communication; marketing and busi-
ness management; farm economics; and behavioural economics.
Many examples have been presented by Noordhuizen et al.
(2008) and Boersema et al. (2010).

Although Professional Communication (ProCom) ProCom
now forms part of some veterinary curricula around the world,
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it is far from being integrated in all veterinary curricula for
large animals (cattle). This is a drawback, because it has been
established that, with a proper ProCom, the veterinarian can
improve his/her performance with clients, while at the same
time the client feels better understood and respected (Kleen
etal.,2011)

ProCom comprises three kinds of communication:

1 basal interpersonal communication;
2 the problem-solving type of communication; and
3 solutions-oriented communication.

The first of these deals with day-to-day (private) commu-
nication, while the second can be found in curative practice.
The third one is the rather continuous kind of communication
applied in HHPMS and QRM. Ideally, one needs a balanced
mixture of all three.

Pro Com comprises (non-rational) elements like perceptions,
emotions, attitude, tone of speech, and avoidance of dominance.
Because verbal and written communication is fundamental for
HHPMS and QRM, the veterinarian needs to pay close attention
to these aspects. The veterinarian should be aware that roughly
70% of an advisory message impact is achieved by this ProCom,
and only 30% by its technical contents. Written reports are not
only meant to show the farmer what to do, they also serve to eval-
uate at a later stage the effects of advice given and interventions
carried out. Reports and discussions are important references for
farmers and their activities.

Behavioural economics is the discipline which studies the ele-
ments of non-rationality in decision making. In general, farmers
want to pay for (for example) intra-mammary antibiotic tubes
to treat a cow with mastitis. However, they are less willing to
pay for a proposed udder health control program. This is caused
by the perception that losses are to be dealt with, while it is not
clear that the money spent for a future udder health control pro-
gram will guarantee a mastitis-free period in the future and save
the farmer money. In general, people do not like change; they
have become used to a certain situation (methods of feeding)
and live with that. The effort to change a routine appears too
great. Next to technical advice and professional communication,

the veterinarian needs to become a process-coach for the farmer,
providing motivation and support constantly through the pro-
cess of (management) change.

Concluding remarks

Society is changing and so is the dairy production sector. Instead
of considering those changes as threats, they should be seen as
opportunities. Farmers are in need of veterinary advisory pro-
grams (VAS) (Lievaart et al., 2008); the veterinarian should be
able and sufficiently skilled to deliver such a service effectively.
The advisory programs should be introduced gradually, in a
targeted manner, to reflect the needs and priorities of the farmer.
They should be gradually increased and developed, depending
on the farmer’s wishes and capacities. The progression should be
from routine farm monitoring DHE, to herd health and produc-
tion management service, to HACCP-like QRM (Figure 2.5),
then up to advisory programs for sustainable dairy production.
Curative practice may run in parallel, and is likely to diminish
in task volume as disease risks are reduced and eliminated.

Sustainable Land Management, which is considered to be
the summation of new technologies, policies, socio-economic
principles and environmental issues, addresses five conditions
(Smyth & Dumanski, 1994; Rowarth, 2011):

o it must maintain and enhance farm productivity;

o it should decrease production risks;

« it should protect natural resources and prevent environmental
degradation;

« it must economically be viable; and

« it must be socially acceptable.

It should be noted that veterinarians can play a role in each of
these five areas.

The VAS addressing dairy farm sustainability is a high-level
challenge. It demonstrates the best possible way how the vet-
erinarian can assist farmers in achieving their goals. Moving
gradually forward, together with the farmer, represents a mutual
learning process for both and is symbiotic; farm workers should
never be excluded from that process, and sometimes need short,
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Figure 2.5 Developing veterinary advisory programs, VAS, over time.



on-site training courses. Once VAS is established and viable, the
veterinary cattle practice may benefit from being split into two
departments:

1 curative services;

2 consultative services.

For the farmer, this would clarify the purpose, contents and
costs of farm visits when these two departments act in parallel.
Dehorning calves when making a HHPMS or QRM farm visit
would trouble the farmer, and would take the veterinarian too
far away from the advisory tasks. It is likely that curative services
will diminish over time as prevention increases. What remains
are specialties and rather rare or difficult cases.

Veterinary practices could further develop (see also
Figure 2.1). Already, nowadays, multi-species or mono-species
practices exist, sometimes with up to 20 or 40 veterinari-
ans. This has the advantage that veterinarians can acquire
sub-specialisations such as milk harvest and mastitis, cattle
nutrition and metabolic diseases and reproduction. In this
way, they are complementarily in achieving higher practice
performance quality and, moreover, they will have an individual
professional identity. Various veterinary practices (e.g. in the
Netherlands) have engaged animal science professionals, such
as a nutritionist, to deal with zootechnical issues on the dairy
farms. Perhaps, in the future, the professional relationship
between practitioners and animals science professionals will
become closer, to the benefit of the farmer.

Overall, veterinary advisory services, when adequately carried
out, will increasingly bring added value to the farmers and to
the veterinary practice itself. They should be based on market-
ing principles (knowing clients’ needs and expectations) and
positively building on the practice image or brand (car number
plates; brochures; calendars; memory sticks; overalls with names
and logo; radio interviews; weekly columns in a local journal).
Properly executed, such VAS brings professional pleasure and
identity to veterinarians while, at the same time, they serve soci-
ety. In particular, veterinarians are crucial to validating pre- and
post-harvest production standards and quality (Rowarth, 2011).
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Examples of software for HACCP applications in industry:

do HACCP by Norback, Ley & Associates LLC, 3022 Woodland Trail,
Middleton, W1, USA www.norbackley.com.

QSA software Ltd, POBox 306, St.Albans, Herts ALl I3W, UK
www.gsa.co.uk (demo version available).
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Annex 2.1

Inventory sheet to evaluate the degree of satisfaction of farmers
about the performance of their own dairy farm (Noordhuizen,
2012).

=> FARMER NAME =
-> ADDRESS =

= VET =

=> DATE =

(score 1 =not satisfactory; score 3 = intermediate; score 5 = very
satisfactory)

Milk production 1 2 3 4 5 Important

remarks

Litres of milk per cow per year
(mean)

Milk fat %

Milk protein %

Milk production in first lactation
Milk production at start of
lactation (0-50 days)

Udder health

% cows with clinical mastitis per
year

% cows with high cell counts per
year

% cows with subclinical mastitis
per year

Mastitis cases during the dry
period

Outcome of mastitis treatments

Claw health

% lame cows per year
Outcome of routine herd claw
trimming

% cows with foot rot per year
% cows with laminitis per year
% cows with Mortellaro disease
per year

% cows with hock lesions per
year

Overall animal health

% cows with rumen acidosis

% cows with ketosis

% cows with infectious diseases
% cows with skin lesions
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Milk production 1 2 3 4 5 Important

remarks

Health of calves and maiden
heifers

% diarrhoea in neonate calves
% diarrhoea in older calves

% respiratory disease in
calves/heifers

Reproduction and fertility
Calving interval

Age of heifers at first calving
Interval between calving - first
insemination

Interval between

calving - conception
Detection of heat among cows
Detection of heat among
maiden heifers

% cows with cystic ovarian
disease per year

% cows with retained afterbirth
per year

% cows with endometritis per
year

Number of inseminations per
pregnant cow

Quality of milk (bulk tank)
Mean cell count (X 1000/ml)
Mean bacteria count

(x 1000/ml)

Milk fat %

Milk protein %

Butyric acid spores
Antibiotic residues

¢ Other observations worth mentioning (e.g. nutrition;
hygiene; other)

Questions to the dairy farmer:

1 Do you think it is worthwhile to address certain non-satisfac-
tory areas together with your vet?

2 Ifyes, what would be your priorities to address?

3 Ifno, is there another specialist you want to consult? Why this
person?



CHAPTER 3

Education and Cattle Practice: ‘What Do We Do?

What Should We Do?’

Peter D. Cockcroft

Learning objectives

o Appreciate the clinical competencies and day one skills
expected of entry level veterinarians.

Appreciate the range of proficiencies that are highly valued by
bovine practitioners.

Appreciate the relative frequency with which a range of pro-
cedures are performed in clinical practice.

« Be aware of the expanded skills sets required for the 21st cen-

tury cattle practitioner.
» Be aware of a practitioner derived curriculum for dairy, cow
and calf and feedlot practice.

Introduction

There has been a long-standing interest within the veterinary
profession in farm animal veterinarians moving away from
providing ‘fire brigade” services to sick and injured animals
and towards a role as a trusted advisor to the farmer, providing
preventative animal health consultancy services (Adam, 2013).

Nordlund (1998) summarised the challenges in deliver-
ing cattle practice services in the 21st century. ‘Veterinarians
sometimes argue as to whether a herd reproductive program is
‘production medicine’ or ‘traditional medicine’. I would contend
that it could be either. If a group of cows are examined, pregnan-
cies recorded, abnormalities treated, heats predicted, and left
at that point, the reproductive program is traditional medicine
directed at correcting problems of many individual cows.
On the other hand, if herd performance is summarised and
charted, allowing management to make herd-based decisions,
the reproductive program is ‘production medicine’.

Because of the subtle nuances of these terms, it is more pre-
cise to characterise dairy veterinary services as having three

components: drugs/supplies; medical/surgical procedures; and
management assistance services. The categories are essentially
self-explanatory. Drugs/supplies would include any prod-
uct dispensing or sales. Medical/surgical procedures would
include almost all technical services performed on animals.
Management assistance would include any informational ser-
vices that assist the herd manager in analysis, controls, and
decision-making’

Veterinarians have an important role in the provision of ser-
vices in the dairy and beef industries. They are a trusted source
of advice and information for farmers. The role of the veterinar-
ian has expanded from the treatment of individual animals to a
more cost-effective holistic role in whole-farm consultancy and
herd health management. The need to retain the skills to sup-
port our traditional role, while at the same time introducing new
skills to service the future needs of the cattle industries, makes
veterinary education challenging.

The needs of the industry, individual farmers, veterinary
practices as employers and government all need to be met.
In addition, an important, but often overlooked, role of cat-
tle veterinarians is their leadership role in promoting change
to optimise health, sustainability, welfare, productivity and
profitability. However, the profession is often accused of being
reactive rather than proactive. Recent reports on the role of
rural and livestock veterinarians have highlighted the need to
make farmers more aware of the wide range of cost-effective
services we can offer (Frawley, 2003; Lowe, 2009). It is often the
case that we actively promote only a fraction of the potential
range of services that we could deliver and contribute.

This chapter presents some practitioner-defined entry level
graduate competencies that are considered to be important.
The frequency with which practitioners use a range of cattle
practice-related skills and procedures is presented.
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Table 3.1 AVMA statement on clinical competencies outcomes.

Veterinary graduates must have the basic scientific knowledge, skills and
values to practise veterinary medicine, independently, at the time of
graduation. At a minimum, graduates must be competent in providing
entry-level health care for a variety of animal species.

The school/college must provide evidence that students/graduates have had
adequate access to primary care cases and hands-on experiences with live
animals, and it must address clinical competencies in the following areas:
Comprehensive patient diagnosis and demonstration of problem solving
skills (e.g. appropriate use of clinical laboratory testing, and record
management).

2 Comprehensive treatment planning, including patient referral when
indicated.

Anaesthesia and pain management, patient welfare.

Basic surgery skills, experience and case management.

Basic medicine skills, experience and case management.

Emergency and intensive care case management.

Health promotion, disease prevention, zoonosis and food safety.

Client communications and ethical conduct.

Strong appreciation for the role of research in furthering the practice of
veterinary medicine.
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The Royal College of Veterinary Surgeons (RCVS) and
the American Veterinary Medical Association (AVMA) have
defined clinical competencies for day one graduates. The RCVS
Day One Competencies are under review and can be accessed
at the RCVS website. The AVMA clinical competencies are
presented in Table 3.1.

The British Cattle Veterinary Association (BCVA) has devel-
oped a list of essential and desirable day one skills. This is
designed to enable students who wish to develop a career in
cattle practice to have guidance when seeing practice during
their extra mural studies (EMS). The aim in devising this list
was to help undergraduates identify and then attain the skills
expected by employers while on EMS. This list is reproduced in
Table 3.2.

In a study by Miller (2004), practitioners identified the
entry-level knowledge requirements and skills (competencies)
needed by new veterinary graduates as they enter food animal
practice. The study used focus groups and a validated method
of curriculum development. This study included competency
lists for dairy, cow and calf and feedlot cattle. The number of
practitioners contributing to each of these sections was eight,
nine and 13 respectively. The outcomes of this study are repro-
duced at the end of this chapter. Further details regarding the
methodology used to create the lists can be found at the website:
CVM.Missouri.edu/FADACUM.

Information about the skills most frequently used by bovine
practitioners and the proficiency that practitioners expect of
entry-level veterinarians is useful in shaping core curriculum

design. Morin et al. (2002a; 2002b) reported the outcomes of a
survey of veterinarians involved in cattle practice working in
the United States in two papers. There were 1030 respondents.
A summary of the results reported for 95 individual ani-
mal medicine and animal production procedures performed
most frequently in bovine practice and the skills expected of
entry-level veterinarians are presented in Tables 3.3 and 3.4
respectively (Morin ef al., 2002a). The authors concluded
that a balance between individual animal medicine and animal
production training must be sought because, without good diag-
nostic and technical skills at the individual animal level, new
graduates will be unable to make accurate herd-level diagnoses
and institute appropriate cost-effective control measures.

A summary of the results of 53 surgery, anaesthesia, and
restraint procedures performed most frequently in bovine prac-
tice and the entry-level skills expected of new veterinary grad-
uates are presented in Tables 3.5 and 3.6 (Morin et al., 2002b).

The results of this survey indicated that private veterinary
practitioners who work with cattle perform a variety of surgery,
anaesthesia, and restraint procedures on a frequent basis (11
procedures, performed at least once a month), and expect
entry-level veterinarians to be skilled and to require little
supervision in those procedures. The highest rated proce-
dures involved the processing of cattle (castration, dehorning,
tattooing, and ear implant placement), anaesthesia (epidural
anaesthesia, local anaesthesia of the horn, eye, and orbit, local
or regional anaesthesia of the flank, and IV or IM sedation),
wound management, hoof examination and treatment, repair of
uterine or vaginal prolapse, caesarean section, and removal of
supernumerary teats. General (non-specified) surgical skills and
general (non-specified) restraint skills, as well as several more
specific skills (castration, dehorning, gastrointestinal surgical
skills, caesarean section, and uterine prolapse repair), were listed
among the five most important skills for entry-level veterinari-
ans in bovine practice by >50 respondents. Unfortunately, these
same skills were also listed among the most deficient.

Luby et al. (2013) performed a survey of practising veterinari-
ans involved in dairy practice to identify the skills they used most
frequently and their opinions of the skills required of entry level
veterinarians for this sector of the profession. The survey was in
western Canada. The ten skills performed at least once a month
by the 24 respondents who spent 75% or more of their time in
dairy practice are presented in Table 3.7.

The survey asked these practitioners to identify what they
thought were the three most important skills new graduates need
to have and what three skills new graduates were lacking the
most. The five most important skills in ranked order were preg-
nancy diagnosis, physical examination, general surgery, herd
health management and communication. The skills in which
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Table 3.2 British Cattle Veterinary Association — day one skills.

Essential Requirements of a Farm Animal Practitioner:

1
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10

1
12
13
14

15

16

17

18
19

Be able to handle and restrain or to direct adequate restraint of the animal to be examined safely and effectively and understand the responsibility
for other persons in attendance. This includes:

o the ability to cast and roll a cow

o restrain a foot for examination and treatment

o restrain a cow for stomach tubing

Be able to perform a thorough clinical examination with appropriate history taking. This includes:

o thoracic and abdominal auscultation

o rectal and reproductive tract examination

Assess the nutritional status of an animal and be able to body condition score and advise appropriately on feeding and husbandry procedures.

Be able to assess an obstetrical problem for example a calving or prolapse and perform a thorough examination. Be able to know personal
limitations and when to request assistance.

Appreciate and advise on animal welfare improvements in conjunction with management, economics and the welfare ethics. Also appreciate the
law and codes of recommendations with regards to welfare and welfare ethics.

Understand and demonstrate adequate bio-security and be able to advise on bio-security procedures.

Be able to advise and administer appropriate treatment for disease in both individuals and groups of animals, with an appreciation of economic and
practical challenges.

Be able to advise on preventative medicine.

Following assessment, be able to safely perform:

o sedation

o general anaesthesia

o analgesia of the bovine animal

Be competent in the performance of local anaesthesia including ring blocks and epidurals. Be able to administer for the procedures of:

o castration

o disbudding/dehorning

o uterine replacement

o caesarean section

o abdominal surgery

o teat surgery

Be able to sterilise equipment and apply the principles of aseptic surgical techniques in order to carry out basic surgical procedures.

Be able to humanely euthanize an animal while ensuring personal safety and safety of assistants. Also advise on carcass disposal.

Be able to perform a basic post mortem with sample collection and transportation and be able to interpret and advise on results.

Be able to demonstrate an understanding of public health and food production and advise on procedures following the discovery of a notifiable
disease and zoonotic diseases.

Be able to administer treatment to an animal via all routes of administration. This includes:

o intravenous injection

o uterine irrigation

o stomach intubation

o intramammary infusion

Be able to rectally examine an animal and pregnancy diagnose manually from 60 days. Be able to find the cervix and manually palpate ovaries and
ovarian structures. Appreciate the importance of practice and to have the confidence to know personal limitations and to recheck at a later date if
required.

Be able to routinely trim a foot and identify obvious lesions. Also be familiar with types of foot blocks available and be able to apply a preferred type
of foot block adequately.

Be familiar with animal health statutory requirements and procedures for investigations, i.e. abortion.

Be familiar with certification for emergency slaughter on farm and legislation regarding transport of casualty animals.

Desirable Day One Skills for a Farm Practitioner:

1

2

3

Be able to perform local anaesthesia in the form of paravertebral nerve blocks and Intravenous Regional Anaesthesia for the performance of
abdominal surgery and digital amputation respectively.

Have a knowledge and understanding of animal production data and performance indicators and be able to advise on improving welfare and
economic performance.

Be able to rectally examine an animal and consistently pregnancy diagnose manually from 60 days and with ultrasound from 40 days.
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Table 3.3 Frequency with which bovine veterinarians performed procedures and skills pertaining to individual animal medicine or animal production (adapted
from Morin et al., 2002a).

At least twice each week

Administration of injections

Oral administration of medication
Pregnancy detection by palpation per
rectum

Venipuncture

Treatment of pneumonia

At least once a week

Manual extraction of a calf

Treatment of diarrhoea

Auscultation of lungs

IV fluid therapy

Cardiac auscultation

Auscultation of the Gl tract

Development of vaccination programs
Control of a respiratory problem in a herd
Development of an anthelmintic program
Breeding soundness examination (cow)
Faecal flotation

At least once a month

Necropsy

Treatment of metritis

Treatment of bloat

Control of an off feed problem in a herd
Development of parasiticide programs
Qestrus synchronisation

Control of a diarrhoea problem in a herd
Treatment of clinical mastitis
Subconjunctival injection

IV catheterisation

Percussion of the thorax

Residue avoidance program
Preconditioning/metaphylaxis program
Body condition scoring
Sanitation/hygiene program

Control of an infertility problem in a herd
Client education

Colostrum management program
Control of an abortion problem in a herd
Breeding soundness examination (bull)

Less than once a month

Control of a lameness problem in a herd
Neurologic examination
Tuberculosis testing

Control of a nutrition problem

Milk culturing

Aseptic milk sampling

Fetotomy

Skin scraping or biopsy

Control of a mastitis problem in a herd
Uterine detorsion

Advising about feed additives
Bacteriologic culturing (not milk)
Advising about milk replacers
Urinalysis

Use of California Mastitis Test
Quantitative faecal examination
Somatic cell count analysis

Tissue aspirate or biopsy
Assessment of heifer growth
Assessment of intervention efficacy
Gram staining

Cytological examination
Assessment of housing or ventilation
Advising about genetics or breeding
CBC

Radiography

Use of computer records

Forage sampling

Advising about grazing program
Ration analysis

Use of spreadsheets

Assessment of DHIA records
Abdominocentesis

Rumenocentesis

Retinal examination

Bulk tank milk analysis

Blood transfusion

Assessment of feed particle size
Assessment of milking procedures
Feed dry matter determination

e Ration formulation

Assessment of ration cation-anion balance
e Economic analysis

Avrtificial insemination

Advising about waste management
Financial advising

¢ Nasal swabbing

¢ Transtracheal aspiration

Never performed the procedure or
technique

e Pelvimetry

¢ Transfaunation

¢ Milking machine performance evaluation
e Ultrasonography

¢ Ultrasonographic pregnancy diagnosis

e Cerebrospinal fluid collection

e Endoscopy

e Electrocardiography

e Embryo transfer

e Pulmonary artery pressure determination
e Echocardiography

Gl = Gastrointestinal. DHIA = Dairy Herd
Improvement Association.
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Table 3.4 Proficiency expected of entry-level bovine veterinarians for procedures and skills pertaining to individual animal medicine or animal production

(adapted from Morin et al., 2002a).

Complete knowledge and excellent skills
e Administration of injections

e Oral administration of medication

e Venipuncture

e |V fluid therapy

o Faecal flotation

Working knowledge and good skills
Treatment of pneumonia

Auscultation of lungs

Cardiac auscultation

Necropsy

Treatment of bloat

Treatment of diarrhoea

Auscultation of the Gl tract

Manual extraction of a calf
Subconjunctival injection

IV catheterisation

Treatment of clinical mastitis

Pregnancy detection by palpation per
rectum

Control of a diarrhoea problem in a herd
Control of a respiratory problem in a herd
Development of vaccination programs
Development of an anthelmintic program
Treatment of metritis

Aseptic milk sampling

Control of an off feed problem in a herd
Percussion of the thorax

Skin scraping or biopsy

Development of an insecticide program
Tuberculosis testing

Qestrus synchronisation

Residue avoidance program

Use of California Mastitis Test

Urinalysis

Colostrum management program
Breeding soundness examination (cow)
Preconditioning/metaphylaxis program
Body condition scoring

Tissue aspirate or biopsy

e Gram staining

Bacteriologic culturing (not milk)

Milk culturing

Quantitative faecal examination Control of
an abortion problem in a herd

Control of an infertility problem in a herd
Sanitation/hygiene program

Client education

Neurologic examination

Cytological examination

Radiography

Control of a lameness problem in a herd
Advising about milk replacers

Control of a mastitis problem in a herd
CBC

Somatic cell count analysis

Breeding soundness examination (bull)

Some knowledge and basic skills

Fetotomy

Uterine detorsion

Assessment of heifer growth
Blood transfusion

Bulk tank milk analysis

Control of a nutrition problem
Abdominocentesis

Forage sampling

Use of computer records

Retinal examination

Advising about feed additives

Use of spreadsheets
Rumenocentesis

Assessment of milking procedures
Assessment of intervention efficacy
Ration analysis

Nasal swabbing

Feed dry matter determination
Assessment of housing or ventilation
Transtracheal aspiration
Assessment of DHIA records
Assessment of feed particle size

Advising about grazing program
Ration formulation

Assessment of ration cation-anion balance
Economic analysis

Artificial insemination

Advising about genetics or breeding
Transfaunation

Ultrasonography

Pelvimetry

Advising about waste management
Endoscopy

Financial advising

Cerebrospinal fluid collection
Ultrasonographic pregnancy diagnosis

Ability to research and refer

Milking machine performance evaluation
Electrocardiography

Echocardiography

Pulmonary artery pressure determination
Embryo transfer
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Table 3.5 Frequency with which bovine veterinarians performed surgery, anaesthesia, and restraint procedures (adapted from Morin et al., 2002b).

At least once a week

e Castration

e Epidural anaesthesia

e Dehorning

e |V or IM sedation

e Tattooing

At least once a month

e Wound management

Hoof examination and treatment

Ear implant administration

Local or regional anaesthesia of the flank
Uterine prolapse repair

Vaginal prolapse repair

Casting (for restraint)

Supernumerary teat removal

Roping (for animal capture)
Corrective or cosmetic hoof trimming
e Caesarean section

Less than once a month

e Omentopexy or surgical abomasopexy

Episiotomy

Repair of teat obstruction

Local anaesthesia of the horn
Nictitating membrane flap

Umbilical herniorrhaphy

Local anaesthesia of the eye and orbit
Excision of interdigital fibroma
Enucleation or exenteration
Orthopaedic splinting

Exploratory laparotomy

Fracture repair by casting

Excision of nictitating membrane

Tail docking

Digit amputation

Urethrostomy

Branding

Abomasopexy by blind suture or toggle
Temporary rumenostomy

IV regional anaesthesia

Rumenotomy

¢ Joint lavage or arthrocentesis

e Repair of recto-vaginal laceration or fistula
¢ Umbilical resection

e Procedures to create teaser bulls

Never

¢ Hyperthermia treatment for neoplasia

e Cryosurgery

e Ovariectomy

e Corrective penile or preputial surgery
Tracheostomy

Intestinal resection and anastomosis
Urethroplasty

Liver biopsy

Fracture repair by means other than casting
Tracheal intubation

Inhalation anaesthesia

e Pelvic symphysiotomy

Table 3.6 Proficiency expected of entry-level bovine veterinarians for surgery, anaesthesia, and restraint procedures by practitioners (adapted from Morin et al.,

2002b).

Working knowledge and good skills
e Castration

Epidural anaesthesia

Dehorning

Wound management

IV or IM sedation

Hoof examination and treatment
Local or regional anaesthesia of the flank
Ear implant administration

Tattooing

Uterine prolapse repair

Vaginal prolapse repair
Supernumerary teat removal
Caesarean section

Casting (for restraint)

Local anaesthesia of the horn

Local anaesthesia of the eye and orbit
Nictitating membrane flap

Repair of teat obstruction

Episiotomy

Corrective or cosmetic hoof trimming
Fracture repair by casting

Umbilical herniorrhaphy

Orthopaedic splinting

Omentopexy or surgical abomasopexy
Tail docking

Excision of interdigital fibroma
Excision of nictitating membrane

e Enucleation

Some knowledge and basic skills
Exploratory laparotomy

Digit amputation

Roping (for animal capture)

IV regional anaesthesia

Urethrostomy

Branding

Temporary rumenostomy
Rumenotomy

Hyperthermia treatment for neoplasia

Tracheostomy

Repair of recto-vaginal laceration or fistula
Abomasopexy by blind suture or toggle
Umbilical resection

Joint lavage or arthrocentesis

Cryosurgery

Tracheal intubation

Inhalation anaesthesia

Intestinal resection and anastomosis

e Liver biopsy

e Urethroplasty

e Procedures to create teaser bulls

e Fracture repair by means other than casting
Ability to research and refer

e Corrective penile or preputial surgery

e Ovariectomy

e Pelvic symphysiotomy
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Table 3.7 Skills performed at least once a month by respondents spending
75% or more of their time in dairy practice (n = 24) (adapted from Luby
etal., 2013).

Table 3.8 Attributes that were identified as important or very important by
the majority of the non-small animal veterinarians (adapted from Mellenby
etal., 2011).

Skill

Abdomen examination
Injection

Body condition scoring
Thorax examination

Sedation

Dystocia management

Oral medication

Displaced abomasum surgery

level entry veterinarians seem least prepared, in ranked order,
were pregnancy diagnosis, herd health management, general
surgery, communication and nutrition. The authors concluded
that the design of veterinary curricula should continue to focus
on ensuring sufficient training in individual animal skills, but
also should ensure that veterinarians possess the skills to adapt
to a changing industry. The changing industry includes some
task based skills being performed by non-veterinarians and the
increasing recognition by larger dairies of the importance of
herd health programs.

Adam (2013) reported on the outcomes of a survey of UK
veterinarians involved with farm animal work. There were
375 respondents. One of the aims of the study was to identify
the main services provided by UK farm animal veterinarians.
Respondents were invited to describe the three main services
that they provide to their farming clients, The categories of
veterinary services described by the respondents were: herd
health/advisory; statutory testing (mainly TB testing); fertility;
obstetrics; disease investigation; emergency treatment; visiting
sick animals; dispensing medication; and technical services (e.g.
castration, dehorning and foot trimming).

Fertility services were the most commonly mentioned, with
57% of respondents stating that they provide fertility services,
including pregnancy diagnosis, ultrasound scanning, reproduc-
tive therapeutics and bull fertility examinations. The second
most common class of services was the examination, diagnosis
and treatment of sick animals, which was mentioned by 51%
of respondents. 32% of respondents mentioned herd health
planning and other advisory services. The author concluded
that while traditional reactive services are clearly still an impor-
tant part of farm animal practice, the findings indicate that
preventative or advisory services such as routine fertility visits,

Attribute

Knowledge about veterinary medicine and surgery
e Good with animals

Compassion for patients

Cleanliness

Good practical skills

* Honesty

Confidence

Friendliness

Compassion for owners

e Good communication skills

Recognises own limitations and knows when to seek advice
Good listening skills

Good at explaining technical terms

Decisiveness

Patience

Clear about cost of treatment

Politeness

Ability to work in a team

A likeable personality

Professional appearance

herd health planning and advisory services are provided by
many farm animal vets.

The perception of veterinarians and non-small animal (SA)
clients which included farm animal veterinarians on what
attributes constitute ‘a good veterinarian’ were examined by a
questionnaire survey (Mellenby et al., 2011). The majority of
these veterinarians rated the attributes in Table 3.8 as important
or very important.

The cattle practitioner-defined competencies (Boxes 3.1 to
3.3) need to be tempered with the broader educational needs of
the veterinary graduate and the requirements of the statutory
accreditation boards. However, the implications of the studies
presented on curriculum design and time allocation are obvious.
New graduates need to be proficient in common and important
skills and procedures to support individual, as well as herd level,
practice. Non-technical skills such as communication, report
writing and business management are now being recognised
as crucial to the promotion and leadership in bringing about
translational change, so that veterinarians can maximise their
contribution to herd welfare, health, production, sustainability
and profitability in the cattle industries.



Education and Cattle Practice: ‘What Do We Do? What Should We Do?’

Box 3.1 Dairy Competency List (Source: Reproduced with permission from AAVMC).

33

A. Demonstrate knowledge of general animal
husbandry/production

1

2

3
4

o

Demonstrate an understanding of dairy farm operation from the
dairyman’s perspective

Demonstrate an understanding of dairy farm operations

a. waste management

b. feeding management

c. employee management

d. herd management

Demonstrate a knowledge of dairy cow anatomy and physiology
Describe physiology and endocrinology of:

a. lactation

b. reproduction

c. ruminant digestion

Identify good husbandry practices to maximise performance
Perform animal handling and restraint techniques

Describe animal behaviour

a. normal behaviour

b. abnormal behaviour

Identify production parameters for:

a. milk production

b. reproduction

¢. udder health

d. replacement heifers

Explain the importance of public perception of animal welfare (i.e.
humane treatment of animals).

10 Describe the life cycle of a dairy animal:

a. adult
b. heifer
c. calf

11 Identify methods to reduce the risk of injury:

a. personal
b. to farm workers

12 Demonstrate problem-solving ability
B. Demonstrate knowledge of population medicine/epidemiology

1
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Describe the interrelationships between disease, production, and

economics (use individual cow problems to identify herd problems)

Identify the principles of cow comfort

Describe the components of milking systems

Demonstrate an understanding of milking machine function

Describe a colostrum management program

Differentiate between a perceived and actual problem

Demonstrate an understanding of oestrus synchronisation

Design and build treatment protocols for common diseases

Interpret the accuracy of scientific information

a. demonstrate an ability to apply statistics to dairy-related
problems

b. demonstrate an understanding of epidemiology

10 Demonstrate an ability to evaluate herd production records
11 Develop a diagnostic plan for problems associated with the

following:
a. nutrition
b. mastitis:
(1) environmental
(2) contagious
c. calf and heifer development
d. lameness
e. metabolic diseases:
(1) milk fever
(2) ketosis
(3) indigestion

f. abortion and infertility

C. Demonstrate an understanding of individual animal medicine

1

Perform a complete physical examination

2 Demonstrate ability to take history and examine the environment
3 Demonstrate ability to determine appropriate lab tests for different

situations

4 Interpret laboratory result:

a. faecal

. bacteriology

. serology

. virology

. serum chemistries

. cytology

g. antibiotic sensitivity tests
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5 Discuss hormonal therapy
6 Describe the importance of follow-up communications for

treatment success

7 Explain how and why to teach clients diagnostic procedures (e.g.

auscultation, taking temperature, California Mastitis Test, etc)

8 Perform faecal examination
9 Perform a post-mortem examination and collect appropriate

samples

10 Perform bacteriology as related to milk quality

1

1

Perform bull breeding soundness exam

D. Demonstrate an understanding of anaesthesia/euthanasia

Discuss the acceptable methods and proper use of euthanasia

2 Demonstrate an ability to understand and use sedative agents and

tranquilisers appropriately

3 Perform local and regional nerve blocks:

. epidural

line

. inverted L

. cornual

. retrobulbular
f. paravertebral
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E. Demonstrate an understanding of surgical treatments

1

2
3
4

Perform and demonstrate an understanding for:

a. caesarean section

. teat surgery

. claw amputation

. eye enucleation

. torsions

. laparotomy

. different approaches for displaced abomasal surgery
. umbilical hernia repair

. castration

. uterine torsion

. tail docking

. removal of supernumary teats

. rumenotomy

. draining abscesses tumour removal

. third eyelid flap

. cryotherapy

. Caslick’s procedure

. uterine amputation

. uterine prolapse

. vaginal prolapse

u. wound management

Demonstrate an understanding of sterile techniques
Identify common surgical instruments

Demonstrate the proper use of surgical instruments
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5 Describe sterilisation techniques i. insurance
6 Differentiate between abscesses, seromas and hematomas j- inventory control
F. Demonstrate an understanding of medical treatment 2 Discuss different types of practice structure
techniques 3 Demonstrate an understanding for and apply time management
1 Perform medical techniques: techniques
a. bandaging techniques 4 Discuss professional record keeping responsibilities:
b. casting procedures a. legal
c. artificial insemination b. professional
d. transtracheal wash 5 Explain the importance of prioritising tasks in a practice environment
e. rumenocentesis 6 Develop strategies to work with other professionals and/or allied
f. liver biopsy industries
g. placement of stomach tube 7 Discuss the importance of follow-up for public relations
h. hoof trimming 8 Discuss the legal responsibilities for client/staff safety
i. hoof care J. Demonstrate people skills ability
j. tattooing 1 Demonstrate writing and oral communication skills:
k. rectal palpation a. with clients
2 Demonstrate competencies in obstetrical procedures, including b. with staff
fetotomy c. with colleagues
3 Demonstrate proper use of obstetrical instruments 2 |dentify positive stress management techniques
4 Demonstrate drug administration techniques: 3 Demonstrate ability to use active listening skills
a. intramuscular injection 4 |dentify techniques to effectively resolve conflicts
b. subcutaneous injection 5 Demonstrate skills in delegation of tasks
¢. intravenous injection 6 Discuss the benefits and responsibilities associated with delegation
d. oral of tasks
e. topical 7 Discuss the management structure of dairy farm operation and
5 Collect a sterile milk sample how to work within the structure to implement changes
6 Collect blood samples: 8 Discuss the importance of speaking in layman’s terminology with
a. jugular clients
b. tail 9 Describe the importance of recognising teachable moments
7 Demonstrate collection of urine samples 10 Discuss the importance of team members’ individual roles and their
8 Perform faecal sample collection contribution to the team
9 Perform IV catheter placement for cows and calves 11 Discuss the importance of recognising cultural and personality traits
10 Administer fluid therapy 12 Identify learning styles
11 Administer intramammary products 13 Discuss the necessity of a family/work balance
12 Demonstrate an understanding of how and why to teach basic . Demonstrate an understanding of informatics
treatment techniques to clients 1 Describe how to identify and access valid sources of information
G. Demonstrate knowledge of clinical pharmacology and 2 Identify resources:
regulatory responsibility a. people
1 Discuss the rational use of antibiotics b. periodicals
2 Demonstrate knowledge of cost/benefit analysis of treatment ¢. cyberspace
3 Demonstrate proper storage and handling of pharmaceuticals and . Demonstrate an understanding of quality assurance
biologicals 1 Discuss veterinary responsibilities in maintaining a safe food supply
4 Demonstrate an understanding of potential human abuse of 2 Interpret bulk tank samples and other surveillance methods
veterinary pharmaceuticals 3 Demonstrate microbiological skills as they relate to milk quality
5 Demonstrate an understanding of the clinical pharmacology of 4 Demonstrate ability to develop an on-farm HACCP, including
common antibiotics ten-point plan for dairy beef quality assurance and dairy quality
6 Demonstrate an understanding of the criteria for a assurance
veterinary-client-patient relationship 5 Discuss the interactions associated with milk quality (i.e. public
7 Demonstrate an understanding of managing adverse drug reactions health, farm finances, and regulations)
H. Recognise, treat, and/or control common diseases of dairy cows . Demonstrate an understanding of ethics and professionalism

. Demonstrate knowledge of business skills and practice

management

1 Demonstrate an understanding of:
a. accounts receivable

. tax liabilities

. overhead

. cash flow

. lifestyle management

. client complaints

. employee management

. benefit packages
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1 Describe the importance of maintaining a professional image

2 Discuss veterinarian/client confidentiality

3 Demonstrate an understanding of work ethics and expectations of
veterinary practice

4 Demonstrate self-discipline:
a. dependability
b. positive attitude
c. appropriate attire

5 Demonstrate an understanding of the Animal Medicinal Drug Use
Clarification Act
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6 Discuss the expectation of the community, the regulatory agencies
and the general public for the veterinarian
7 Discuss the importance of continuing education
8 Discuss how to build credibility and rapport with clients
9 Discuss how to separate personal and client business objectives
. Demonstrate an understanding of public health
1 Discuss principles of meat hygiene
2 Demonstrate an understanding of zoonotic diseases:
a. Salmonellosis
. E. coliH0157
. Johne’s disease: Crohn’s disease
. Bovine spongiform encephalopathy (BSE)
. Cryptosporidosis
. Tuberculosis (TB)
. Brucellosis
. Listeria
. Leptospirosis
j. Rabies
3 Discuss disaster relief awareness

- TQ -~ QN T

0.

Explain the benefits and structure of organised veterinary
medicine
1 American Veterinary Medical Association
2 State veterinary association
3 Breed specific organisations
4 State and national organisations
5 Identify strategies to develop a peer network
Demonstrate an understanding of nutrition
1 Discuss principles of nutrition
2 Evaluate:
a. rations
. feedbunk management
. storage of feedstuffs
. ration preparation and delivery
. dry cow rations
f. manure
Identify health-related problems due to improper nutritional
management
4 Describe importance of water
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Box 3.2 Cow-Calf Competency List (Source: Reproduced with permission from AAVMC).

A. Demonstrate knowledge of general animal

husbandry/production
1 Discuss the function and economics of each segment of the cow-calf
industry
a. hobby herds
b. gleaner (crop residue) herds
c. commercial herds
d. seedstock herds
2 Describe the beef cow-calf production cycle and its interactions with
the farm community
3 Demonstrate an understanding of veterinary medicine’s role in the
total cow-calf industry system
4 Demonstrate an understanding of beef cattle terminology (basic
vocabulary), e.g. breeds, body types, equipment, nutrition, feeding,
etc.
Discuss animal breeding systems, line breeding, crossbreeding and
terminal crosses
6 Summarise expected progeny differences
7 Demonstrate an understanding of bovine behaviour during handling
and transport
8 Demonstrate an understanding of cattle marketing structures
9 Describe components that affect animal welfare, e.g. environment,
facilities, etc.
. Demonstrate a knowledge of population medicine/epidemiology
1 Discuss disease dynamics
List risk factors for various types of diseases
Apply statistical principles to different practice situations
Explain the principles of biosecurity
Discuss the pros and cons of metaphylaxis
Describe and discuss prophylaxis, prevention, and immunisation
strategies
7 Discuss biometrics, statistics, and scientific method
8 Explain the steps and process of record analysis
9 Demonstrate ability to perform a pregnancy examination
10 Conduct a clinical examination
11 Given several situations establish a herd diagnosis for each situation
. Demonstrate knowledge of individual animal medicine
1 Demonstrate an understanding of cattle restraint
a. physical restraints
b. chemical restraints
2 Perform a physical examination utilising the five senses:
subjective/objective/assessment/plan
3 Recognise and discuss the cost effectiveness of laboratory tests

1%,
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4 Evaluate the cost effectiveness of treatments
5 Recognise the attributes of a normal bovine

1

2

1

5
6

. Administer anaesthesia/euthanasia

Explain indications for the use of available local, regional and general
anaesthesia agents and demonstrate proper technique of
administration

Describe the indications for combinations of physical and/or chemical
restraint

. Perform surgical treatments

Perform routine emergency surgeries without assistance by
professionals

. Caesarean section

. Obstetrical procedures

. Prolapse of vagina, uterus and rectum

. Urinary calculi and complications

. Laceration repair

. Bloat management

Demonstrate an understanding of principals of surgery — aseptic
technique, suture material, suture patterns, etc.

Discuss contamination factors

Explain and illustrate the anatomical relationship of various surgical
approaches

Demonstrate field surgical techniques

Diagnose and treat feet problems
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. Demonstrate knowledge of medical treatment and diagnostic

techniques

1

w N

Demonstrate ability to perform intravenous (IV), intramuscular (IM),
subcutaneous (SQ), intraperitoneal (IP), intradermal (ID), oral (PO),
intrauterine (IU) and ear implantation procedures

Demonstrate physical restraint techniques

Demonstrate breeding soundness examination (BSE), pregnancy
determination, palpation, auscultation and ballottement
Demonstrate ability to use radiology and ultrasound equipment and
interpret produced images

Demonstrate ability to use laboratory equipment and interpret
findings

. Demonstrate a knowledge of clinical pharmacology and
regulatory responsibility

1

2

Demonstrate knowledge of resources available today (e.g.
Compendium of Veterinary Products, textbooks, Food Animal Residue
Avoidance Databank, etc.)

Describe the mechanisms of action for different antibiotics
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Discuss factors influencing proper drug choice and treatment
protocols

Explain cost effectiveness of treatments

Describe flexible labelling

Explain the factors affecting drug withdrawal times
Summarise AMDUCA, i.e. records, labelling, valid
veterinarian-client-patient relationship (VCPR)

Demonstrate the proper use of prescription writing

H. Recognise, treat, and/or control (RTC) common and exotic
diseases of cattle
I. Demonstrate knowledge of business skills and practice
management

Demonstrate knowledge of basic record-keeping and accounting
procedures

a. Medical

b. Financial

Explain the importance of clean environment as related to clinic,
equipment and vehicles

Calculate and discuss your financial worth to both practice and client
Define a good work ethic and list its components

Demonstrate how to teach leadership and team member skills to
clinic staff

Explain partial budget cost/benefit

Discuss and list the costs associated with operating a business
Explain the necessity of billing for all services rendered

Discuss the principle of total quality management

J. Demonstrate people skills ability

Discuss all aspects of communicating with clients

Demonstrate how to teach leadership and team member skills to
clinic staff

Practise listening skills

List the basic personality types and explain their significance
Demonstrate willingness and ability to work with clients
empathetically.

Demonstrate an ability to deal with people at their level

Explain the process for resolving conflicts

K. Demonstrate an understanding of informatics
1 Demonstrate an understanding of critical review of scientific literature

Demonstrate ability to access the internet

Demonstrate ability to access and use online databases

Explain the importance of continuing education and lifetime learning
Demonstrate ability to use appropriate software programs

Explain the importance of knowing resources available at colleges of
veterinary medicine

L. Demonstrate an understanding of quality assurance

Describe beef quality assurance
Discuss the veterinarian’s role in the delivery of beef quality assurance
programs

M. Demonstrate an understanding of ethics and professionalism

Explain how the delivery of professional services can convey the
correct professional images

2 Explain the importance of state practice acts and discuss the

practitioner’s role in enforcement

Discuss the importance of personal appearance and professionalism
Explain the importance of having a sense of community service
Explain the benefits of organised veterinary medicine

Recognise the importance of personal hygiene

Discuss proper disposal of trash and medical waste

0.

Q.

R.

8 Explain the benefits of camaraderie rather than competition among
practitioners
9 Discuss reasons to maintain written records for each case
(examination, treatment, recommendation, etc.)
10 Discuss the importance of appreciating the public’s perception of
animal welfare

. Demonstrate an understanding of public health

1 List and discuss the zoonotic diseases of cattle

2 Discuss manure management problems associated with cow-calf
operations

3 Explain the structure of the public health system

4 Discuss the role of veterinarians in the public health system

Demonstrate an understanding of state and federal regulations

1 Demonstrate an understanding of OSHA regulations that pertain to

practice

Describe biosecurity environmental concerns

Discuss environmental regulations associated with cow/calf industry

Explain the responsibility associated with federal accreditation

List reportable cattle diseases

Demonstrate an understanding of proper procedures for controlled

substances

7 Recognise sources of information for State and Federal regulations

8 Discuss carcass disposal regulations
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. Demonstrate an understanding of nutrition

1 Discuss body condition management within the production cycle
2 Discuss the role of minerals in cow-calf nutrition and macro-micro
mineral interactions
Describe general knowledge of feed sources — commercial product
availability
4 Explain role of supplements (energy, protein, mineral)
5 Demonstrate an understanding of:
a. forages
b. implants
c. feed stuffs
d. feed additives
Demonstrate ability in problem solving
List the five steps of problem-solving
Crystal ball
1 Relate an understanding of the changing role of practitioners and
clinicians, from medical to commodity economics, based on sound
medical principle
2 Discuss the role for consortiums among universities
Discuss the local veterinarian as a contractor within a larger structure
4 Describe diagnostics, not treatment, as the income
generator — treatment to lowest bidder
Recognise the huge pressure in industry to license technicians to
practise alone
6 Discuss the trends towards fewer food animal veterinarians doing
more of what they are trained for
7 Discuss the expanded use of licensed veterinary assistants to
perform pregnancy checks, ultrasound, castrations, etc.
8 Discuss pros and cons of internships — one year pre/post-graduate
experience
9 Recognise the trend towards less protectionism for the veterinarian’s
role
Recognise the trend towards enforcement of practice acts only by
complaints

w

w
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Box 3.3 Feedlot Competency List (Source: Reproduced with permission from AAVMC).

A. Demonstrate an understanding of general animal (4) Determine age of cattle

husbandry/production

1 Demonstrate an understanding of feedlot terminology

2 Demonstrate an understanding of a feedlot production cycle

3 Discuss the influencers of performance: (e.g. genetics, nutrition,
environment, animal health, cattle handling, facility design, etc.)

4 Demonstrate an understanding of the management of a feedlot
operation (e.g. health, maintenance, marketing services and cattle,
feed mill, and environmental issues)

5 Demonstrate an understanding of feedlot economics (e.g. individual
animal, pen, profit centres, marketing, etc.)

6 Demonstrate an understanding of the desired end product for each
of the customers that a calf needs to satisfy during its lifetime (e.g.
producer, feedlot, packer, processor, retailer, restaurant, and
consumer)

7 Demonstrate an understanding of cattle grading and inspection.

8 Discuss dark cutters; carcass cuts; grading (quality grade and /yield
grade); maturity; cutability; and meat tenderness, juiciness and
flavour.

9 Demonstrate an understanding of the basics of equipment operation
(e.g. feed truck, front-end loader, etc.)

10 Design a risk avoidance management program for a feedlot

11 Demonstrate an understanding of animal behaviour

12 Demonstrate an understanding of cattle and beef marketing

13 Recognise the different kinds of forages

14 Discuss the nutrient value of the different forages

15 Recognise the different kinds of feedstuffs

16 Discuss the nutrient value of the different feedstuffs

17 Evaluate a feedlot ration

. Demonstrate an understanding of population

medicine/epidemiology

1 Discuss disease prevention (e.g. good management practices (GMP),
cattle source, immunisation, mass medication by feed or parentally,
and biosecurity)

2 Demonstrate ability to perform problem solving (e.g. identify
problem, gather information, organise results, apply decision tree
analysis, rank outcome on decision tree analysis)

3 Apply methods and techniques of production problem investigation

4 Demonstrate knowledge of data collection, keeping records, and

acquisition systems

Demonstrate ability to transfer individual animal information to herd

or population database

6 Discuss the methods used to analyse different types of data

Demonstrate proficiency in the application of epidemiology

8 Demonstrate understanding of economic modelling, analysis, and
relevant outcomes as it relates to good management practices and
source of cattle
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C. Demonstrate an understanding of individual animal medicine

1 Perform clinical examination pertinent to a given situation and
record results to apply to population data
a. Take history from client
(1) Develop listening skills
(2) Develop interviewing skills
b. Examine environment
(1) Examine herd, pasture, housing, water, feed, etc.
(2) Examine client’s and premise’s environmental history
¢. Perform physical exam for diagnostic purposes
(1) Determine temperature, pulse rate, and respiratory rate
(2) Check eyes, ears, nose, and throat
(3) Perform oral exam

(5) Perform rectal exam
(6) Percuss and auscultate thorax
(7) Percuss and auscultate abdomen
(a) Diagnose normality, right displaced abomasum (RDA),
ulcers, cecal torsion, rumenatony, hardware, left
displaced abomasum (LDA)
(b) Evaluate rumen function
(8) Examine musculo-skeletal system
(9) Interpret thermometer readings (normal and abnormal,
values)
(10) Collect appropriate samples
(11) Examine skin
(12) Examine urinary/genital systems
(13) Examine nervous system
d. Perform lab tests/special exams
(1) Perform vena puncture
(2) Collect and maintain samples
(3) Determine appropriate tests(s)
(4) Determine sample(s) needed to support diagnosis
(5) Determine appropriate laboratory for testing sample(s)
(6) Interpret lab results and data
(7) Discuss cost effectiveness of lab tests
(8) Discuss lab variability vs. individual animal variability
(9) Describe the sensitivity and specificity of different tests
e. Demonstrate knowledge of clinical pathology
(1) Perform faecal exam
(2) Perform complete blood cell count
(3) Determine total plasma and packed cell volume
(4) Use various kinds of lab equipment
(5) Demonstrate knowledge of gross and microscopic
parasitology
(6) Demonstrate knowledge of clinical bacteriology
(7) Demonstrate knowledge of cytology
(8) Demonstrate knowledge of antibiotic residue tests
2 Demonstrate knowledge of post mortem examination
a. Perform a necropsy
b. Recognise normal tissue
c. Perform sample collection and submission
d. Recognise lesions
e. Discuss the importance of obtaining a complete history
3 Demonstrate knowledge of nursing care and hospital pen
management
4 Recognise good hospital management
5 Demonstrate knowledge of necropsy examination appropriate to
feedlot standards

D. Demonstrate an understanding of anaesthesia and euthanasia

procedures

1 Demonstrate an understanding of animal welfare and well-being (e.g.

castration, dehorn, eyes, claws, prolapses, abscesses, etc)

2 Discuss the importance of understanding the public’s perception of
how animals are handled (including when dead)

3 Discuss the importance of establishing a long-term anaesthesia and
euthanasia policy for a feedlot

. Demonstrate an understanding of surgical treatments
. Demonstrate an understanding of medical treatment techniques

1 Demonstrate an understanding of the methods of administration,
equipment maintenance, and sanitation

2 Demonstrate an understanding of mass treatment techniques (e.g.
injectables, feed or water, topical, and implants)
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3 Demonstrate an understanding of individual treatment techniques 4 Demonstrate knowledge of musculo-skeletal ailments
(e.g. subcutaneous, intravenous, oral (balling gun, stomach tubes) a. Toe abscesses
and topical) b. Foot rot
4 Demonstrate an understanding of injection site selection, tissue c. Arthritis
damage and beef quality assurance d. The ‘Buller’ syndrome
5 Demonstrate knowledge in the selection of appropriate treatment e. Laminitis
methods (e.g. beef quality assurance, regulatory, withdrawal time) 5 Demonstrate knowledge of central nervous conditions
G. Demonstrate knowledge of clinical pharmacology, drug a. Rabies
selection, and regulatory responsibility b. Polioencephalomalacia
1 Demonstrate knowledge of AMDUCA and how it impacts feedlots ¢. Thromboembolic meningoencephalitis
2 Demonstrate knowledge of The Animal Drug Availability Act of d. Nervous coccidiosis
1996 (ADAA) e. Acute severe acidosis associated with grain overload
3 Demonstrate an understanding of the proper storage and handling f. Listeriosis
of pharmaceuticals and biologicals 6 Demonstrate knowledge of urogenital conditions
4 Discuss the importance of a correct diagnosis on drug selection a. Urolithiasis
5 Demonstrate knowledge of treatment protocols, dosing schedules, b. Pylonephritis
prescriptions, other order, withdrawal times, etc. . Leptospirosis
6 Demonstrate an understanding of efficacious drug selection (e.qg. d. Dystocia
pharmacokinetics, pharmacodynamics, and efficacy data) e. Infections of the reproductive tract
7 Demonstrate knowledge of proper selection of medication as to f. Castration complication

efficacy, route of delivery, withdrawal time, and cost

8 Demonstrate an understanding of proper treatment interval and

dosing (amount, route, and site selection)

Explain the proper use of withdrawal times

10 Demonstrate knowledge of cost and benefit analysis (performance,
management, and safety)

11 Demonstrate an understanding of proper adverse product complaint
investigation and reporting

12 Demonstrate knowledge of production enhancement products

13 Demonstrate an understanding of recording and maintaining
treatment records

14 Demonstrate knowledge of prescription writing, other orders, and
veterinary feed directives

©

H. Recognise, treat and/or control diseases of feedlot cattle

1 Demonstrate knowledge of microorganisms commonly associated
with Bovine Respiratory Disease Syndrome (BRD)
a. Bovine herpes virus 1 (BHV-1) and 3/Malignant Catarrhal Fever
(MCF)
. Bovine Para influenza 3 virus (PI3)
. Bovine viral diarrhoea virus (BVDV)
. Bovine respiratory syncytial virus (BRSV)
. Bovine adenovirus
. Bovine rhinovirus
. Bovine corona virus
. Mannheimia haemolytica
. Pasteurella multocida
. Hemophilus somnus
. Mycoplasma spp.
. Chlamydia spp.
2 Demonstrate knowledge of miscellaneous respiratory conditions
a. Atypical interstitial pneumonia
b. Laryngeal abscesses
c. Tracheal oedema
d. Late feeding period BRD
3 Demonstrate knowledge of digestive conditions
. Rumen tympany (primary and secondary bloat)
. Acidosis (clinical and sub-clinical)
. Sudden death syndrome
. Clostridial diseases
. Peritonitis
. Salmonellosis
. Trichobezoars
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7 Demonstrate knowledge of ocular conditions
a. Infectious bovine keratoconjunctivitis
b. Infectious bovine rhinotracheitis
c. Foreign bodies and injury
d. Ocular squamous-cell carcinoma
8 Demonstrate knowledge of parasitic diseases
a. Anaplasmosis
b. Coccidiosis
¢. Intestinal nematodes and cestodes
d. Flukes
e. External parasites
9 Demonstrate knowledge of miscellaneous feedlot conditions
. Heat stress
. Cold stress
. lonophore toxicity
. Organophosphate toxicity
. Urea toxicity
. Anaphylaxes
. Pericarditis and endocarditis
. Traumatic pericarditis
10 Demonstrate knowledge of disease monitoring in feedlots via
slaughter checks
11 Define and discuss the pathogenesis of the conditions represented
by the terms used by USDA-FSIS as reasons for condemnation at
slaughter
a. Emaciation and miscellaneous degeneration
. Eosinophilic myositis
. Nephritis and pyelitis
Pyemia
. Pyrexia
. Residue
. Septicemia
. Toxaemia
i. Uraemia
I. Demonstrate knowledge of business skills and practice
management
1 Demonstrate knowledge of the different kinds of insurance (e.g.
malpractice, property, etc.),
2 Demonstrate ability to sell professional skills
3 Demonstrate an understanding of how to handle client complaints
4 Demonstrate an understanding of overhead (e.g. solo vs. groups vs.
partnerships)
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Demonstrate an understanding of the principles of inventory control
Discuss different methods of collecting overdue accounts and how
to prevent overdue accounts

Demonstrate an understanding of cash flow in a practice

Discuss the different taxes that affect the practice, the individual,
and clients

Demonstrate an understanding of practice record keeping, required
licences, client accounts, sales tax, social security tax, interest, and
depreciation

Develop a plan for repaying student debt

Demonstrate an understanding of basis for setting fees
Demonstrate an understanding of the principles of time
management

Demonstrate an understanding of the value of life style
management

Demonstrate an understanding of the different types of business
structure, (e.g. partnership, corporation)

Demonstrate an understanding of records required for controlled
substances

Demonstrate an understanding of feedlot accounting
Demonstrate knowledge of client confidentiality, competitive
advantage, and proprietary issues

Demonstrate an understanding of separating your personal and
client’s business objectives

Demonstrate an understanding of the importance of how an
organisational tree power structure of a feedlot will influence your
role as a consultant

Demonstrate an understanding of the delicacy of dealing with
customers and suppliers of feedlots

Demonstrate an understanding of recognising conflict of interests

. Demonstrate people skills ability

1

2
3
4

8
9
10
1
12

13

Discuss types of client education

Identify and understand personality types

Speak with confidence to individuals and groups

Communicate with people at their level by telephone, in person,
and by writing

Demonstrate an understanding of how to inspire teamwaork in
colleagues, employees, and clients’ employees

Write brief, complete accurate reports

Demonstrate an understanding of the principles of conflict
management

Demonstrate an understanding proper hiring and firing practices.
Report case progress to client promptly

Demonstrate proper telephone skills and client communications
Recognise proper communication practices

Demonstrate an understanding of the potential conflicts between
family and practice

Demonstrate an understanding of the principals of managing people

. Demonstrate an understanding of informatics

1 Demonstrate ability to perform critical evaluation of scientific
literature

2 Explain the need for continuing education

3 Demonstrate computer literacy (e.g. spread sheets, word processing,
data bases, literature retrieval)

4 Demonstrate knowledge of computer hardware and operating system

5 Demonstrate knowledge of internet skills (e.g. veterinary medicine,
USDA, FDA, commaodity market sites, etc)

6 Demonstrate an awareness of appropriate software for feedlot
practice
7 Explain the importance of life long learning

. Demonstrate an understanding of beef quality assurance

1 Apply current concepts of animal welfare to feedlot practice

2 Demonstrate an understanding of methods of residue avoidance and
withdrawal times.

3 Demonstrate an understanding of the concept of total quality
management including Hazard analysis and critical control points,
genetics, nutrition, processing, handling, etc.

4 Explain how to prevent carcass blemishes

. Demonstrate an understanding of ethics and professionalism

1 Define ethics and professionalism

2 Apply ethics to various situations involving conflicts between
veterinary practitioners

Apply ethics to various situations involving conflicts between
veterinary practitioners and clients)

4 Demonstrate an understanding basic public relations and how to
present the profession well in all situations

Describe benefits derived from using ethical practices

Define professionalism

Describe the benefits to be derived from professionalism
Demonstrate an understanding of the meaning of client/patient
relationship

Demonstrate an understanding of the importance of maintaining a
professional image

10 Discuss doctor/client confidentiality

11 Demonstrate appropriate situational attire

12 Explain the importance of personal responsibility and reliability
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. Demonstrate an understanding of the feedlot veterinarian’s role

in public health

1 Discuss drug withdrawal and residue avoidance

2 List the zoonotic pathogens associated with the feedlot environment

3 Discuss the veterinarian’s role in improving feedlot worker safety

4 Explain the veterinarian’s role in preventing environmental
contamination by feedlots

. Explain the benefits of organised veterinary medicine

1 Describe the benefits derived from belonging to and participating
organised veterinary groups

2 Develop a plan to become involved in veterinary organisations (local,
state, national, specialty, and support groups)

. Demonstrate an understanding of nutrition
. Demonstrate an understanding of State and Federal regulations

pertaining to feedlots

1 Explain the veterinarian’s role and obligation to the feedlot, public,
government, and self in regards to laws, regulations, and ethics.
(FDA, USDA, EPA, DNR-DEQ, OSHA, and zoning)

2 Demonstrate an understanding of the regulatory aspects of
interstate, intrastate, and international cattle movements

3 List quarantinable and reportable cattle diseases

. Demonstrate an understanding of the livestock marketing

structure

1 Evaluate different generic sources of feedlot cattle

2 Understand flow of cattle in through the livestock structure

3 Understand intrastate/interstate/international transport regulations

4 Understand responsibility and consequence of marketing
low-performing and out-cattle
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CHAPTER 4

Evidence-Based Veterinary Medicine and Clinical

Audits in Cattle Practice

Peter D. Cockcroft

Learning objectives

o Understand what evidence-based veterinary medicine
(EBVM) is.

« Understand the process of EBVM: ask, access, appraise, apply,
audit.

« Appreciate the skills and resources required to successfully
practise EBVM.

« Understand what a clinical audit is.

o Appreciate why they are important.

« Understand the processes involved in performing a clinical
audit.

Introduction

Bovine clinicians are constantly faced with a range of clini-
cal tasks associated with disease in a particular animal, such
as: interpreting diagnostic tests; optimising the diagnostic
process; judging the efficacy of preventative or therapeutic
interventions; trying to predict the harm associated with spe-
cific therapies; predicting the course and prognosis of a disease;
and estimating the costs of intervention. Veterinary clinicians
need to know whether their procedures and judgments are valid.

Society expects that safe and effective treatments and advice
are provided by veterinary surgeons. A veterinary surgeon has
a moral and ethical obligation to provide treatment and advice
for which there is good evidence (Ramey and Rollin, 2001). Pri-
mary research papers are the source of science-based evidence.
The link or bridge between clinical research and clinical practice
is evidence-based veterinary medicine. This bridge is vital if we
are to use the output of research to best advantage in the care of
our patients.

The application of EBVM can:

o improve and optimise: diagnosis, prognosis, control, treat-
ment of animals;

« provide informed choices for farmers;

o enable veterinarians to: defend their decisions scientifi-
cally; provide the user with a methodology for appropriate,
patient-orientated life-long, self-directed learning; identify
information deficits in the literature; and direct clinical
research.

How do you make your decisions in a science-based profession
that is rapidly advancing?

Rule of least worst Do what you will regret the least.
How would you do it?

How would you like to proceed?

Defer to experts
Defer to patient

e  Dogmatism This is the best way to do it.

e  Policy This is the way we do it around here.
e  Experience This way worked the last few times.
e  Whim This way might work.

e  Nihilism It doesn’t really matter what we do.

[ ]

[ ]

[ ]

A simple way of assessing your own performance as an EBVM
practitioner is to answer the following questions:

Do I identify and prioritise the problems to be solved (infor-
mation needs)?

« Do I search for the missing information?

« Do I understand what is meant by the terms Type I error, Type
IT error, power, sensitivity specificity and number needed to
treat?

« Do I appraise new information in terms of scientific validity?

« Do I have the resources to access the internet?

o Am I aware of the veterinary information databases?

Bovine Medicine, Third Edition. Edited by Peter D. Cockcroft.
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Is my application of new information scientifically justified
and intuitively sensible for this situation?

Do I explain the pros and cons of different opinions, taking
into account the different utilities to the owner?

Have I got the all the tools to perform EBVM in my profes-
sional toolkit, and do I know what they are?

In human medicine, the application of evidence-based
medicine (EBM) has been responsible for a major step up in
patient care and appropriate life-long learning.

Developments that have allowed this situation to change are:
The development of search strategies for efficiently tracking
down appraising evidence (for its validity and relevance).
The creation of systematic reviews and concise summaries.
The creation of evidence-based journals of secondary
publication.

The creation of information systems to allow fast access.

The identification and application of effective strategies for
life-long learning for improving clinical performance.

What is evidence-based veterinary medicine
(EBVM)?

Evidence-based medicine (EBM) has been defined as ‘The

integration of best research evidence with clinical expertise and

patient values’ (Sackett et al., 2000). In veterinary medicine, a

suitable definition of EBVM might be, “The use of current best

evidence in making clinical decisions’ (Cockcroft and Holmes,

2003). Other descriptive terms that have been used include:

‘Research into practice’, Just in time learning’, ‘A process of

life-long self-directed, problem-based learning’.

Rapid advances in knowledge constantly challenge our abil-
ity to provide the best and most current clinical information for
cattle health care. When faced by uncertainty as to the best and
most current approach to a clinical problem, we can choose from
several options. These include:

« Relying on our knowledge of pathophysiology, remember-
ing unsystematic clinical observations of a previous case,
tossing a coin to decide between two competing options,
intelligent guess work, doing nothing to avoid harm, asking
colleagues, referring to text books, browsing journals and
doing a database search with an unstructured appraisal.

« Proceeding on the basis of our personal experiences or clinical

intuition.

Seeking the advice of an expert in the field.

« Relying on scientific evidence-based veterinary medicine.

The traditional approach suggests that:

Clinical experience is a valid way of gaining an understanding

about diagnosis, prognosis and treatment.

Pathophysiological rationale is a valid way of guiding

treatments.

o Common sense and classical medical training are the only
qualities needed to evaluate medical literature.
The EBVM approach suggests:

« personal experience may be misleading;

« randomised studies are required to validate results, because
predictions based upon physiology may be wrong;

« reading literature requires more than common sense to eval-
uate the evidence.

What is evidence?

Evidence is something that serves as proof to support (or refute)
a fact, and it may range from weak to strong. Research studies
that do not conform to accepted scientific methodologies will
produce evidence that is invalid. The best evidence is derived
from well-designed clinically relevant research, especially from
patient-centred clinical research.

The value of evidence derived from clinical trials is directly
related to the statistical power of the study. The power of the
study represents the probability that a specified difference will
be detected. This allows the construction of a hierarchy of evi-
dence based upon the strengths of the different study designs to
answer specific questions.

A typical representation of this hierarchy is the so-called pyra-
mid of evidence illustrated in Figure 4.1. The second pyramid,
which is harder to define, is reliant upon evidence from other
sources. The use of the second pyramid is not unusual in veteri-
nary medicine.

The process of EBVM is as follows:

o Information needs are identified.

« Information needs are transformed into a series of questions.

o A search is performed for the best available evidence with
which to answer the question with maximum efficiency.

« The evidence obtained is critically appraised for its validity

(closeness to the truth) and usefulness (clinical applicability).
o The results of this appraisal are used in clinical judgments and

actions.

o The outcome of the resulting decisions and actions are
evaluated.

This process can be remembered by using the 5 A’s:

1 Ask an answerable clinical question

2 Access (systematically search) AND rank the evidence to help
answer clinical question,

Appraise evidence
4 Apply the best evidence:
a. Amalgamate the valid evidence with other relevant
information to make a good decision; and
b. Act on your (or owners) decision
5 Audityour practice (i.e. check your actual practice - ‘actions’
— against ‘best’ evidence-based practice)

(O8]
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Figure 4.1 An illustration of the hierarchy of evidence. The pyramid on the right shows the difficulty in ranking much of the evidence used in clinical

veterinary work.

What skills do I need to practise EBVM?

The starting point is to identify that further information is
required. Information needed to solve a problem fall into three
categories:

« information that is needed and is known;

« information that is needed but not known;

o information needs that are not recognised.

Turning information needs into scientific
questions
The definition and structure of an appropriate question is cru-
cial if the search for appropriate evidence is to be successful. The
question should define the clinical problem using scientific ter-
minology that will identify the evidence required and lead us to
the most efficient search strategy to locate that evidence.

A clinical question may have the form:

Is this a good treatment for a disease?

An answerable question would be: What is the probability of a
cure with the treatment, compared with an alternative standard
therapy in a patient that has the disease in a population like mine?

Four main elements of a well-formed clinical question
(PICO or PECOT)
The four main elements of a good clinical question can be
remembered from the mnemonic PICO: Patient, Intervention,
Comparison, and Outcome.

Another acronym gaining popularity is PECOT: Population,
Exposure, Comparison, Outcome and Time. Exposure includes
treatments as well as risk factors for disease.

Example using PICO

Is there an advantage to using ketoprofen when surgically

castrating calves?:

« Patient or problem
How would a group of patients similar to mine be described?
A group of 3 month old Simmental x Holstein-Friesian bull
calves which are to be surgically castrated

Intervention (a cause, prognostic factor, treatment)

Which main intervention am I considering?

Ketoprofen (Ketofen) 10% 3mg/kg i/m at the time of castration
Comparison intervention (if appropriate)

What is the main alternative I am considering?

No analgesia

Outcome

What are the main benefits or downsides?

With ketoprofen, compared to untreated animals, is there: a
greater growth rate in the month after castration? Is there better
food conversion efficiency? Is there a cost benefit? Is there
reduced stress and discomfort?

To assist in identifying information needs and translating
them into scientific questions, it is useful to categorise the type
of question you are asking into one or more of the following
categories:

« Epidemiological
 Diagnostic tests

o Treatment

« Harm/aetiology

» Prognosis

« Control and prevention
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Prioritising the questions

When you have more questions than time, consider:

o Which question is the most important to the animal’s welfare?

o Which question is the most feasible to answer in the time
available?

o Which question is most interesting to you?

o Which question are you most likely to encounter repeatedly
during the course of your work?

o Which question has the lowest time cost but the greatest
cost/clinical benefit?

Sources of evidence

The most reliable evidence is that derived from scientific
research using valid methodologies which is published in
primary research papers.

Appraising the evidence

The greatest statistical certainty comes from well conducted
meta-analyses that incorporate a number of randomised con-
trolled experimental studies. Similarly, systematic reviews also
provide strong evidence (see Figure 4.1).

The randomised control trial (RCT) will always have the
greatest power when compared to other data collection designs,
but it may not be appropriate to answer questions about causa-
tion where cohorts or case control studies are more appropriate.
Randomised control trials are the design of choice for evi-
dence regarding treatments. Trial designs further down the
pyramid produce results that are less transferable to other
populations, but may be more applicable to certain types of
patient. The object of the evidence hierarchy is to concentrate
the effort on those sources most likely to yield the greatest
rewards.

When few higher-quality sources of evidence are available
representing the apex of the pyramid, we can work down
the hierarchy until sufficient information is obtained. In the
absence of any other information, individual case reports may
be extremely helpful. Alternatively, when searches yield an
excessive numbers of articles, we can concentrate on the better
evidence by filtering out the results of studies lower in the
hierarchy.

Appraising the studies you have selected

Appraisal establishes the validity of the evidence and enables
the results to be critically assessed and transformed into
useful information. An understanding of randomisation,
double-blinding and statistics such as probabilities and odds
is required. Specific parameters such as the number needed to
treat in therapy studies requires a knowledge that will need to be
acquired if the results are to be meaningful. The number needed

to treat is the number of animals needed to be treated before
an additional animal benefits from the treatment. The ability
to analyse studies about tests, therapy, diagnosis, aetiology and
prognosis will require you to learn new skills if the evidence is
to be identified as clinically relevant.

Future needs

Resources for the practice of EVBM

Outlined below are some of the developments that have enabled
EBM to become a reality in everyday medical practice.

Critically appraised topics (CATs)

There are now numerous internet sites that contain a database of
CATs. A CAT is a short summary of the evidence to a focused
clinical question. The preparation of CATs enables this informa-
tion to be shared or used at a later date.

Standard protocols have been produced regarding the format
of CATS. Any qualified practitioners may submit CATS to these
dedicated websites. Some EBM centres use the acronym POEM
(Patient Orientated Evidence that Matters) as an alternative
to CAT. The Centre for Evidence-based Veterinary Medicine
at the Nottingham University School of Veterinary Medicine
has a BETS (Best Evidence Topic) database, which is a CAT by
another name.

High-quality systematic reviews

Systematic reviews of the literature designed to answer a spe-
cific clinical question represent a form of secondary scientific
literature with a very high evidence value. They enable evidence
to be located quickly, in a summarised form, with an objective
science-based opinion that addresses the quality of the evidence
presented. In human medicine, dedicated resources exist to fulfil
this need. The Cochrane Library is a good example of a database
of systemic reviews.

Secondary journals

Secondary journals to support the practice of EBM have devel-
oped in human medicine. Secondary journals publish structured
abstracts summarising the best quality evidence and the most
clinically useful recent research from the literature.

What resources do we need for the practice of EBVM?

It is clear that, if EBVM is to succeed, we need (Valori, 2001):

« Systematic reviews.

» Secondary journals.

o A central database of CATs.

o More clinical trials.

 Education at all levels in EBVM skills.

« An audit of commonly asked questions for which there is poor
evidence, to identify priority area for clinical research and sys-
tematic review.
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« Fewer or more uniform databases.

o Better indexing and tagging of controlled trials.

o Tagging of discredited evidence.

o Links to full text papers and reviews.

o Uniformity in the format and criteria used to present sum-
mary and primary evidence

o Locally adapted guidelines (practice) from centrally tested evi-
dence (universities, institutes and referral practices).

Conclusion

There will not be time to find answers to every question gen-
erated by our information needs, and there is a need to priori-
tise our information needs to those that have a major impact
on our patient care. However, every effort should be made to
use the current best evidence in our decision-making if we are
to maintain our professional standing. The practice of EBVM
should form part of life-long, problem-orientated, self-directed
learning, to ensure our knowledge and skills are optimised to
match the needs of our clients and patients. National and inter-
national co-operation will be required to provide the necessary
resources.

The Centre for Evidence-based Veterinary Medicine at the
Nottingham School of Veterinary Medicine now has a web-
site which provides useful tutorials to support the practice of
evidence-based veterinary medicine. A recent issue of the Vet-
erinary Clinics of North America was entitled ‘Evidence-Based
Veterinary Medicine for the Bovine Veterinarian’ (Buczinski and
Vandeweerd, 2012). These developments, in addition to other
interest groups, reflect the growing interest and recognition of
the importance of the paradigm.

Clinical audits
What is a clinical audit?
A clinical audit has been defined as follows:

‘Clinical audit is a quality improvement process that seeks to improve
patient care and outcomes through systematic review of care against
explicit criteria and the implementation of change. Aspects of the
structure, processes, and outcomes are selected and systematically
evaluate against explicit criteria. Where indicated, changes are
implemented at the individual, team or service level and further
monitoring is used to confirm improvement in health care delivery.’
(NICE, 2002).

The audit is a performance review, and it measures practice
performance. From this, the need for change can be identified.
Although often overlooked, it provides a mechanism for identi-
fying learning needs and implementing best (evidence-based)
practice. Clinical audits have been shown to be an effective
method to change practice behaviour.

The process involves:

o Preparation (what to audit and the team to do it).
o Criteria selection (processes or outcomes).

o Setting standards (evidence-based).

o Measurement of performance.

o Analysis and review of the results.

« Repeat of the cycle to measure impact.

Starting with a perceived important and common problem
within the practice is useful to stimulate interest and motivate
participants. Examples in cattle practice are mastitis therapeu-
tics, obstetrical interventions, on-farm surgery and therapeutic
protocols for improving fertility, protocols for castration, dis-
budding and de-horning. The treatments and the outcomes
derived from practice records should be compared with those
available from the best evidence, according to the published
literature. Analysis may present trends or just provide informa-
tion for comparison. Statistical analysis may be appropriate but
is not essential. The process should be constructive, blame-free
and support self-directed learning. Drawbacks include: lack
of time; cost; lack of expertise in audit design and analysis;
disagreements between practice members; and the high level of
participation required.

Why is it important?

It is important to be able to assure clients and peers that the
expertise and service offered is safe, effective and efficient. A
clinical audit is a process to assess, evaluate and improve patient
care and client services. The process identifies deficiencies and
monitors the outcome of any changes made to address those
deficiencies. It enables the identification and implementation of
current best practice. It can improve practice efficiency, admin-
istration, communication and effectiveness and reduce clinical
errors (lower the risk of liability) and foster practice change.

Clinical audits and EBVM

Clinical audit must always be evidence-based to ensure that clin-
ical practice and decisions to change it are based upon the best
possible evidence of effectiveness. Clinical audits can be used to
compare current practice with the best available evidence. They
provide a methodology to assess whether the best evidence is
being applied within the practice.

Process and outcome clinical audits

There are two types of audit: a process audit and an outcome
audit. Both may be addressed in the same investigation. Pro-
cesses are what you do - for example, a treatment you use for
a condition (e.g. antibiotic selection for mastitis), or a surgical
procedure that you use (e.g. caesarean section). Outcomes are
what happens to the patient following the process - for example,
mortality or recovery. With outcome audits, there can be many
confounding factors in addition to the process. For example,
a poor outcome may result, even after exemplary patient
care, because of the patient’s underlying health conditions or
poor owner compliance with medication. When evaluating
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outcomes, it is important to remember that the illness itself,
the diagnostics tests, the potential treatments, and patient or
farmer compliance all play a role in the clinical outcome. A
meaningful outcome audit requires a large number of cases and
consideration of all the possible confounding factors. However,
it can provide an early warning system that the treatment may
be sub-optimal. Mortality rates and poor manual pregnancy
accuracy are good examples.

Statistics and clinical audits

The big debate is whether statistical analysis should be applied to
clinical audits or whether we are just ‘eyeballing’ trends? When
we are measuring a process audit, formal statistical analysis is
unnecessary as we are measuring the number of times some-
thing is performed. When we are measuring outcomes, statistical
analysis give us an indication as to whether our results could be a
random event, or whether the results do differ significantly from
an accepted or target standard.

One of the problems is if we accept the rigorous standard of sci-
entific research of 95% confidence intervals (a one in 20 chance
that the result may be incorrect), we will have to collect a lot of
information to make our study powerful enough to demonstrate
a statistical difference if one exists. A compromise is to accept a
lower standard such as 75% or 60% to indicate if our result might
be different than an accepted standard. Most of our results for
outcomes will be in the form of a fraction (often termed a pro-
portion). Table 4.1 below illustrates the impact of changing the
confidence interval when we have a proportion as a result. Bold
text indicates a significant difference (i.e. the confidence inter-
vals do not overlap) when the standard is compared to the result.

A Simple guide to performing clinical audits
Questions to consider (SPVS workshop 2005)

o Who are the stakeholders?

« How can we get the stakeholders on board?
o What resources will be needed?

o How will they be met?

Table 4.1 Confidence intervals and population size.

Standard Proportion Confidence intervals

% 95% 75% 60%
100/1000 10 8-13 9-12 9-11
Result
2/10 20 3-55 6-43 8-38
10/50 20 13-28 13-28 15-26
20/100 20 13-29 15-26 16-24
20/1000 20 18-23 19-22 19-21

o What will we audit?

o Who should we involve?

« How should we involve them?

o Where and how do we establish the evidence for best practice?
« What criteria will we use?

« How will we establish the appropriate standards?
« Can those standards be compared externally?

o What to measure?

« How will we measure the variable (criteria)?

o Who will measure the variable (criteria)?

o How and where do we get out data from?

o How will we report our results?

o How should the data be analysed?

o How do we decide if the results are significant?

o How do we judge the success of the audit?

« How can we modify behaviour/clinical practices?
« How often should the audit cycle be repeated?

o Should the results be made public?

Step 1: Deciding what to audit (Modified from Cain &
Paula, 2005)

Identifying problems and choosing a topic
Choose a subject that you consider to be important or
significant.

Ways of spotting audit topics  Examples

Important clinical events Dystocia

‘Significant events’ Deaths following caesarean
section

Farmers complaints The vet is always late

Observation No system to avoid stocking
of out of date drugs

Observations of staff Client phone calls not
recorded

Use of resources Would another ultrasound

machine be useful

Step 2: Setting criteria and standards

Criteria

An audit criterion is the variable that is being measured - for
example, expiry date of drugs in our veterinarian’s vehicles.

Setting standards

An audit standard is a minimum level of acceptable performance
for that criterion - for example, 100% of drugs the drugs in our
veterinarians vehicles should be in date.
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Step 3: Collecting data and making measurements

The collection of accurate data and qualitative information is
crucial to ensure that any conclusions are valid. Information may
be available from computer databases, medical records, ques-
tionnaires of farmers, staff and veterinarians. Data collection
sheets may have to be devised.

Step 4: Compare results with evidence-based standards
For example:

Criteria Evidence-based Results
standards

All practice phone calls should ~ Minimum 70%  45%

be answered within 30 seconds

Veterinarians should be less Minimum 95%  90%

than one hour late

All dairy farms to receive a Minimum 100% 80%

monthly fertility report

Before you start planning changes, you need to work out
possible reasons why the practice has not met the standard you
have set.

Step 5: Implementing change

Introducing change is necessary when the audit results indi-
cate that the processes or outcomes do not meet the standard
and actions to remedy identified deficiencies. It is impor-
tant to emphasise what has been achieved and what is being
done well, in addition to what needs to change to correct the
deficits.

Changes must be practical

How are you actually going to make the changes? Simply say-
ing “We’ve got to do better’ will not result in change. You need
to think through in detail: what needs to be done? Who is going
to do it? When will the change begin? How is the impact going
to be monitored?

Keep a written audit record
Keep brief written records of the audit, which should include:
the reason for doing the audit; the criteria and standards used;
the results; the plans for change; the action taken; and when and
whether to repeat the audit.

Step 6: Repeating the cycle
Re-evaluate carefully to ensure that any remedial action has been
effective.

General comments

Audits may be seen as a threat, as an unpleasant, time-consuming
distraction from day-to-day practice. They can antagonise staft if
introduced in an insensitive way, and may give the impression of
implied criticism. Audits must assist staff and must be effective
at improving animal care and services to farmers. They should
not be perceived as a menace or a means of discipline. They
must have a clear purpose and must be completed. They should
respect the individual skills of staff and create an atmosphere in
which mistakes can be admitted without blame.
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CHAPTER 5

Practice-Based Clinical Research

Mark A. Holmes

Learning objectives

o Be able to identify the qualities of a good research question.

 Understand how the number of subjects needed for a study
can be calculated.

o Understand the importance of good case definition in clinical
research.

« Understand the characteristics of a good outcome measure in
clinical research.

 Understand the study design features that reduce the potential
for bias and confounders.

o Appreciate the reason for statistical analysis.

 Understand the structure of a scientific publication and the
publishing process.

« Be aware of the REFLECT statement and other publishing
guidelines.

 Be aware of the GCP guidelines

Introduction

The development of evidence-based veterinary medicine and
its widespread adoption has highlighted the value and impor-
tance of good clinical research. Much of the published research
is based on cattle populations that are readily accessible to
researchers working in universities or research institutes. These
animals may not represent the animals that we see in general
cattle practice, and husbandry practices may vary considerably
from country to country. Clearly, we need the results from
clinical research to improve veterinary practice; all veterinary
graduates have most of the skills and knowledge needed to
undertake clinical research; and the best populations to study
are those seen in general practice.

The conclusion is obvious: practice-based clinical research
is potentially a colossal resource for the veterinary profession.

Practitioners have produced some of the best veterinary clinical
research, and these individuals have found clinical research
to be a rewarding and fulfilling extension of their clinical
work. Although practice-based clinical research can involve a
tremendous amount of additional work, and may be frustrating
when events outside one’s control make it difficult to complete a
study, it generates the best evidence for subsequent application
to cattle practice.

The key to successful clinical research is meticulous prepara-
tion and detailed planning. The biggest mistake we can make is
to rush into recruiting subjects and collecting data without hav-
ing addressed fully the design of the study.

The phases of clinical research are summarised in Figure 5.1.
We start with an initial idea, design the study, implement the
study and then communicate the results.

The research question and study hypothesis

While the success of a study is largely dependent on hard work
and attention to detail in the design phase, starting with a good
research question is the essential first step. The translation of an
idea, or an interest about a clinical phenomenon, into a research
question or a testable hypothesis may present a challenge. Good
research asks simple, focused questions. It is better to obtain
the answer to a single question concerning a clinical problem,
rather than to try to investigate every aspect of a disease in a
single study. The research question should also be clinically rel-
evant. The relevance can be assessed by asking, ‘would knowing
the answer to the question affect our clinical decision making
in similar cases?” A checklist covering the characteristics of a
good research question can be considered using the mnemonic
FINER (see Table 5.1).

After deciding on a research question, we need to turn this
into the study hypothesis. This is the first critical design step. If
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Establish a research question

!

Formulate a testable hypothesis

!

Decide on a study design

!

Determine measurements to be taken

!

Undertake a sample size calculation

. i

Is the study feasible?

l yes

Write the study proposal

!

Apply for funding if required

Write the full study protocol
and operational documents

|

Recruit subjects

!

Perform the study
Collect data

Analyse data

!

Interpret data

!

Publish findings

Initial research idea

Considerable iteration may be required to reach
a suitable hypothesis for the study.

Early study design phase

The final step in this phase is to establish that the
proposed study is feasible. This may require
modifications to the study design, or may need a
rethink of the study question.

It may be worth considering a pilot phase to the

study to obtain data for the sample size calcula-
tion and to establish the feasibility.

Formal study design phase

Practice-based clinical research may often be
performed with little extra financial cost and
may not require external funding. It is still a
useful exercise to create a document describing
the study protocols and the justification of the
proposed research.

Study implementation phase

During the implementation phase it may be

necessary to modify the study protocol. Any
changes to the protocol should be recorded
together with the reasons for doing so.

Communication phase

There is little value in performing research but
then failing to publish the results. Remember-
negative findings can be of great value and
should not be a bar to publication.

Figure 5.1 A schematic representation of the tasks involved in clinical research studies.
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There may be a balance between a more feasible narrowly focused question, which may be of less interest to the wider community, and a

It is important to remember that any clinical study will have at least one novel feature: it will be studying a different population. One of the

weaknesses of veterinary clinical research is the lack of replication of clinical studies, particularly using populations of cattle relevant to general
practice. No single study can be expected to find a generally applicable result. Never be afraid to repeat a previously published study. It is both
interesting and valuable to attempt to confirm the results of prior published work, and it is an excellent way for inexperienced researchers to

It is essential to consider ethical and legal issues. Practice-based researchers may have limited access to institutional ethical committees, but it

is worth approaching a local university for help. It is also important to give serious consideration about how to ensure that clients are giving
informed consent. Simply signing a consent form is not good enough. Investigators need to ensure that owners/stockmen understand the

Feasibility Can enough cases be recruited within the planned duration of the study?

Is it technically feasible?

What are the costs (time or money)?
Interest

broader more substantial question that may be more difficult to answer.
Novelty

start, as much of the design can be obtained from published studies.
Ethics

issues and have sufficient opportunity to discuss matters of concern.
Relevance

One way to consider the relevance of a clinical study is to consider how the results of the study can be used. Will knowing the answer make a

difference? You may be trying to provide evidence that one particular treatment or diagnostic option is better than another — the results will
clearly be relevant. However, even when the study is more narrowly focused, or esoteric, the results may well inform future research by
providing data that improves a case definition, determines variation in clinical signs, or provides data from which sample-size calculations can

be performed for future studies.

the question was Ts the use of a teat sealant better than dry cow
therapy?’ then, in order to formulate the hypothesis, we need to
start thinking about the outcome measure that we might use.
Should we look at somatic cell counts or incidence of mastitis?
Should we look for effects over the whole lactation, or just in
the immediate post-partum period? We need a single outcome
measure to form the main study hypothesis. This should be fea-
sible to measure and relevant to the clinical scenario that we see
in practice.

If our study was focusing on a particular type of mastitis diag-
nosed by the detection of a pathogen, we might look for that
pathogen before and after treatment. In this case, our hypothesis
might be: “That the rate of detection of the pathogen is different
in cows receiving teat sealant than those receiving dry cow ther-
apy’. As we progress with the design, we will tightly specify each
element in the hypothesis (i.e. the patients, the treatments, the
timings and the outcome measures). Once we have a main study
hypothesis, we can move on to the design phase.

Study design
The following paragraphs describe some key design issues.

How many patients will be needed?

An important question that needs to be answered is, ‘How many
subjects do we need?’ The easiest way to answer this question is
to consult someone with the appropriate statistical knowledge.
In order to be able to estimate the number of subjects needed

(whether we do it ourselves or ask the statistician), we need three

pieces of information:

1 The hypothesis.

2 An estimate of the variability of the outcome measure (e.g.
the expected standard deviation or variance of temperatures
in healthy cows if temperature was being used as the outcome
measure).

3 The smallest difference that if it existed we would want to be
able to detect (sometimes called the effect size).

The last of these pieces of information depends on your judg-
ment of clinical usefulness. If we were looking at the efficacy of
two treatments using pathogen isolation, we would be expecting
a difference in the proportion between the two groups. I might
have personal experience of recurrence of infection in about 10%
of cases that I treat, and may arbitrarily decide that a treatment
that reduced this rate to 8% or less would be worth using. The
smaller the difference between the two groups that I want to
be able to detect, then the greater the number of subjects I am
going to need. Similarly, if the amount of natural variation in the
outcome measure is large, then this will increase the number of
subjects needed.

What is the case definition?

This is an early design consideration, and is a major considera-
tion on the feasibility of the study. Are we sure that animals we
diagnose as having the disease really do have the disease and,
similarly, are we sure that any animals in the study described as
free of the disease are not falsely negative? What we are trying
to achieve is objectivity and reproducibility (i.e. if someone else
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tried to repeat our study, would their ‘cases’ be a good represen-
tation of our ‘cases’?)

Try to think about the ‘grey’ areas. Most studies rely on a
number of inclusion and exclusion criteria to ensure accurate
diagnosis and to avoid potential confounders (e.g. concurrent
diseases). In veterinary practice-based research, the case def-
inition will often be a compromise between the confidence
one has is in the diagnosis and the ‘real world situation’. Few
practitioners have the luxury of always being able to diagnose
definitively the cause of respiratory disease in calves, so a case
definition based on clinical signs may be relevant to clinical
practice, even if it introduces a level of subjectivity.

Avoiding bias?

It is impossible to avoid letting our own thoughts or beliefs influ-
ence our decisions when we are interested in the outcome; either
consciously or unconsciously, we introduce bias. We can only
avoid this by making it as difficult as possible for us (or oth-
ers) to affect the outcome being measured. This can be achieved
through randomisation and blinding. When patients are ran-
domly assigned to treatment groups, we will avoid the temp-
tation of assigning mild disease or early disease to a particular
treatment. If we do not know which treatment was given to a
patient, then it will not influence our assessments during the
post-treatment examination. Ideally, the blinding should con-
tinue throughout the study, with the identification of the groups
only being revealed after the statistical analysis has been per-
formed.

What analysis is going to be performed?
One area where practitioners are unlikely to be confident in their
knowledge is the statistical analysis of research results. Obtain-
ing statistical advice at an early stage, in order to make some
initial decisions about what statistical model or tests are going to
be used, is highly advisable. This is closely related to the ‘number
of subjects needed’ calculation. It may save considerable effort,
and avoid potential problems, to consider these things at the
design stage rather than discover that the study cannot be pub-
lished when reviewers point out some obvious statistical failure.
If the study hypothesis is that there is a difference between two
groups, and the nature of that difference is that of proportion
(e.g. proportion of patients with a clinical sign) or of magnitude
(e.g. average weight gain of the groups), then there is unlikely
to be much difficulty. Complications arise when collecting
many different measurements and performing multiple tests.
While it is often appropriate to collect additional data to answer
secondary questions, good research concentrates on a simple,
focused primary question. To make best use of a statistician, it
helps to have a well-formed study hypothesis and to be able to
provide some sample data. Sample data may be available from
existing clinical records, or it may be worthwhile undertaking a
pilot study to generate some.

Implementing the study

This should be the most straightforward part of the study, and
is often the happiest phase. At first we are carried along by our
initial enthusiasm, but this momentum will be rapidly lost if we
encounter too many problems that were not anticipated in the
design phase. For inexperienced clinical researchers, it may well
be worth using the first few cases in a pilot study. This enables
procedures to be practised and processes to be tested and refined,
and this data may also be of value for a final sample size calcula-
tion (as mentioned above).

A frequent observation by clinical researchers is that, once
recruitment starts, the number of cases of the disease is less
than expected. When considering the feasibility of a study,
case recruitment is an important issue. From the outset, it may
be worth considering the possibility of recruiting cases from
colleagues. You should also base your study duration on a low
estimate of the case frequency - there will always be withdrawals
or exclusions that affect the number of subjects that can be used
in the study. Once again, thorough preparation will reduce the
likelihood of major problems in the implementation phase.

Good record-keeping and systematic storage of data greatly
simplifies the analysis of results and the writing up of the study.
Make sure that backup copies of computer files are made and that
original paper documents are filed, so that they can be retrieved
if needed. It is also worth remembering that it is far easier to
collect data from farmers or stockmen while we are on the farm
than to try and obtain it weeks or months later. Have any forms
or questionnaires ready and, if necessary, provide any guidance
or help that may be needed to fill them in.

Publishing the results of the study

Clinical research is of little value if its results fail to reach those
individuals who can best apply those results in their own work.
A research project is not complete until the study is written up
and published as a paper in a peer-reviewed scientific journal.

Although publication of a journal paper is our aim, there may
be value in presenting results at a conference (as a short talk or
in poster form) in order to share the knowledge that has been
gained. Feedback from conference participants can provide
useful guidance about potential flaws in the study that can be
addressed in the full publication. Writing up the paper that
describes the study can be a daunting task for the inexperienced
clinical researcher, but following the style and formats of exist-
ing papers describing the results from similar studies is strongly
recommended. The conventional paper format is summarised
in Table 5.2.

Writing should start with the materials and methods section.
Sufficient detail should be included to enable a suitably qualified



Table 5.2 Components of a paper.

Should include the affiliations of the
authors (normally their place of work)

Title and authors

Abstract Summary of the paper (may be structured)

Introduction Relevant knowledge that preceded the
current study. Should normally explain why

the question is worth answering.

Materials and methods A complete description of what was done
and how it was done. This must contain

sufficient detail to enable the study to be

reproduced.

Results The raw results of the study without any
interpretation.

Discussion Interpreting the results of the study and
placing them in the context of our current
understanding.

References Citations are required for any material fact

or statement used in the paper for which
evidence is not provided by the results of
the study.

Declaration of interests This is required by most clinical journals to
indicate sources of financial interest, or
other motivation that might not otherwise

be evident.

colleague to repeat the study almost identically to your study,
using this section for guidance. If you have used diagnostic tests
or drugs, you will need to indicate their source (product name
and manufacturer). If you have used a method described in
another paper, you must provide a citation to that paper.

The next section to write is the results section. As far as pos-
sible, a simple description of all the data generated by the study
should be included. When numbers of subjects are small, this
may include all the data from each subject. When numbers are
larger, we may need to summarise the results as averages, with
ranges and indications of the variance. It may help to illustrate
typical manifestations of individual results, using pictures (e.g.
examples of the three types of foot lesion that are included in
the data). It is important that the results section should include
only the results, and not any interpretation of their meaning or
significance.

The discussion section provides the opportunity to put the
results into context. What do these results mean, and how
should they be applied? It is also important to reflect on the
study’s strengths and weaknesses. It is important help readers
work out how applicable the results are to their own practice. It
is generally a good idea to anticipate how a sceptical reviewer
may comment, and try to address any potential criticisms from
the outset.

Before submitting the paper to a journal, check the sub-
mission instructions carefully and adhere to them. Following
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submission, the journal editor will assign the paper to two
(or more) suitably qualified or experienced experts for their
comments. The peer-review process can be a disheartening
experience both for the newcomer and the experienced author
alike. While most of us will happily acknowledge the need for
expert scrutiny of scientific papers, it is nonetheless frustrating
when one reviewer seems quite happy with your paper while
the other seems to find offence in every sentence. The editor
should function as a moderator and act upon important flaws
in methodology, analysis and interpretation. Such flaws may
well lead to rejection. Less important problems, such as failing
to include consideration of other important work in the area, or
even just differences in opinion, can often be dealt with by some
re-writing.

The REFLECT Statement and other reporting
guidelines

REFLECT stands for Reporting guidElines For randomised con-
troLled trials for livEstoCk and food safeTy and is an extension
of the CONSORT guidelines used in human clinical trial report-
ing (O’Connor et al., 2010). It is a checklist of items that should
be included in the reporting of clinical trials involving animal
production, health, and food safety outcomes. The aim of the
REFLECT statement is to help authors improve the reporting
of livestock trials. Copies of the statement were published in a
number of veterinary journals in 2010, and it can be found at
www.reflect-statement.org. Although these guidelines are pri-
marily intended to improve the quality of the reporting of clin-
ical trials, they also provide excellent guidance on the best way
to design studies and the data that should be collected.

There are a number of other reporting guidelines of relevance
to different types of clinical studies. An updated list of these can
be found at www.equator-network.org.

VICH Good clinical practice (GCP)

Good clinical practice is the framework upon which stan-
dards in clinical research used in drug registration of human
pharmaceuticals is based. An equivalent veterinary framework
has been incorporated into European and North American
veterinary pharmaceutical regulations, called the ‘International
Cooperation on Harmonisation of Technical Requirements for
Registration of Veterinary Medicinal Products’ (VICH). VICH
is an international program of co-operation between regulatory
authorities and the animal health industries of the European
Union, Japan and the United States of America that aims to
harmonise technical requirements for veterinary medicinal
products registration. Australia and New Zealand participate
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as active observers. An awareness of these guidelines may be
of importance if the clinical research being undertaken forms
part of the registration of veterinary pharmaceutical products.
Relevant documents may be obtained from the VICH website
(www.vichsec.org).

Conclusion

Increasing the quantity and quality of practice-based clinical
research has enormous potential to improve veterinary practice.
It expands the horizons of those who undertake such research,
and it provides evidence for what may be the best intervention
for the users of the research.
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CHAPTER 6

Expert Withess

Paul Roger

Learning objectives

« To appreciate the role of the expert witness

o To understand the different types of evidence

o To understand what is expected of the expert witness

 To understand how to structure a report

o To appreciate the importance of the statements of truth

o To understand what Independence means

« To understand the importance of establishing and referencing
evidence

« To appreciate the importance of changes in the law

Introduction

The invitation to act as an expert witness is not one to be taken
lightly. No training course creates this status because, although
one may be singularly well qualified and recognised as a special-
ist backed by years of clinical experience, the only arbiter able
to grant expert status is the court before which one appears. The
further qualifications held may help to establish expertise, but
may not be viewed in the same manner to which peer review
would lead us to expect.

This role may be filled by people from a variety of back-
grounds, depending on the exact task with which the lawyers
perceive they need help. The expert witness is needed to help to
explain technical difficulties to the court. The role is to explain,
impartially, the facts as they are presented to the court, and to
aid the court in understanding technicalities which necessitate
expert knowledge. The provision of this witness is complicated
further by the complex rules governing evidence, and by the type
of case (civil or criminal) in which the involvement is needed.

In the UK, criminal cases are adversarial, so it is of critical
importance that the expert is not seen to be partisan. Often,

after experts have reviewed the evidence and produced reports,
face-to-face meetings may help to resolve issues prior to trial,
which can simplify and expedite the trial process by focusing
only on those areas of continuing disagreement. In civil pro-
cedures, a single joint expert may be used, although each side
may retain expert advisors separately. The role of the single
joint expert is to produce a report and to answer all questions
posed by the court. Experts in both of these situations may find
themselves open to examination in court. Where the role is that
of adversarial conflict, then examination and cross-examination
may be a testing experience.

Types of evidence offered

There are three types of witness which one can be asked to give

in court in criminal cases:

1 Asa member of the public such as a witness to a car crash.

2 As a professional witness who has attended the scene where
the alleged offence has been made or occurred and where the
primary role is to gather evidence and report factually on the
findings of that evidence.

3 As an expert where a review of the evidence is allowed to
explain technical evidence in understandable terms and to
offer opinion.

These areas may sometimes overlap, and veterinary surgeons
are frequently called as professional witnesses and then asked to
convert their evidence into that of an expert by offering opinion.
This is dangerous territory, as it is unlikely that the opinion of the
professional will seek to undermine his/her own interpretation
of his/her findings, and it introduces an unnecessary bias into
the evidence before the court. This creates potential problems
for the court, as the evidence may be given undue weight by this
corroborative construct.
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What is expected of the expert witness?

First of all, a familiarity and knowledge of the area(s) of technical
difficulty involved. This can be evidenced by employment, CPD,
further qualifications and recognition, and through publication
and delivery of education or information to peer groups (such
as specialist species societies or special interest groups). It is an
absolute prerequisite and, if this level of expertise does not fall in
your remit, then the invitation should be politely declined. Sec-
ondly, the expert should have an ability to analyse complex data
and also have time to concentrate on the preparation and deliv-
ery of a report for those instructing in the case to consider. The
lay-out and format of the report needs to be closely structured,
and additional information may be added as addenda, rather
than kept in the body of the report.

Thirdly, time and patience to deal with other experts
instructed, where meetings of experts are deemed advantageous
to reducing the time and concentration of the case towards
those areas where agreement is not possible. The provision of an
evidence base is critical to the production of a balanced report
but, frustratingly, this can sometimes be ignored by the judiciary
(particularly in welfare offences, where the offences are appar-
ently seen as minor and the strict application of the law may not
seem to be the driving force in the continuation of a case).

Where statistical analysis is used, if the expert is not completely
at home with the application and understanding of the limita-
tions of particular systems, then this should be stated, so that no
misleading or slanted evidence is put before the court. The sim-
ple basis for any technical terms or methods used needs to be
explained clearly and without obfuscation in order to demon-
strate how the court can use the information to come to a clear
decision by applying the law to the evidence.

Structuring a report

The report should be clearly titled and should be set out under
particular headings germane to the case; an example is given in
Figure 6.1.

The pertinent points to consider are:

1 Who is the report for?

2 Who has issued instruction for the creation and delivery of
the report?

3 Can the case be summarised?

4 Can the opinion be simply and concisely stated?

The provision of a Curriculum Vitae is useful, as well as a sum-
mary statement indicating why one is a suitable person to be
considered by the court and to be granted expert status.

Immunity from prosecution for misleading clients, or for poor
performance, is not part of the present protection offered by
the courts to those offering expert witness, so further insurance
may be necessary specifically for professional indemnity in
this area.

Both the Royal College of Veterinary Surgeons and the British
Veterinary Association publish guidelines for those acting as
witnesses in legal cases, and these can be accessed through
their respective websites. These sites provide convenient and
well-summarised advice for those unfamiliar with court pro-
cedures and requirements. These guidelines are useful, as
instructions may be received from a variety of sources, and
the veterinary surgeon supplying an expert witness report
must understand the duty of impartiality to the court, despite
being retained by one of the two (or more) sides in the case.
This can be particularly difficult where witnesses stray beyond
the boundaries of their instruction, and where witnesses of
fact are asked to provide opinion. It is difficult to see how a
witness of fact can offer unbiased opinion in any case, as they
would not wish to undermine their evidence which may have
been the driving force behind lodging the allegations faced
in court.

Statements of truth
Depending on the system, a statement of truth is an integral

part of a report and affirms that, although the content may have
been discussed with those instructing the expert, the report

Report format

o Title page explaining which case, by who instructed and the author’s details
Index page giving all sections titles and page numbers

It is useful to provide an executive summary at the front of the report
Following the conclusion, a statement of truth should be included

them

A statement of qualification explaining why the court may consider you as an expert in the area concerned
Detailed breakdown of the case and evidence and analysis of this under suitable headings
It is always useful to create a full chronology for the evidence and the particular facts of each case

Other considerations should include double spacing of lines to allow notes to be made

Consignment of a full print of the final report signed on each page by the author

Ensure all documents and evidence on which you have relied to produce the report have been disclosed and are available at court if necessary

Fully reference any assertions you make where possible and have those references available for the court should there be any wish by the court to view

Figure 6.1 Format of the report.
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Statements of truth

craft their own or use a standard approach.
Carefully read the statement you are signing.
Examples of the type of wording used are shown below:

court to decide this case on the evidence and apply the law.

21

inadequate.

without forming my own opinion of the matter.

to its veracity.

before completing any report in this jurisdiction.

All reports prepared for the courts should conclude with a statement of truth. There is a wealth of guidance on the wording of these and the individual may

1 I 'understand that my primary duty in producing this report is to the Court and to explain technical evidence in a comprehensible manner, to enable the

This statement is true to the very best of my knowledge information and belief. | make it knowing that, if it is tendered in evidence, | shall be liable to
prosecution if I have wilfully stated in it anything which, | know to be false or do not believe to be true.

Or
) I understand that my overriding duty is to the Court, both in preparation of reports and the giving of oral evidence.
2) | have provided in my report what | understand from the instructions to be the questions in respect of which my opinion is required.
3) I have done my best to ensure that my report is as complete as | can make it from the information with which | have been presented.
4) | have drawn the attention of the Court to all matters of which | am aware that might adversely affect my opinion of where the information is

5) I have neither included nor excluded from the report anything which has been suggested to me by anyone, including those who have instructed me,

6) Where there is a range of opinion, | have indicated the extent of the range within my report.

7) At the time of writing this report, | consider it to be as complete and accurate as | can make it on the information made available to me. | will notify
the Court if, for any reason, | subsequently consider that the report needs correction or qualification.

8) | understand that this report will be evidence that | will give under oath, subject to any correction or quantification, which | may make before swearing

9) I believe that the facts which | state in this report are true, and that the opinions | have expressed are correct.
The final arbiter of the type of statement of truth may be found under guidance from those instructing you or from links through one of the specialist
societies. Membership of these would be advised. Rules for civil court procedure include practice directions for expert witnesses and should be consulted

Figure 6.2 Statements of truth.

bears the expert’s analysis and opinion as the expert’s own and
has been written by the expert in the expert’s own words. It
would be an abuse of process if the expert were simply to agree
with a statement prepared for them by others and to sign as
representing their own opinion. Examples of statements of truth
are given in Figure 6.2.

Clarity of instruction

It is useful to ensure that clear, simple, written instructions are
supplied and included in the referenced material upon which
the report is based. It can help to clarify issues if instructions
include specific questions that define key arguments in the case
and which may help to simplify the issues before the court.

Meetings of experts can save court time and cost, as well
as lessening the undoubtedly stressful experience that a court
appearance can bring, by effectively reducing the issues for the
court to consider.

Meetings of experts should include a clear note of the agenda
for the meeting so that both sides are clear concerning the items
that will be discussed. Any summary or joint statement should
be issued and signed before the meeting adjourns. These meet-
ings are not privileged, so may be referred to in court or during
the trial.

Independence

The expert witness needs to be able to establish his/her inde-
pendence and to establish his/her credentials to the court. In
occasional cases, there may be a challenge to the claimed qual-
ifications presented to the court and documentary evidence of
qualifications may be necessary. It is usual that there is notice
given if this type of challenge is to be mounted but, occasionally,
it is necessary where claims of expertise cannot be matched to
particular claims for qualifications or recognition of those qual-
ifications.

Independence may be demonstrated by the expert through the
engagement by both prosecution and defence teams over a port-
folio of different cases and, equally, by the demonstration of pro-
fessional expertise in a particular species or area or discipline
where this reflects a majority interest in the life of the expert. The
expert’s continuing and current involvement in the clinical con-
cerns before the court is also a part of the process for establishing
the level of credibility afforded to the witness.

Establishing and referencing evidence

When preparing a report, it is a useful discipline to reference fac-
tual statements, where possible, and to support opinion, where
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possible, by reference to the literature. The full reference should
be supplied in an appendix to the report so that the court can, if
it chooses, inspect and read the relevant sections. This will help
to avoid accusations of misinterpretation or bias. It can be frus-
trating where the tribunal instructs the witness to state his/her
own opinion if the referenced material is ignored, and the expert
has a duty to explain to the court that, without this level of cor-
roboration, the value of any opinion must be questioned. There
are times when the evidential base may be limited and, where
this occurs, the expert should acknowledge the limitations put
on his/her opinion. Therefore, keep the text as simple as pos-
sible, but make sure that it is properly referenced and that the
appendices are thoroughly indexed.

Responding to a disclosed report

When responding to a report, it is sensible to avoid entering
a slanging match with professional colleagues who may be
appearing for other parties involved in the case. It is expected
that clinicians offering their services in this area will have a
good knowledge of the areas that the case covers. This can be
explored by the court when the witness is called. Questioning
the expertise or integrity of the other experts appearing before
the court is unlikely to gain any favour or weight with the court.

The evidential statements can be compared and differences
highlighted. The court may, on occasion, appoint a single joint
expert, or ask that a combined expert report is submitted.
Where this happens, all parties need to have a clear vision of
their evidence and must be prepared to defend their position
to demonstrate the areas of disagreement to the court. Joint
statements are usually formulated at meetings of experts, so a
full agenda and timescale for the production of the statement
is needed (and preferably will have been agreed and set by the
court).

Appearance in court

The role of the expert in the trial process usually culminates in
an appearance at court for the duration of the trial. It may be
that the expert is required only to attend to give their evidence,
but often the expert is needed by the legal representatives to help
them work through the technicalities of the case. Trial work can
be irksome, as it is subject to the vagaries of the system, which
has a high pressure to deal rapidly and effectively with cases. In
the magistrates’ court, delays often occur, but they seem to be the
norm in the higher courts, as cases are listed for part hearings or
reports or sentencing, and are prioritised in front of other cases.
This can lead to large amounts of ‘dead time’ for expert witnesses.

When called to give evidence, the witness will be asked to
affirm or give an oath regarding the truthfulness of the evidence
to be given, and the usher will ask for an indication of which
the expert would rather take. The witness should realise that the
court sits in order for the bench to adjudicate on the substance
of the case, and he/she should not make any comment on the
application of the law, although it may be permissible to explain
how the veterinary science base affects the wording involved on
the case description (in a criminal case, this would refer to the
article(s) under which allegations have been made or charges
lodged; in civil cases, it depends on the case alleged).

The questions are put by the advocates to the witness on behalf
of the court, and the side instructing you will introduce your evi-
dence and establish your report, which may not be dealt with
fully if it has been lodged in the bundle for the court to con-
sider. The other parties have a chance to cross-examine, and the
bench can then ask for clarification of any further points after
your instructing team has had a chance to redirect your evidence
on any points raised in the cross-examination.

The tribunal may then thank you for your evidence and grant
you release from the court. This means you may leave, but often
the legal team will ask you to remain.

The trial finishes when all the evidence has been heard and
the members of the tribunal retire to consider the evidence
and formulate a verdict. This may be given at a later date if the
trial has been difficult, or it may take place within a reasonable
period (bear in mind that this verdict needs to be given with
consideration of the evidence and to be written, so that it
remains on record). Sentencing then follows the verdict, with
whatever mitigation is pleaded being taken into consideration
(in criminal cases where probation reports are requested, this
may also delay sentencing).

Review

Cases in which veterinary surgeons are likely to be asked to
give expert evidence range widely and may stretch your appre-
ciation of areas within which veterinary competence can be
demonstrated.

One important aspect of appearing as an expert is to reflect
on cases in which the expert has been actively involved. Ethical
perception of the behaviour of the expert requires that reflec-
tion and justification of the case presented is viewed in terms
of the accepted values and mores of society (Mason & McCall
Smith, 2006).

In legal cases, it could be argued that critical review forms
an integral part of the ethical discourse necessary to justify the
expert’s action and to guide the expert in the ethical resolution
of particular challenges they may face.



It is useful to consider these actions by using the asset of
an ethical framework, such as that widely adopted in medical
ethics - that is, the four principles (Beauchamp & Childres,
2001).

These are:

1 The principle of respect for individual autonomy (individuals
are independent moral agents with a right to choose how to
live their own lives).

2 The principle of beneficence (strive to do good where possi-
ble).

3 The principle of non-maleficence (avoid doing harm).

4 The principle of justice (treat all fairly - not necessarily
equally).

This type of framework can be used to put the actions of the
expert into an ethical context and can help to resolve potential
dilemmas that will be met in this field of work.

Changes in the law

Our laws change slowly in response to statute, but can be quickly
influenced by changes in case law (Brooman and Legge (1996),
Radford (2001)). For this reason, it is important to belong to
agencies or associations that can help to keep you informed of
changes as they occur. Although the expert is not expected to
be applying or analysing the law, the expert’s own testimony or
method of delivery may be challenged by case law (which can
change rapidly), even in areas such as the immunity or liability
of the witness when giving evidence. Ignorance of the law is not
a defence that can be mounted.

A number of societies and associations publish regular
newsletters which highlight those areas of change that may be
of interest to their members.

Summary

Wilson (1993) expounds that an expert is one who, by reason of

education or specialised experience, possesses superior knowl-

edge respecting a subject about which persons having no par-

ticular training are incapable of forming an accurate opinion or

deducing correct opinion. This implies certain attributes:

o The expert must know the subject.

o The expert should be calm, confident, cooperative and
courteous.

o The expert should supply a correct answer structure.

o The expert must act honestly.

o The expert may use notes where permitted and should always
examine texts put to them in court.

o The expert must address the jury or tribunal in everyday
terminology.
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o The expert should not serve on cases in which they do not
believe.

o The expert should be able to summarise succinctly.

o The expert should act, speak and dress like an expert.

Rollin (1993) suggests that most people are too busy to
consider the moral issues facing their field, and that most
scientists fail to recognise that they take moral positions in
their day-to-day decisions. In the UK, the RCVS Guide to
Professional Conduct shows both morally and explicitly that
the highest ethical obligations are laid upon all those working
as veterinary surgeons.

Veterinarians, like members of any profession, need to think
deeply about the specific role of their profession and what is
required of it. In this task, they will need not only to consult
amongst themselves, but to be aware of what others are expect-
ing of them and what others are thinking (Legood, 2000, Benson
and Rollin, 2004).

Thus, the commitment to prepare and give expert witness
requires thought and reflection on ethical as well as scientific
and clinical issues, and is a step which should only be taken with
this level of due consideration.

The expert witness may find that the ethical and emotional
pressures placed on him/her by the circumstances of a case
require an approach unlike any experienced in the clinical
setting, and that these pressures can be isolating and disturbing
and challenge professional skills and knowledge to limits outside
their own comfort zones.

It is, however, important that, if there are arguments to be
heard, the scientific and clinical basis of these arguments is
fully understood by the courts. For that end to be attained, the
veterinary expert must continue to be a necessary part of our
judicial process.

References

Beauchamp, T. and Childres, (2001). Principles of biomedical ethics, 5th
Edition). Oxford University Press, Oxford.

Benson, G.J. and Rollin, B.E. (2004). The Well-Being of Farm Animals
(Challenges and Solutions). Blackwell Publishing.

Brooman, S. and Legge, D. (1996). Law relating to Animals. Cavendish
Publishing Ltd.

Legood, G. (2000). Introduction (p.xiv) in Legood, G. (ed.) Veterinary
Ethics - an introduction. Continuum.

Mason, J.K. and Lawrie, G.T. (2006) Mason and McCall Smith’s Law and
Medical Ethics, 7th Edition. Oxford University Press, Oxford.

Radford, M. (2001). Animal Welfare Law in Britain. Oxford University
Press, Oxford.

Rollin, B.E. (1993). Animal welfare, science, and value. Journal of Agri-
cultural and Environmental Ethics 6(Supplement 2), 44-50.

Wilson, J.E (1993). Law and Ethics of the Veterinary Profession. Priority
Press Ltd.



60 Bovine Medicine

Further reading

Webster, John (Ed) (2011) Management and welfare of Farm Ani-
mals — The UFAW Farm Handbook. Wiley-Blackwell.

Further information and useful contacts:

Animal Welfare Science, Ethics and Law Veterinary Association,
www.awselva.org.uk
British Cattle Veterinary Association, www.bcva.eu

British Veterinary Association, www.bva.co.uk

British Veterinary Forensic and Law Association,
www.veterinaryexpertwitnesses.co.uk

European Board of Veterinary Specialties, www.ebvs.org

Royal College of Veterinary Surgeons, www.rcvs.org.uk

Society of Expert Witnesses, www.sew.org.uk
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CHAPTER 7

Practice Management - Developing a Progressive

Veterinary Practice

Peter Orpin

Learning objectives

« Understand the essential requirements to develop a successful
practice.

o Appreciate the rate limiting factors.

« Be able to develop a plan for your practice.

« Be able to develop a the business plan.

o Understand the importance of developing the veterinary
team.

« Appreciate ways of improving efficiency by organising the vet-
erinary team and pharmacy.

 Beaware of the advantages and disadvantages of different pric-
ing models and health contracts.

Introduction

The purpose of this chapter is to provide guidance to those
wishing to develop a progressive veterinary practice, focusing
on improving health outcomes while still retaining a profitable
business.

Farm practice management has particular challenges. The
individual nature of farm veterinarians, combined with lone
working, make it particularly difficult to employ the com-
mon business principles applied within typical office type
environment.

The need, however, to improve the quality of management pro-
cesses within an increasingly complex and competitive market
place, is increasing year on year.

In the last ten years, there have been substantive changes in
agriculture and the veterinary profession (deregulation, consol-
idation, competition, specialisation, increased consumer aware-
ness, etc.) which have created threats and opportunities to farm
practitioners worldwide.

Practices that can seek to identify opportunities amongst these
changes will thrive.

Essential requirements to develop a
successful practice

There are three key steps to developing a progressive farm

practice:

« Define the direction of the business. What is possible? What is
practical? Does the direction meet the needs of the prospective
client base?

o Create a business plan with SMART targets (Specific, Mea-
surable, Achievable, Realistic and Time-related). Where does
the practice see itself in five years’ time?

o Implement practical changes to make it happen. This req-
uires an effective team approach.

Rate-limiting factors - practice size and structure
and livestock density

The ability for the practice to develop may be defined by a
number of rate-limiting factors. These will vary according to
your own circumstances, but would typically include prac-
tice size, stock density, client demands and local competition.
The attitude of the partners can also limit progress. The ethos of
the business must match the current needs of the farmers and
the progressive veterinarian they seek to employ. There has to
be a willingness to change the business to meet the demands of
a changing environment.

In order for a practice to be successful in delivering an effec-
tive preventive medicine-focused practice, the critical mass of
committed veterinarians must exceed three veterinarians. In
order to provide more specialist services demanded by clients,
there must be a sufficient number of veterinarians to provide
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both emergency and pre-planned work. Once the first opinion
practice size falls below this level, it is problematic to provide a
decent out-of-hours rota, attend CPD and provide an effective
service during periods of holiday and absence (Orpin, 2000,
2003). This factor alone may determine the next steps for the
practice. Unless the critical mass of veterinarians is sufficient,
the ability to attract and retain veterinary staff will be limited,
and the long-term viability of the practice may depend on
merger or collaboration for survival.

Livestock density is a key driver for profitability of a practice.
As livestock density decreases, the risk of non-chargeable time
increases due to driving distances. The ability to provide emer-
gency treatment over larger geographic areas is problematic. The
delivery model for practices in these regions depends on longer
pre-planned visits and contract arrangements with the practice
based on production gains, rather than relying on income from
visits to the farm.

Developing a plan for your practice

‘Failing to plan is planning to fail ... the only benefit of not
planning is avoiding the period of worry before you fail.” Winston
Churchill.

With any change process, establishing where you are now and
where the future opportunities may lie is crucial for a business
to identify.

The first steps to developing your farm practice are to under-
take a SWOT analysis of the farm practice. This teases out the
Strengths and Weaknesses of, Opportunities for, and Threats to,
the business. This can be performed on a flipchart within the
practice. An example SWOT analysis for a typical mixed practice
in the UK is illustrated in Figure 7.1.

This effective business technique can help formulate the prior-
ities for the practice and initiate a business planning process, and
can at least provide a framework for strategic decision-making.

Developing the business plan

The SWOT analysis is likely to identify a number of opportuni-
ties and challenges that will need to be resolved for progress to
be achieved (see Figure 7.2).

The opportunities must be ‘sanity’ checked, to ensure that
exploiting the opportunity will be valued by the clients, and be
cost-effective for the practice to provide.

Market testing any new idea and seeking opinions from key far-
mers on future developments is always advisable. The key areas
to develop further will be explored further within this chapter.

Creating the expertise pyramid
The services offered by the practice will depend on the level of
expertise within the practice and the demands of the client base
(see Figure 7.3).

The simplest model is to provide basic clinical services and
local pharmacy supply, which typically cross-subsidises the

Strengths Weaknesses

e Experienced farm veterinarians ¢ No new farm partners

e Good reputation Integrating new veterinarians
o Well established Lack of expertise with new

e Committed clients computer programs
Knowledge gaps

Retention of farm
veterinarians

Opportunities Threats

Improve marketing

Expand health planning/
preventive programs

Join a buying or marketing
group

Consultancy advice

Develop links with consultant
practices/universities

Better training and CPD to regulation

help retain staff Internet pharmacy

Gain new clients due to good e Farm economics
reputation and service Global competition

e More services to larger clients Specialist consultancy farm
Merge with neighbouring practices

practice

Declining client numbers
Reduced livestock farmers
Fewer larger clients
Maintaining at least 3 farm
veterinarians

Increased competition
Deregulation e.g. TB testing
Changes to medicine

Figure 7.1 A SWOT analysis for a typical mixed practice in the UK.

services. However, given the sustained downward pressures on
medicine margins, and consumer pressure to reduce the overall
usage of medicines, this particular model is not sustainable.
There is a compelling need to widen the role of the practice
to facilitate a more comprehensive service to the farmer client
base.

If there is a repeated requirement for a given procedure (e.g.
embryo transfer), then developing in-house expertise and pro-
viding this service directly may be the most efficient and effective
route. However, if the demands are episodic, outsourcing this
work may be more cost-effective

Collaborative working with specialist practices and universi-
ties can usefully expand the services offered to the client base.
Alternatively, expanding paraprofessional and support services
to farmers is an effective way to increase the delivery of health-
care to the farmer and also to improve efliciency of operation
of the practice. In many instances, the service provided to
the farmer is based on the limitations of the in-house skills and
the knowledge/aspirations of the owners. This approach exposes
the business to risk, as the farmers will seek to satisfy their needs
with other providers, and retaining clinicians becomes challeng-
ing within such a limited structure. The focus on developing
new services to expand the business is an essential part of
practice development.
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( Define target clients for development

Gain knowledge

( Organic growth vs New clients

In house training

( Health contract development

Figure 7.2 Mind map of the target opportunities for an example farm practice.

—

Preventive services

Clinical services

Figure 7.3 The expertise pyramid, illustrating what can be provided by the
practice.

Developing the veterinary team - veterinarians,
support staff and paraprofessionals

The successful farm practice will have a well-organised team to
ensure an effective delivery of farm services and medicine sup-
plies to the farmer clients.

Veterinarians are encouraged to focus on providing expertise
to the clients. Any simple task or procedure should be dele-
gated to the support or paraprofessional team. The potential
roles which can be provided by the support team are shown in
Figure 7.4.

In areas of high stock density within larger practices, the devel-
opment of a paraprofessional team is possible. Farmers commit-
ting to higher levels of health monitoring and care will value a
more comprehensive practice service, which would include the
services delivered by a paraprofessional employed by the prac-
tice. In smaller practices, part-time support staff may be used or,
asan alternative, closer relations could be developed between the
practice and independently employed paraprofessionals.

Lack of time is often cited as the reason why busy clinicians fail
to explore opportunities. Closer analysis reveals that reluctance
to delegate and train support staff is the root cause of the prob-
lem. Developing a cohesive practice team, with clearly defined
roles and responsibilities, is the key to success.

Integrating younger veterinarians within the practice team is
a crucial step which many practices find problematic. A ‘buddy’
system, where the senior ‘lead’ vet providing the pre-planned

Target Areas...

65

Opportunity vs Market Potential )

Develop specialist areas |
Improve effeciency |
Expand business links |

Identify blocks to progress )

Support team -
office based

Paraprofessional -
farm based

Staff rotas

Medicine ordering and supply

Stock control ( manual or automatic)
Booking visits, managing the day
Marketing support - newsletters,
organising meetings

Data management - recording
services, report generation

Body condition scoring
Mobility scoring

Foot trimming

Blood testing

Veterinary support - surgical
Data gathering
Paraprofessional tasks
delegated from the veterinary

Lab work and lab report team
management Project and practice research
Invoicing work

Project and practice research work Farmer training

Figure 7.4 Potential roles that office-based support team and farm-based
paraprofessionals could provide for a veterinary practice.

work to the farm has a junior follower’ vet, who is responsible for
the farm during times of absence or holiday, is a useful method of
integrating the younger veterinarians into the higher level work.

Practices that embrace the development of a strong support
team are best placed to expand their businesses, as they are more
likely to implement any opportunities identified.

Improving efficiency - organising the veterinary
team

The primary objective is to ensure that the fee generators are
kept fully occupied, with minimal wasted time during the day.
The veterinary team comprise the largest fixed cost within the
farm practice, and optimising their utilisation will drive the
business forward.

The objective should be to achieve over four hours of charge-
able work per vet per day for a dedicated farm vet. This will only
be achieved with planning and organisation. Increasingly, the
cow contact time will reduce with the advent of technological
and knowledge improvements. The overall fee charged for
veterinary services must, therefore, include time spent by the
veterinarian providing analysis, training and consultancy for
the farmer.

Achieving this goal requires:

o Trained dedicated support staff which have the responsibility
of organising the veterinary diaries.
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o An effective practice management system which clearly
illustrates and organises the work allocation. Many computer-
based systems will effectively manage repeat appointments
automatically.

o A fee system which encourages farmers to pre-book veterinary
work (discounted visits/contract arrangements) and charges
realistically for emergency work.

« Mobile communication systems which link the team together
- smartphones allowing work to be allocated by voice, text
and email.

« Gaining acceptance from the veterinary team that they will
be managed by the support staff and accept centralised
management!

Improving efficiency - the pharmacy

Medicine supply is a key function within a farm animal practice

in most regions of the world, and is often the largest variable cost

for a farm veterinary practice. In some regions, the legal process
has diverted medicine supply from the practice, and medicines
are supplied from independent pharmacies.

In the last ten years, the medicine to fee ratio for typical dairy
farm practices in the United Kingdom has changed from over
2:1tonearer 1 : 1. This has been driven by the advent of internet
pharmacies, larger practices with greater purchasing power, and
an increase in fees to compensate for reduced medicine margins.

The key requirements for delivering an efficient practice phar-
macy are:

o A computerised system for accurate pricing, providing full
traceability and recording of medicines from practice to farm.

o A system for accurately defining the net purchase and sale
price for each medicine. This can be challenging when there
may be a multiplicity of discounts offered by the wholesaler
and supplier. A pricing system based on net margins (rather
than mark-up) for all products is essential.

o A charging system which ensures prompt payment, using
direct debit charging, cash payments, discounts for early
payment and penalties for late payment, is crucial to ensure
that cash flow targets are met.

o A storage area which meets the regulatory requirements and
also facilitates usage of medicines in date order (i.e. the oldest
product is used first to avoid out-of-date stock).

o An efficient stock tracking system to ensure the correct stock
levels at all times and stock nearing out of date is identified in
the pharmacy and vehicles.

« Appropriate refrigeration and temperature management of all

areas within the pharmacy.

Appropriately trained and qualified staff to ensure all legal

requirements are met with dispensing and supply.

o An effective system to ensure that stock supplied on farm is
correctly billed at the time, using dockets or point of sale com-
puters/tablets.

« Monitoring of stock levels and invoices from veterinarians
vehicles to ensure stock is not habitually supplied without an
invoice.

o Correct labelling and instructions (verbal and written) for all
medicines supplied.

The responsibilities are real, rather than nominal, with a sig-
nificant cost attributable to the management of medicines.

Alternative mechanisms of medicine supply involve pre-
ordering of medicines via prescription and centralised dis-
pensing and delivery from an internet or local pharmacy. This
removes the burden of responsibility from the practice.

Veterinary pricing - traditional pricing models
versus health contracts

The pricing of any service is both an art and a science. If the pric-
ing is correct, your services will deliver perceived value to the
client and will not be a barrier for engagement with the practice.
Pricing, however, must generate advantages for both the practice
and the client, for it to be a success. The use of creative pricing
models to encourage the type of work which is more profitable
and efficient for both farmer and practice, such as pre-planned
visits, routine fertility work or visits booked in by 9.30 am, can
substantively help the practice. Equally, ensuring that the fee and
medicine margins are appropriate for the target client base is
essential. If the mission is to attract or retain larger dairy clients,
then the pricing system must be competitive and attractive to
these clients.

Strategic discounts may be offered based on prompt or direct
debit payment, or on greater commitment to purchasing services
or products from the practice. Similarly, providing clear systems
for penalising late payment is good business practice.

The pricing of veterinary work has undergone significant
changes in thelast ten years. There has been a significant increase
in fees, in return for lower margins on medicines, in response
to increased competition for medicine supply.

The shift towards a fee-based model, following a more trans-
parent system, has been welcomed by the sectors which used
the largest amounts of medicines (dairy, intensive beef). The
challenge with increased fees, however, is that they make some
procedures traditionally performed by veterinarians, less
cost-effective and, also, make slower, less experienced veterinar-
ians less attractive to the farmer.

The pricing of veterinary work is largely based on the ‘activity
based ambulatory model’, whereupon an action is priced (e.g.
visit, examination, time or supply of medicine). The more
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Traditional Traditional Health
model based model plus Contract 20%
on 40% monthly fee  margin on
margin on for advice/ medicines
medicines data and pence
management  per litre
charging
Fees (Visits and Time)  £3,000 £3,000 0.4ppl
Medicines £7,000 £6,000" £5,600"
Advice Inclusive £500 0.05ppl
Meetings Inclusive £250 inclusive in Figure 7.5.
Training Inclusive £250 inclusive
Data management/ Not provided £500 0.05ppl
monitoring
Paraprofessional 0.05ppl!
services
Total income £10,000 £10,500 £11,100
Estimated profit
contribution
* "medicine supply may fall due to advice or improved disease control
b **overall use of preventive medicines may increase due to lower overall
cost to farmer

Figure 7.5 Potential pricing model for a 130 cow herd supplying 1 million

litres of milk per annum, based on traditional, traditional plus advice contract,
and full pence per litre health contract.

Summary

activities the farmer purchases, the busier the veterinary practice

becomes. The traditional model favours disease treatments or
activity, but not necessarily health prevention and control.

Alternative models for pricing, based on contractual arrange-
ments between veterinarian and farmer, have developed. These
are inclusive arrangements, based on an agreed level of inputs
for an agreed price or services and medicine margin. The model
can be developed further to include a payment which is linked
to productivity, such as the pence per litre charging system
(Dobbs, 2001). If the total litres of milk sold increases, due
to improvements in the health and productivity of the herd,
the veterinary bill increases in line with this increase. The
opposite equally applies. The different models are illustrated

The traditional pricing model does not accurately reflect the
services provided. Increasingly, more practices are becoming
involved in more comprehensive advice and data management,
and these cannot simply be included as ‘part of the service'.
Greater transparency is required, with an ability to charge for
the ‘health’ or advisory component of veterinary practice.

This can be further developed with the pence per litre pricing
model. Linking fees to the litres of milk sold allows the veteri-
nary practice to share in the success of the farm, as well as to
reduce the overall margin on medicines. The advantages and dis-
advantages of traditional, traditional plus advice contract, and
full pence per litre contract, are shown in Figure 7.6.

The practice organisation and structure is central to provid-
ing a progressive veterinary service within an increasingly

Traditional - high margin
medicines/ lower fees

Traditional
plus advice

Health contract Pence per
litre model

Advantages e familiar

popular with smaller or average farmers

dependent on emergency services

farmers

Disadvantages  ® relies on cross subsidies between and

within farmers

penalises the larger medicine using

lower fees facilitating more work

higher margins on medicines
risk of losing larger key clients
improving health through advice

reduces income for the practice

add on a monthly payment for
advice

useful model for beef breeding
herds and smaller farmers not
wishing to adopt a full contract

no ability to reduce medicine
margins unless fees and monthly
fees are increased to compensate
for reduction

Similar advantages to traditional fee
structure with additional ability to

fixed monthly payment from farmer
practice shares in reward for improved
health

lower medicine margins possible
simplifies budgeting for farmer

vet practice carries the risk that farmer
may not follow advice and become
exposed to increased workload for sam
pay

traditional farmers may fear change ang
refuse to contract to the practice

h

Figure 7.6 The advantages and disadvantages of traditional, traditional plus advice contract and full pence per litre contract.
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competitive environment. Developing a clear plan for the
practice, combined with effective leadership and vision, will
allow the practice to develop and expand. An effective ‘team
approach’ is required, with everyone playing to their strengths.
This will only be achieved with a culture of development
and delegation.
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CHAPTER 8

Veterinary Leadership and Communication Skills

Michelle McArthur and Adele Feakes

Learning objectives

o Appreciate the leadership roles of the bovine practitioner.

« Appreciate why effective communication is important.

« Understand the process of effective communication.

 Appreciate the three components of gathering information:
obtain background information; determine the presenting
problem; and discern the client perspective.

o Appreciate the value of written and supplementary communi-
cation tools.

Leadership and individualised
communication strategies

This chapter will highlight the leadership skills required of the
bovine veterinarian. It will also outline an approach to enhance
communication with farmers using the Calgary-Cambridge
Guides (Kurtz et al., 2003) as a tool. The central tenet of this
chapter is the importance of discerning the farming client’s
perspective and to achieve an individualised approach whether
the consultation is curative, advisory or at industry level. It
focuses on one technique that will help elicit farmers’ perspec-
tives and provide readers with a skill which can be implemented
immediately. Such a focus does not imply that it is the only,
or the most important, clinical communication technique, but
that this particular skill should form part of the practitioner’s
necessary communication skill set.

All bovine veterinarians are leaders

As professionals, veterinarians are seen by the public as experts
in their area - skilled, trained, qualified and leaders. The core
expertise of bovine veterinarians is technical proficiency and
diagnostic/clinical reasoning ability. However, leadership and
management skills are required as adjuncts to diagnostic/clinical

reasoning ability (Kristensen & Enevoldsen 2008; Lloyd et al.
2005; Lloyd & Walsh 2002).

Veterinarians in bovine medicine undertake leadership roles
in a variety of settings, such as:
1 Curative and/or advisory practitioners.
2 Facilitators of regional farm focus groups.
3 Teachers (of farmers or students).
4 Industry or aid organisations.
5 Government or regulatory positions.

In summary, bovine veterinarians assume positions of leader-
ship in all forums of their professional lives.

Bovine veterinarian leadership skills
Bovine veterinarians routinely exemplify leadership skills: they
manage, effect, take control, guide, support, strategise and
motivate others. Taken together, such leadership skills can be
combined as the ‘ability to influence process’ (Wustenberg, 2006)
and, more broadly, the ability to motivate and influence strategy.
The ability to influence process depends on the veterinarian’s
skill in gaining the decision-maker’s trust and then communicat-
ing the technical and scientific content to the client (Wustenberg,
2006). Therefore, in order to influence process, the ability to
build relationships with decision-makers (farming clients), and
develop an effective communication skill set, are vital to success.
The ability to influence process in more formal communication
environments, such as corporate or regulatory activities, is also
fundamental to the profession’ ability to remain relevant.
Lloyd et al. (2005) outlined key leadership skills for veterinar-
ians, including the ability to:
« Develop a clear vision of the future;
« Communicate that vision in a meaningful way;
« Establish trust; and
« Commit oneself'to lifelong personal and professional learning.
Accordingly, developing leadership skills, based on good com-
munication and interpersonal skills, is vital to the success of the
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bovine practitioner. Being effective at the farm level or industry
level is essentially the ability to combine clinical reasoning/
diagnostic skills with a suite of leadership skills underpinned by
skilled communication ability.

Effective communication and bovine
veterinarians

The ability to demonstrate effective communication skills is
recognised as a core skill for veterinary practitioners. This
recognition ranges from the pivotal studies espousing the need
for a greater focus on the development of veterinarian’s com-
munication skills (Pritchard 1989; Cron et al., 2000), both in
practitioners (Mellanby et al.,, 2011) and veterinary students
(Shaw & Thle, 2006), clearly reporting the importance of such
skills in clinical practice. Effective communication is important
across all realms of veterinary medicine and while the setting,
content and emphasis may change, the required skills and the
potential positive sequelae do not.

The studies examining clinical communication and its
effects in veterinary medicine are few, but revealing. Similar
to the expansive literature in wider healthcare communication
research, effective communication skills are related to adherence
(Kanji et al., 2012), veterinarian satisfaction (Shaw et al., 2012)
and client satisfaction (Coe et al., 2008). These are preliminary
studies and involve companion animal patients and their owners
but, nevertheless, they do shed light on important clinical and
service indicators associated with effective communication in
veterinary medicine.

There is scant literature specifically examining the veterinar-
ian’s communication skills in large animal medicine. However,
studies have examined farmer’s attitudes and have found that
they value good communication skills in their veterinarian
(Chapman et al., 1991). Other studies have appraised farmers’
mindsets, categorised farmers accordingly, then tailored specific
communication strategies for each identified group (Jansen
etal., 2010).

The communication strategies outlined by (Jansen et al., 2010)
provide a useful starting point when considering how to adopt a
more individualised approach. However, it is important to note
that these suggested communication strategies are not intended
for individuals, but for members of that specific group. Each
member of the group has a unique mindset or perspective that
needs to be appreciated and then addressed by the veterinarian,
in order to establish a true partnership approach. Therefore, the
ideal approach implements fully individualised communication
strategies and skills targeted at the particular needs, issues or
goal of the farming client.

Effective individualised communication process

Individualising communication approaches requires an under-
standing of the components of efficient and accurate communi-
cation. Effective communication means more than just talking; it

Process
skills

Perceptual '

skills

Content
skills

Veterinarian-Farming
Client-Patient
Relationship

Figure 8.1 Interdependence of the skills of effective communication.

involves content, process and perceptual skills (Silverman et al.,

2005; see Figure 8.1.)

« The first — content skills — relates to the actual content of
the information gathered and provided, or the ‘what is
said’ of communication. This entails the medical, preven-
tative or technical information as well as any relevant, the
lifestyle-social information.

« The second - process skills — are the ‘how’ of communica-
tion, in terms of how the veterinarian communicates with the
farmer, specifically the manner of data gathering and provi-
sion of information, relationship building and structuring an
efficient consultation. Process skills are constant across set-
tings, while the content and focus changes.

o Third, perceptual skills are associated with thoughts and feel-
ings related to self- and other-awareness. This also includes the
individual’s thought processes around clinical reasoning.

The three skills outlined above are interdependent, lie at the
heart of the veterinarian-client-patient relationship and are key
attributes of effective leadership.

Process skills are often packaged in consultation models in
order to provide a framework for effective interactions. There
are many such published and widely used models, but of par-
ticular focus in this chapter are the Calgary-Cambridge Guides
(Kurtz et al., 2003). These guides are used extensively in health-
care communication training, and each of its process skills are
evidence-based in increasing the effectiveness, accuracy and
supportiveness during the consultation (see Figure 8.2).

Importantly, in any consultation, in any setting, many of these
skills will be evident, but an effective consultation does not mean
all listed Calgary-Cambridge Guides skills are used, nor does it
mean that each step of the process is followed. It has been sug-
gested that the Calgary-Cambridge Guides model is only use-
ful for curative consultations, not an advisory role (Kleen et al.,
2011). Such a stance predominantly focuses on the content skills
of the consultation, but not the generic process skills inherent to
all interactions, nor the perceptual skills.

The Calgary-Cambridge Guides are used widely in training
veterinary medicine students (Adams & Kurtz, 2006), and the
authors believe they demonstrate applicability across various
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Preparation

- Establish context

- Create a professional, safe and effective environment

| Initiating the Consultation |

- Establish initial rapport with client and animal
- Identifying the reason(s) for the consultation

| Gathering Information |

- Exploration of the client’s presenting

Providing complaint (s) to discover Building the
structure to 2 the clinical perspective (disease - short term history) relationship
the 2 the client’s perspective (include animals purpose) with the
. 2 essential background information (long term history) .
consultation client
. Making | Physical Examination | - Non verbal
organisation behaviour
overt

| Explanation and Planning

| - Developing
rapport

* Attending to
flow

information

- Providing the appropriate amount and type of

« Aiding accurate understanding and recall

» Achieving a shared understanding: incorporate
the client’s perspective

- Planning: appropriate shared decision making

- Involving the
client

* Involving the
animal(s)

Closing the Consultation

+ Summarise
- Forward planning

OBSERVATION

Figure 8.2 The expanded Calgary-Cambridge Guides. Reproduced with permission of Lippincott Williams & Wilkins.

settings and consultation types - a view shared by Adams &
Coe (2011). The guides are a tool which has been approved and
adapted for use in veterinary medicine (Radford et al., 2006),
with the addition of continued observation of the patient/s.
However, other consultation models emphasising process skills
would be equally applicable.

The Calgary-Cambridge Guides consist of simple steps that
can act as a guide for any consultation type. While it is not
within the scope of this chapter to discuss each of these skills,
nor each step, it is suggested that readers consult Radford
et al. (2006) for a review of the adapted Calgary-Cambridge
Guides for veterinary medicine. Additionally, for a compre-
hensive review of the literature underpinning the skills listed
in these guides, see Silverman et al., (2005). Also, see Shaw
(2006) for an in-depth discussion and review of the micro-skills

underpinning effective communication in veterinary medicine.
For the purposes of this chapter, an important concept empha-
sised in the Calgary-Cambridge Guides will be reviewed with
a focus on obtaining the farmer’s perspective when gath-
ering information to achieve an individualised approach to
explanation and planning with the farmer.

Gathering information: three components

The two traditional components: obtaining
background information and the presenting
problem

Traditionally, gathering information in a consultation has focus-
ed on two predominant areas: the animal’s/herd’s presenting
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“Is it

.qateri?!'

Figure 8.3 A funnel approach to gathering information.

problem and past history/husbandry (See Figure 8.2). Veteri-
narians are well trained to take such a history. Skills used to
elicit such information have also traditionally centred around
employing closed-ended questions (Shaw et al., 2004b; McCann
& Fitzgerald, 2013). While these types of questions are effective
for the clinician gathering information that fits with clinical
decision-making models, they can also result in failure of per-
tinent information coming to light. Overuse of closed-ended
questions may also limit client participation in the consultation
and can impact rapport (Boyle et al., 2005). Instead, the ask-
ing of open-ended questions at the outset and at each line of
enquiry is often more efficient while, at the same time, builds
the relationship with the farmer as they begin to discuss the
issues/needs from their perspective.

A ‘funnel approach’ is recommended (Kurtz et al, 2003; see
Figure 8.3). Simple broad open-ended questions begin the gath-
ering information phase, followed up with targeted open-ended
questions. At this point, specific closed-ended questions should
be used to ensure the veterinarian has all the information they
require. Utilising such an approach helps to meet the needs of
both veterinarian and farmer.

Interestingly, Shaw et al. (2004b) found that open-ended
questions are an under-utilised skill, suggested by their absence
in 25% of consultations in a companion animal sample. To
demonstrate one benefit of the use of open-ended solicitations
of client concerns at the outset in companion animal consulta-
tions, clients were noted to express significantly more concerns
(Dysart et al., 2011). Expressing concerns at the outset limits the
likelihood of late-arising issues which can derail the consulta-
tion and reduce efficiency. It also permits detailed information
gathering and inclusion of the client. Parallel positive outcomes
are likely when such purposeful questioning is applied in bovine
consultations.

The remainder of this chapter will focus on the skill of using
open-ended questions to achieve an individualised approach in
any consultation format.

The third component: the client perspective - an
individualised approach

There is a third component of the information gathering pro-
cess; understanding the client’s perspective (Silverman et al.,
2005; see Figure 8.2). Gaining an understanding of the client’s
perspective is a central feature of relationship-centred care
(Beach & Inui, 2006). Relationship-centred care in veteri-
nary medicine could be viewed as a collaborative partnership
between veterinarian and farmer to meet the healthcare needs of
the animal(s) (Shaw et al., 2004a). It is a style of communication
that has been associated with increased adherence in veterinary
medicine (Kanji et al., 2012). The farmer has expectations, opin-
ions, thoughts and an appreciation of their own capacities and
limitations related to the management and prospects of their
animal(s). Furthermore, farmers have their own personal and
professional expertise of farming practice and relationship with
the animals on the farm. Additionally, there is a culture within
which farmers work and, on an individual level, each farmer has
a self-identity or an appraisal of how they see themselves and
their values.

These are all elements of the farmer’s (client’s) perspective.
The farmer’s perspective is the third piece of the information-
gathering process which may be overlooked or gathered inci-
dentally rather than intentionally. Anecdotally, veterinarians
discover the value of eliciting this information through expe-
rience. A more effective consultation style could be attained
through intentional use of this third and integral component of
the information-gathering phase and, ultimately, a relationship-
centred approach.

Interestingly, there seems to be a misalignment between
veterinarians’ and farmers’ beliefs. A Danish study found that
veterinarians perceived that farmers place primary impor-
tance on productivity and financial performance, in contrast
to farmers’ reported desires to enhance teamwork and animal
welfare (Kristensen & Enevoldsen, 2008). Farmers preferred
a team-based approach, working towards common goals
and ambitions - these are both elements of the farmer’s
perspective. Accordingly, a focus on productivity and prof-
itability alone may not meet the expectations of the farmer,
and thus may potentially limit the farmer-veterinarian rela-
tionship and uptake of best-practice recommendations. It
is therefore essential that, in all consultations, the farmer’s
perspective is elicited to ensure alignment (Jansen & Lam,
2012), and this should occur during the early phase of the
consultation.



The individualised approach: the farmer is an expert, too
Farmers/clients have a great deal of knowledge which can help
the veterinarian ensure accuracy of diagnosis and/or effective-
ness of herd management problem-solving or advice, and also
help in the later stages of the consultation. Studies have shown
that farmers value and seek proactive veterinarians who draw on
their expertise in medicine and heath management, to identify
opportunities for enhancement on the farm (Hall & Wapenaar,
2012). While the bovine farming client has much expertise in
their particular area of cattle production and husbandry (e.g.
dairy, beef, feedlot) at industry level, as well as being expert in
the day-to-day functioning of the particular farm.

Regardless of the extent and type of proficiency, recognising
that the farmer has knowledge which the veterinarian cannot
fully know is an important and, in many respects, equalising
premise; the consultation becomes a meeting of experts (Tuckett
et al., 1985). Such a view leads to a natural partnership, in so
much as the veterinarian needs the farmer’s expertise as much as
the farmer requires the veterinarian in order to achieve the best
possible outcomes for the animals in their care. This premise
is another element of a relationship-centred style of commu-
nication. It is also an example of a perceptual skill that can be
communicated explicitly to the farmer, which Kristensen &
Jakobsen (2011) believe helps validate the positive self-identity
of the farmer.

The individualised approach: the role of the animal/s

on the farm

The human-animal relationship, in many respects, drives the
need for effective communication in veterinary medicine. Fur-
thermore, an appreciation of the role of the animal in the life of
the farmer is vital for working in partnership and for tailoring
treatment and management strategies. Veterinarians working
with farmers will be aware of the relationships that farmers
can, and do, develop with their livestock. Farmers develop
relationships with their herds that can be influenced by the size,
purpose and husbandry practices of the farm. Specifically, they
can be influenced by the frequency and intensity of contact, and
they vary between and within species (Bock et al., 2007).

In a study of farmers’ reported attachment to their animals,
Bock et al. (2007) found that bovine farmers generally felt closer
to their cows and likened them to family members and friends,
more so than do pig and poultry farmers. The study found
that the attachment ranged from very close to loose and, even
among those who described a detached relationship, they still
positively regarded the herd over and above their economic
potential. Given the diversity of reported relationships between
farmers and their cattle, the research suggests that it is impor-
tant to understand this relationship, in order to best work in
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partnership with farmers and to appreciate their perspective
particularly in terms of their goals, expectations and needs.

Over and above those already mentioned, there are multiple
underlying reasons why farmers develop relationships with
their herd. Farmers like being close to their animals, and it is
a source of satisfaction (Seabrook & Wilkinson, 2000). Being
a well-regarded farmer is characterised by taking good care of
animals (Dockes & Kling Eveillard, 2006), and this caretaking
is important even when economic reasons are the primary
motivator (Bock et al., 2007). Being a good farmer forms part of
their self-identity. Furthermore, heritage or the personal history
of the farmer is an important aspect of the human-animal
relationship on the farm. When breeding from old bloodlines,
farm, animal and family become connected (Bock et al., 2007).

An evaluation of farmers’ attitudes suggested that one group
of farmers expected a correlation between animal welfare and
herd health with their own subjective wellbeing, and this would
be achieved by surrounding themselves with healthy cows
(Kristensen & Enevoldsen, 2008). This finding further suggests
that farmers can, and do, develop relationships with their herds
that may be related to their self-identity and wellbeing. Without
having an understanding of the role/s of the animals in the
farmer’s life, it is difficult to tailor treatment and management
approaches that fit with the farmer’s perspective and, thereby,
meet their goals.

In order to understand the role of the animals in the farmer’s
life, again the use of open-ended questions is indicated: “Tell
me about the main purpose of the farm? ‘What outcomes are
most important for you on your farm? “What are your goals for
the farm?’

Explanation and planning: connecting it
to the farmer’s perspective

The client perspective: an integrated,
individualised approach

By the explanation and planning phase of the consultation (see
Figure 8.2), the bovine veterinarian should have some under-
standing of the farmer’s motivations, expectations, opinions,
values, capacity and/or limitations. Therefore, the medical con-
dition or health strategy can be viewed in light of the entire farm
dynamic and, as such, treatment and management approaches
can be individually tailored and based on mutual understand-
ing. In an analysis of companion animal consultations, Kanji
et al. (2012) found that eliciting the client’s perspective would
likely increase adherence. Furthermore, they reported that
aligning clinical recommendations with the previously elicited
client’s expectations and needs is thought to enhance client
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adherence. Incorporation of the farmer’s perspective during
this phase of the consultation will likely harness factors which
facilitate adherence.

The Health Belief Model is a well-regarded social cognition
model that attempts to explain and predict acceptance of
healthcare recommendations (Rosenstock, 1974). It is useful to
consider these predictors in the context of understanding the
farmer’s perspective and how this may relate to adherence. The
Health Belief Model involves the following dimensions, with
associated open-ended soliciting questions, as they might apply
to farmers.

o Perceived Susceptibility. Perception of vulnerability or risk of
being impacted by a health condition: ‘How concerned are you
about ... .

Perceived Severity. Perception of the seriousness of contract-
ing, or not treating, a condition as it relates to clinical and
social issues: “What’s your sense of the impact on your farm
if we don’t treat this condition/implement this preventative
measure?’

Perceived Benefits. Perception of feasibility and effectiveness of
recommended strategies: ‘You have a busy farm. How feasible
is it to implement these recommendations?’ ‘How can we work
together to achieve this?’

Perceived Barriers. Perception of the cost-benefit of the health
related action; this requires a review of the negative conse-
quences of action such as expense, side effects and time: ‘What
might make it difficult for you to implement this?’

Finally, there is a hypothesised factor which may call farmers
to action and stimulate the decision-making process. The fac-
tor is either an internal (e.g. symptoms) or external (e.g. mass
media, discussions with other farmers) cue, and the external cue
is of particular relevance to veterinarians, given the mass media
promotion of many health-related/promoting strategies in the
farming community. Thus, after exposure to external cues, farm-
ers may be ready to discuss such health strategies and require a
discussion of:

1 the perceived risks and severity;

2 the perceived benefits and barriers.

It is unlikely that farmers will take action unless both con-
ditions are met (Jansen et al, 2010). Moreover, Kristensen &
Enevoldsen (2008) recommended that veterinarians understand
and integrate individual differences as promoting factors for
change. Therefore, inviting farmers to ask questions, to seek
clarification or to express doubts or concerns, encourages active
participation.

An integrated, individualised approach: the farmer is an
expert, too

Farmers have expertise in knowing their livestock and their
farming practices, and they may be quite knowledgeable about
medical conditions. On the other hand, they may be mis-
informed, have an incomplete understanding, or may have
never heard of certain conditions or practices. Their expertise

may have breadth but not depth. To assume the expertise of
the farmer and either give them too little information or too
detailed information are equally problematic. It is thus vital that
information is tailored to the knowledge base of the individual
farmer (see Figure 8.2), which is best explicitly elicited. Useful
questions can include: T don’t know how much you know
about ... Tell me your understanding of this condition?” “There
is a lot of information out there about mastitis. How much
information would you like?” ‘What additional information do
you need? ‘How familiar are you with this condition?’

Having an understanding of the farmer’s knowledge base,
another element of the farmer’s perspective, gives the bovine
veterinarian a starting point for the treatment plan and manage-
ment discussions. Once into the explanation and planning phase
of service delivery, confirming or re-checking the expertise of
the farmer and underlying knowledge base is equally important.
Often, closed-ended questions such as ‘Do you understand?’
or ‘Does that make sense?’ are asked, and these do serve as a
check-in with the client. This also enables the information to
be provided in more manageable amounts (a skill listed in the
Calgary-Cambridge Guides as ‘chunk ’n’ check’). However, a
more useful check-in statement is open-ended (e.g. ‘How do
you feel about this?’), providing the farmer with an opportunity
to elaborate and potentially give further perspectives.

Given the complexity and range of information that veterinar-
ians can provide to farmers, multiple methods of communicat-
ing may be indicated. Hall & Wapenaar (2012) found, in their
study investigating discussions between farmers and veterinari-
ans, that veterinarians overestimated the effectiveness of conver-
sations in many areas of herd health management. The authors
note that veterinarians may well be addressing each area, but the
amount and, indeed, technical nature of information, may ben-
efit from or require supplemental communication strategies.

Written and supplementary communication tools
The use of models, pamphlets, DVDs, links to online materi-
als, reports and summarising letters, are also aids to the farming
client for the integration of information.

For corporate owners or government bodies, the bovine veteri-
narian will be involved in more formal communication meth-
ods, such as submission of ‘items for meetings’ and ‘executive
summaries and reports’. Clear, succinct, professionally laid out
documents, which are written with the perspective of the partic-
ular client or stakeholders in mind, are likely to enhance the role
of the veterinarian in advisory or higher-level strategic and/or
motivational input.

Conclusion
As bovine production management systems become more

complex, engaging effectively with the relevant stakeholders
will likely require, and result in, veterinarians utilising more



formal communication strategies (Wustenberg, 2006). While
this chapter has focused on veterinarian-farmer interaction, the
individualised approach based on the client’s perspective can be
extrapolated to settings where the veterinarian is in a leadership
position. For example, it is essential that veterinarians under-
stand the stakeholders’ perspectives and expertise, such as the
goals and needs of the regional group or the expectations and
opinions of the industry board. Acknowledging and incorporat-
ing these perspectives into management approaches is integral
to effective practice.

Hence, the authors’ premise that skilled communication
underpins effective leadership, as it is not until the leader
understands the perspectives of the farming client that they can
then proceed and determine strategy and implementation. Con-
sequently, a focus on leadership skills, with particular emphasis
on intentional implementation of evidence-based communica-
tion skills, such as those listed in this chapter, is indicated in
the education and continuing professional development of all
bovine veterinarians. Moreover, these are skills that can, and
are, being successfully taught in veterinary medicine.
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CHAPTER 9

Marketing, Promotion and Farmer Education

Peter Orpin

Learning objectives

« Understanding the challenges to effective marketing.

« Be able to developing a marketing strategy for the practice.

o Understand the processes that are required to implement the
strategy.

o Appreciate the importance of farmer education.

Understanding the challenges to effective
marketing

Marketing, promotion and farmer education are key elements of
building a successful farm practice. The veterinary practice plays
a central lead in helping farmers to adopt the opportunities that
exist to improve the technical performance of their herds. We, as
veterinarians, have the knowledge to help advance herd health
and production of the herd. However, unless we can communi-
cate what we can offer to our farmers in an effective way which
can help shape the behaviours and priorities of the farmer, then
progress will be slow. Typically, we often view our neighbouring
practices as our greatest competitors. The real competitors
are more likely to be other, non-veterinary, businesses which
are often more efficient at competing for both the attention
and resources of the farmer. If our marketing is effective, then
animal health should be within the top three priorities for
the farmer.

There are several definitions of ‘marketing’. The most appro-
priate definition within a veterinary context appears to be: ‘the
management process responsible for identifying, anticipat-
ing, shaping and satisfying customer requirements profitably’.
Marketing embraces the whole process of market research,
communication, promotion and, ultimately, altering farmers’
purchasing decisions and behaviour. Confusion often exists
between selling, advertising and marketing. ‘Selling’ is part of

the process, but does not define the whole process of marketing.
There is a real risk that the veterinarian who dislikes the process
of ‘selling’ then avoids marketing as a consequence. The practice
can then become totally reactive, and simply responds to the
current demands of the farmer, rather than shaping future
opportunities for both farmer and the vet.

Farmer education is also an essential part of the marketing
mix. Education helps with providing a context for any solutions
that may exist to improve health. With understanding, we have
compliance. Without understanding, we have confusion. The
explanation of the benefits of health improvements and how
these can be achieved is a ‘central plank’ of creating a successful
health-orientated veterinary practice.

The pressures of clinical work and “time poverty” can often
constrain the ability of the practice to market the services and
solutions that it provides effectively. A common limitation of
practice marketing is that the marketing activity is designed to
suit the plans of the supplier or sponsor, rather than the needs
of the client or the practice. Suppliers are keen to work with vet-
erinarians to help promote income opportunities and endorse-
ments for their own products. Adopting a marketing approach
driven by your suppliers is likely to be more fragmented and
without a coordinated narrative. A clearly thought-out market-
ing process, with defined clear aims and objectives matching the
needs of your own practice and clients, will be much more effec-
tive. The present chapter seeks to illustrate how a more cohesive
approach could be adopted, following some basic steps.

Developing a marketing strategy for the
practice

To optimise the impact of any marketing approach there needs
to be a marketing plan which should dovetail in with the overall
business plan for the practice.
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Planning

Practice vs Group
SMART targets

Defining the strategy

Communicating
Internal—practice,
training
External—clients
Market research

Review

Quantifying and
refining progress
Celebrating success

Implementation
Promotion
Education
Delivery

Figure 9.1 The process of creating a marketing plan.

The successful marketing plan will achieve two main aims: sat-
isfying client needs; and delivering a profitable and sustainable
result for the practice. The process of creating a marketing plan
can be broken down into four distinct phases - planning, com-
municating, implementation and review - which are highlighted
in Figures 9.1 and 9.2.

A mind map (Figure 9.2) of the methodology of the process
illustrates the level of detail required to create a successful mar-
keting plan for a veterinary practice. The process can be broken
down into a series of logical steps. In this particular example, we
will focus on a marketing campaign primarily directed at exist-
ing clients, with the intention of developing a health-orientated
practice.

The planning phase

Define your strategy

The marketing strategy should be linked to the overall business
plan for the farm practice and the most recent SWOT analysis.
What are the key objectives of the marketing process? To deliver
more profit or secure a closer bond with the client? What are the
most important areas to develop? Services? Products? Consul-
tancy? Absolute clarity is required. A series of individual mar-
keting tactics can be delivered, but ideally these should all meet
the main marketing plan objectives. The strategic delivery of a
marketing plan is classically defined as the ‘eight Ps” of market-
ing (Lovelock & Wirtz, Lovelock and Wirtz, 2007), as illustrated
in Figure 9.3.

Objectives and targets

Once you have established a plan, it is useful to clarify the specific
objectives and targets. Are there SMART targets (Specific, Mea-
surable, Achievable, Realistic and Targeted) for the marketing
program, which will allow us to evaluate the marketing program
and celebrate success if the targets are achieved? For example: “To
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Reduce costs
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New vs existing clients
Obijectives and SMART targets

Client Achievers/Aspirants

Education to reduce emergency work

Optimise visits and pre-planned work

Increase number visits
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. . Cost benefit
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Shows Budgets and resources
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. ) Expertise
Soical Media . . External help and training
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Meetings
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Farming press
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Peer to peer
Discussion Group

Marketing and Education

Implementation

Communication
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Progress

Modify future approaches

Newsletter o .
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e-news Review K
Text J|

Service handbook
Health Plan

Targets and success

Figure 9.2 Mind map of the key steps to an effective marketing and farmer education process.
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Figure 9.3 The ‘eight Ps’ of marketing.

increase the uptake of farmers using your fertility program by
20% by July 2013 is much SMARTer than ‘having a promotion
on fertility with our farmers this year’.

Establish your marketing partners

Who will help you with your marketing? Are you going to join a
marketing group? Do you require external consultancy to help
build your skills, or are you going to depend on the marketing
skills of your suppliers? In the UK, practices are gathering
together in buying and marketing groups in order to share
expertise and develop common marketing opportunities which
all practices can utilise. For example, a marketing group called
XLVets has been established which allows for the sharing of
expertise and costs (Black & Schmitt, Black and Schmitt, 2012).
This allows common themes to be developed within the group
and a sharing of resources (printing, shows, exhibitions; see
Figure 9.4). Ansoff’'s matrix suggests four alternative marketing
strategies, which hinge on whether products are new or existing.
They also focus on whether a market is new or existing. This is
illustrated in Figure 9.5.

What are you going to market?

The relative ease of the strategy will depend on the client group,
and whether the system is tried and tested. For instance, it is
considerably easier to sell an existing service (e.g. an established
fertility program) to an existing client, rather than a completely
novel hi-tech solution to a prospective or new client. The
most successful marketing campaigns identify areas which are
tried and tested, with potential for long-term gains and repeat

Figure 9.4 XLVets' stand at the European Dairy Event (2010).

business for both farmer and vet (e.g. fertility programs). In
most veterinary practices, the greatest gains are in the areas of
market penetration and product and service expansion within
their existing clients. These are lowest risk and cost to deliver.
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Market
Penetration

EXISTING services/
products to EXISTING
clients

Product
Expansion

NEW services/products
to EXISTING clients

Market

: Diversification
Expansion

1S0J ODNISVIHINI

EXISTING services/
products to NEW clients

NEW services/products
to NEW clients

INCREASING RISK

Figure 9.5 Ansoff's marketing matrix, illustrating the relative ease of
promotion according to service and client type.

Define the target group

Analyse your existing database to establish where the greatest
growth potential exists. Are you targeting all clients equally, or
particular key clients or species groups? The more targeted the
approach, the more effective the campaign will be. Focusing on
clients who have previously shown an interest, or have commit-
ted to previous practice developments, is a productive approach.
Ranking clients according to overall purchases will allow you to
identify the typical 20% of the clients which deliver 80% of the
income for your practice (the Pareto principle). A simple list of
clients, followed by a series of columns indicating what services
and key products they purchase from you, will help you identify
and perform a ‘gap’ analysis of your client base.

Client segmentation: focusing on the receptive groups
Another useful concept to use is the ‘victim, aspirant and achi-
ever’ profiling approach (see Figure 9.6). Clients can be divided
up according to their attitude to investing in health. The aim
should be always to appeal to the ‘achievers’ and ‘aspirants’, and
to ensure limited time is spent on the ‘victims’. With the correct
environment, the achievers will encourage aspirants to progress.
This forms the basis of organising successful discussion groups
or meetings where the focus is to establish a mix of aspirants and
achievers.

Communicating

The success of the marketing program is totally dependent
on achieving compliance with all those involved. Work by the
American Animal Hospital Association (AAHA) developed
the knowledge, attitude and behaviour models used in human
healthcare compliance to produce the CRAFT formula for effec-
tive client communications: Compliance = Recommendation +
Acceptance + Follow Through. Nothing happens unless a clear
recommendation is made, acceptance is achieved in the mind of

Achievers-
decisive,
high flyers

Figure 9.6 The ‘achiever, aspirant and victims’ methodology of dividing a
customer group.

the receiver of this recommendation, and steps are put in place to
ensure that follow-up is taken to ensure something happens. This
model equally applies to the challenges of internal marketing.

Internal marketing - involving the team

Internal marketing is a key step which is often omitted during
the planning stage. If an influential member of the farm team
is not engaged with the process, there is a risk that most of the
good work may be undone later. Spending time early in the pro-
cess managing objections and gaining acceptance is time well
spent. Communication within farm practice teams is not easy.
Geographic ‘lone’ working can often limit or delay progress,
preventing agreement and engagement with the marketing plan.
Building effective communication systems within the practice
are vital, using smartphones, intranets, social media or email,
which will greatly help information flow.

Meetings and decision-making

For effective decision-making, meetings will be required, with
defined agendas and outcomes. Preparation for meetings is
essential, with typically twice as much time preparing for
meetings than in the meeting itself. Meetings are often poorly
managed within practices, resulting in a discussion focused
on anecdotes and destructive criticisms, rather than proactive
planning opportunities. A section of every practice meeting
should be devoted to marketing and improving client service.

Skills and knowledge

Do we know enough to deliver the service or promote the health
remedy? Identifying gaps in knowledge will help prevent a pre-
mature or poorly developed promotion. Who will champion the
program? Does everyone else know enough about the features
and benefits of the project to answer any queries a farmer might
raise and help to promote the program?
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The Veterinary Group Beef Services Questionnaire

As a practice, we are aiming to improve the service we offer to our beef clients. We are therefore

interested to know what it is that you would like us to be able to provide for you in the future.

We would greatly appreciate it if you could spare a few moments of your time to complete the

questionnaire below:

Name and Farm:

1. What would you perceive as the main limitation to improving profitability to a beefherd?

2. Please rank the following in order of importance to you (1 = most important, 4 = least);

- Improving fertility

- Reducing calf mortality

- Improving live weight gain

- Achieving a tighter calving pattern

- Other

Figure 9.7 An excerpt from a beef client survey conducted in the author’s practice in 2012.

Market research: test the market and identify farmer
needs

Market research conducted at an early stage will prevent you
from wasting time delivering a plan which does not meet the
need of the farmer. Farmer needs can be achieved by ‘one to one’
discussion with the target group of clients, structured farmer
surveys, or focus or discussion groups. If you can correctly iden-
tify the most important health topics which concern the client
and rank these by importance, you can help to prioritise the mar-
keting plan. Use open questions such as: ‘What is your greatest
health concern? or ‘Which health problems are costing you the
most money, and how can we help you reduce these losses? to
help get a closer understanding of the clients’ needs. The concept
of ‘active listening’ ensures that you tease out from your farmers
what is most important to them, and the results can help sharpen
up your marketing campaign, as the features and benefits will be
more closely aligned to the farmers” concerns.

Farmer surveys
Getting professional help with the construction of any farmer
survey is always advised. The success is largely dependent on the

asking the right questions (see Figure 9.7). A useful technique is
to combine the open questions with some that provide potential
answers for ranking in order or importance.

Implementation: farmer education and marketing
delivery

Practical delivery of the plan

One of the most effective ways to manage a marketing plan is
by using a Gantt chart methodology (Figure 9.8). This can be
simply done in a spreadsheet, where the months are the columns
and the rows are the key activities required to deliver the plan
(defining the target market, in-house training, newsletters,
farmer meetings, follow-up). This ensures that the key steps of
the campaign are not forgotten, and the whole process can be
tracked through in a coordinated way. Free web-based versions
are also available, with options to share between users via the
web (e.g. Smartsheet). For simple marketing campaigns, a wall
chart or calendar may suffice. The approach, however, is the
same where the marketing ‘timeline’ is split into time specific
components, with clear lines of individual responsibility as to
who does what when.
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L Farm Marketing Plan

StartDate | EndDate Duration

a3 a4 a1 a2 a3 a4
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Awareness( newsletter/ twitter)  11/0112  01/01/13 44
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Text prompt 01/14/13 01715113 2
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Figure 9.8 A Gantt chart illustrating the key components and timelines for delivering a successful farmer training program.

‘Shaping’ farmer needs prior to promotion

Before a solution is embraced, clients have to believe that the
solution will be of benefit to them, and there is a need for this
solution to be adopted. In some situations, the need for your
solution has not been explained well enough. A good example
of this may be a farmer who totally underestimates the cost of
hypocalcaemia. Unless this is explained, then it is highly unlikely
they will sign up to a hi-tech solution to prevent milk fever. Avoid
delivering solutions until the need is firmly established in the
farmer’s mind.

Tactics and delivery

What is the mechanism you will use to communicate your mar-
keting campaign to your farmer clients? What medium will you
use? Who are you targeting? Farmer owners or the herdsper-
sons? What will be the most effective mechanism for delivery?
Large group meetings? On-farm discussion groups? One-to-one
discussions?

The small farm discussion group is by far the most effective
medium for changing behaviours, especially if this can be
combined with on-farm real demonstration of the benefits for
participation in the program. Peer-to-peer communication is a
more effective method of behaviour change than vet-to-farmer
in most instances. Typically, the use of multiple routes is the
most effective way of ensuring efficient knowledge transfer and
the triggering of action on the farm.

Communication methods
The farmer education program is often combined with the over-
all marketing program for the practice. The choice of delivery

and route of knowledge transfer is heavily dependent on the
topic and message you are wishing to impart and the client type
you are targeting. The relative advantages and disadvantages of
the various routes are highlighted in Figure 9.9 and described
in more detail in Orpin (Orpin, 1993).

Selling health - features and benefits

The final stages of the marketing program generally involve a
coordinated communication process with the farmer. This typi-
cally requires a combination of creating awareness, defining the
features and benefits of any solution, objection handling and,
finally, securing commitment (‘closing the deal’) (Figure 9.10).
Unless all steps are followed in a logical order, the outcome will
not be secured.

For the marketing process to be successful, all elements must
be managed. Unless the members of the practice team are fully
aware of the features and benefits of the product or concept
you are aiming to sell, it is highly unlikely that the marketing
program will be as successful as it could have been. Too often,
the expectation is that a farmer’s change of behaviour or buying
decisions will occur, based on a single newsletter or meet-
ing. Further one-to-one discussion and follow-up is required.
A useful methodology to follow is the ‘feature and benefit
sales process.

The process is achieved by highlighting a topical issue in a
newsletter or via social media. This generates an opportunity
for discussion. Through dialogue, the needs of the farmer are
established and an opportunity is taken to explain the ‘features
and benefits’ to the farmer if he were to commit to the program
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Discussion Group/
Small Group

Large Group

Meeting or flip-chart. Can be run “off’ farm in the evening.

Newsletter or

services.
Practice Protocols
on farm office walls/ booklets. Simple and effective.
Practice Handbook

protocols.
Practice Web site
information and guidance.

Achievers can be mixed with aspirants. Effective route to delivering
behaviour change, especially with practical demonstration of results.

Useful for simple messages which can be illustrated using PowerPoint

Low cost if delivered at time of invoice. Creates awareness and

E-News reinforces key health messages. Highly valued by clients.

Social Media Appealing to the more technology- or computer-savvy farmer who is
familiar with the medium; low cost.

Text Useful for reminders and disease alerts, easy access via mobile.

Health Plan A bespoke platform for defining health treatments, advice and

Standard protocols and advice which can be ‘plasticised’ and placed

Defines what the practice offer can complete, with features and
benefits. Simple and low cost. Can be integrated with practice

Common portal for clients and prospective clients to access

Method Advantages Disadvantages
‘One to one’ Moderate cost, occurs on the farm visit, able to listen to concerns and  Often perceived as direct ‘selling’ by client, limited visual aids,
vet-farmer manage objections and secure commitment. dependent on the vet's ability to communicate features and

benefits clearly to farmer.

Higher cost than large group meetings, results dependent on
quality of facilitation and participants discussions.

Can become boring and less likely to influence behaviour.
Raises awareness but often requires follow up for action to
occur.

Unlikely to generate behaviour changes alone. Requires
follow-up. No opportunity for interaction. May not be read.

Not all clients may be familiar with social networking.

Limited information transfer.

Higher cost, requires individual inputs for each farm.

Generic and non-specific to the farm.

Generic and non-specific to the farm.

Requires frequent updating, depends on clients being referred
to the site via Twitter/ newsletter/work.

Figure 9.9 Table illustrating the advantages and disadvantages of different communication methods.

Identifying needs

Understanding the features and benefits of
the solution identified

Managing objections

Securing Commitment- “Closing the deal”]

Sales process

Figure 9.10 Graphic of the feature and benefit sales process.

or product. The benefits must be closely aligned to the needs
or drivers of the farmer. If there are any concerns or objections
to the solution identified, then these are discussed. Finally and
most importantly, the farmer is asked whether s/he would like
to commiit to the program. This methodical approach will allow
the vet to provide effective solutions for the farmer and will avoid
the risk of a ‘bad’ or perceived ‘hard sell’.

The traditional approach of ad hoc marketing and communi-
cation is to be avoided, as it risks priming the market by creating
awareness and then failing to follow through and deliver a prac-
tical solution for the farmer. The lack of an agreed follow-up
procedure by the practice may result in other competitor sup-
pliers ultimately providing the service or product to the farm,
when all the hard work in creating the market has been provided
by the practice.

Review

If SMART objectives have been set at the outset, the review pro-
cess allows the practice to re-evaluate progress with marketing
campaigns and to record and celebrate success if agreed targets
have been achieved. The aim is to look at what worked well,
what could have worked better, and what will we do differently
or aim to repeat successfully next time. Missing out this step
is a common failing with practice marketing processes. Cre-
ating simple rewards and opportunities for recognition and
acknowledgement are crucial areas to get right for continued
success.

Summary

Marketing can be hugely satisfying part of veterinary practice
and, if it is done well, it can help to secure a sustainable future
for both the farmer and the practice. Effective marketing is a
philosophy that determines the way that a practice is set up and
run. Utilising effective marketing plans and communications
will help focus the team, aid staff retention and, most impor-
tantly, provide a sound platform from which high health and
welfare can be delivered to the farmer clients by working in
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close partnership, rather than just being seen as one of many
suppliers to the farm.
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CHAPTER 10

Veterinary Equipment in Ambulatory Practice

Karin Mueller

Learning objectives

 Be aware of the range of equipment useful for ambulatory cat-
tle practice.

« Understand what may govern individual choices of equipment
used or carried.

o Know the equipment required to provide first aid and deal
with urgent cases.

« Recognise other requirements such as equipment care or drug
storage.

Introduction

With most cattle veterinary work being carried out on an ambu-
latory basis, the practitioner needs to ensure that the equipment
and supplies required for the common range of tasks is carried in
the vehicle or present on farm. It is personal preference whether
the entire range of equipment is carried at all times, or whether
certain ‘task boxes’ and larger pieces of equipment (such as an
ultrasound machine) are taken on an as-and-when-needed basis
for pre-scheduled tasks. The geographical area covered by the
practice will, in part, influence this decision. Equipment sug-
gestions in this chapter are listed in Boxes 10.1 to 10.11 below,
grouped by type of activity (e.g. fertility work) to aid setting up
‘task boxes’. Surgical kits and instruments for different proce-
dures are indicated in Table 10.1. The selection of suture materi-
als and needles are presented in Table 10.2. How to care for vari-
ous pieces of equipment is shown in Table 10.3. Figures 10.1, 10.2
and 10.3 presents, respectively, the basic equipment required for
catheterisation, bandaging and obstetrics.

Equipment for emergency first aid should always be car-
ried. The range of emergencies one should be able to address
includes soft tissue damage (wound lavage, bandaging, suturing,
antibiosis, analgesia), fractures (materials for limb immobili-
sation), haemorrhage (suture material, artery forceps, pressure

bandages) and acute metabolic disease (calcium borogluconate,
magnesium sulphate). Prompt attention to obstetrical cases
should also be enabled. To facilitate dealing with emergencies,
a method of sedation should be available, as should a method
of euthanasia. Lastly, consideration should be given to carrying
a base line of drugs, in order to be able to attend to individual
medical cases (for example, pneumonia) without having to go
back to the practice base.
The suggestions in this chapter are based on the years the
author has spent in practice. Various types of equipment
suitable for the same task exist, and each veterinary surgeon
will have his/her own preferred option. The type of cattle prac-
tice (i.e. whether predominantly dairy or beef) and clients’
preferences will also influence one’s choice.
The range, type and amount of drugs carried will depend on:
(a) The type of work carried out (e.g. a practice with predomi-
nantly beef youngstock will probably carry a different selec-
tion than a practice with predominantly dairy farms).

(b) Country-specific licensing regulations.

(c) Practice policy (e.g. on the use of fluorquinolons or third/
fourth generation cephalosporins).

(d) Whether a mobile dispensary is provided.

The practice vehicle must enable storage of drugs at the correct
temperature. Protection from freezing can easily be achieved
by drug drawers or compartments insulated, for example, with
Thinsulate™ or polystyrene. To stay below the maximum stor-
age temperature (25-28°C for most drugs), refrigeration will be
necessary (either as an in-built compartment or a stand-alone
chiller box plugged into the vehicle battery). Even in temperate
climates, like the United Kingdom, the inside temperature of a
vehicle commonly exceeds 45°C on warm days. Vaccines that
are carried in the vehicle will always require refrigeration.

Various options exist for the organisation and storage of drugs
and equipment inside the vehicle, from built-in compartment
units to free-standing plastic boxes. Equipment must be stored
securely to avoid forward propulsion during an emergency stop.

Bovine Medicine, Third Edition. Edited by Peter D. Cockcroft.
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Table 10.1 Surgery kits and instruments for different procedures.

C-Section Laparotomy LDA-surgical LDA-Grymer- Small
Kit methods, Sterner procedure
Rumenotomy method kits

Tail tie

Clippers or razor and blades

Cotton wool or gauze swabs (non-sterile)
Disinfectant!

Methylated spirit (spray bottle)

Scrubbing brush

Gloves, surgical, sterile

Gown, ideally sterile?

Long sleeves, sterile

Face mask

<0 =
<00 =

Surgeon’s cap

Scalpel blade, no. 22
Scalpel blade, no. 10 2
Scalpel handle, no. 4
Scalpel handle, no. 3 1

A G S S S S S S N S
G G N N S S S S
G G S S N S S S S S

N
N
N

Mayo scissors, straight 1 1 1 1
Mayo scissors, curved 1 1 1
Suture scissors 1 1 1 1
Metzenbaum scissors 1 1 1
Tissue forceps, toothed 1 1 1 1
Tissue forceps, plain 1 1 1
Artery forceps/haemostats, assorted sizes, 10 5-10 5-10 2 4
straight & curved
Allis tissue forceps 4-5 4-5 4-5 2
Needle holder 2 2 2 1
Gauze swabs, sterile, pack of 5 min. 4 min. 4 min. 4 1
Drape, sterile (e.g. Buster, 1-2 1 1
~120 x 250 cm)
Towel clips 8-10 8-10 8-10
Uterus holding forceps 1-2
Roberts embryotomy knife 1
Bowel clamps 2-4
SInstruments in plastic or metal kidney dish;
'e.g. chlorhexidine, povidone iodine;
Ze.g. Krutex disposable sterile coat
Table 10.2 Suture material and uses.
Type Material Strength Needle
Metric UsP Length Point Shape Size Uses
Absorbable Pg910 or Pgc25 4-5 1-2 90-100cm Round 1/, circle 50-80 mm AW, SW, U
3 2-0 90cm Tapercut 1/, circle 35mm SW, L, T, A
2 3-0 45cm Cutting 1/, circle 22 mm T
4 1 90cm Cutting 1/, circle 50 mm Sa
Catgut 6-7 2-3 Reel AW, U
PDS 4 1 90cm Tapercut 1/ circle 50 mm UH
Non-absorbable Nylon 6 and 6.6, 5 2 100cm Cutting 3/8 circle 90 mm S
mono-filament? 6-7 3.5 Reel S

Pg910 = Polyglactin 910 (multifilament); Pgc25 = polyglecaprone 25 (monofilament)

3e.g. Ethilon®

AW = abdominal wall: muscle layers; SW = soft tissue wound closure; U = Uterus; L = ligature of vessels/haemostasis; T = Teat surgery; A = Anastomosis of
intestine; S/ Sa = skin/absorbable suture; UH = umbilical hernia
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Table 10.3 Equipment care.

Item

Routine care

Additional care

Surgical instruments

Disbudding iron

Fetotome

Calving ropes
Protective clothing
Footcare equipment
McLintock syringe

Clean and disinfect as soon as possible after use. Then thoroughly rinse and
dry, before packing up for autoclaving.

N.B. (a) Do not allow body fluids or tissues to dry on instruments. If they
cannot be processed immediately, soak in plain water (without disinfectant).
(b) Do not exceed 45°C water temperature to avoid protein coagulation.

Allow to cool before returning to vehicle. If this requires dipping into water,
take care to only immerse the very tip, otherwise the jet may block.

Thoroughly rinse and disinfect, making sure that no hair or tissue remains in
the barrels. Allow to dry.

Wash in 60°C machine cycle. Dry and autoclave.

Wash in 60°C machine cycle.

Clean and disinfect before leaving premises.

Clean barrel and plunger with cotton wool soaked in spirit. Sterilise by
boiling. In hard water areas, remove lime with cotton wool soaked in spirit.

Lubricate all joints, ideally after every cleaning
cycle. Send scissors for sharpening.

Check for leaks in gas tubing.

Tighten loose parts.

Unblock jet with thin wire if required.
Sharpen guarded knife. Lubricate joint on
Krey's hook.

Sharpen hoof knives
Calibrate regularly.

Box 10.1 Restraint & examination (including sample collection).

Restraint

Rope halter

Rope (leg restraint), thick, eye splice, 1.8 m (6.5")

Examination

Stethoscope

Rope (casting), thick, 12m (39') Watch

Optional
Nose grip/bulldog
Anti-kick bar

Gloves, long-sleeve

Gloves, disposable, non-sterile (e.g. nitrile)

Lubricant, 500 ml bottle

Artery forceps (neurological examination)

Thermometer, rectal (digital or mercury)

Dart gun or stick
Mobile crush

Sample collection

Universal container, sterile, 30 ml (milk culture)
Universal container, 100 or 150 ml (faeces)
Transport swab (charcoal & plain)
Vacutainer (or sample pot):

7 or 10 ml, EDTA, heparin, plain (for blood)
1 or 2.5ml EDTA, plain (for centesis fluids)
Vacutainer needles, 18-20g

2.5cm (1""; coccygeal vein)

3.75cm (2"'; jugular vein)

Vacutainer needle holder:

Scalpel blades, no. 10 and 22

Optional

Interdental brush (ocular swab)

Jugular vein tourniquet
Butcher's/Post-mortem knife

Pots, large, with 10% buffered formalin

Mouth gag (e.g. Drinkwater)

Pen torch

Fluorets (ophthalmology)

Urine dipsticks

Cow-side Ketosis diagnostics!
California Mastitis Test: tray & reagent
Tote tray (to carry equipment & drugs)

Optional

Pleximeter & percussion hammer/plexor
Ophthalmoscope

Mare urinary catheter

Dog urinary catheter

Torch, large

Cow-side diagnostics (viral, bacterial, serological)

pH meter (rumen fluid analysis)
Blood gas analyser (e.g. i-STAT®)
Mobile x-ray machine

For example: Ketostix test strips (Bayer), KetoCheck powder (Great States Animal Health), Rothera’s powder, KetoTest (Elanco), PortaBHB test
(PortaCheck Inc.), Precision Xtra™ meter and blood ketone test strips (Abbott Laboratories)
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Box 10.2 Drugs! and drug administration (including fluid therapy: see Figure 10.1).

Drug administration

Syringes, sterile: 1, 2, 5, 10, 20-30, 50 ml
Hypodermic needles:

1.6cm (5/8") in 23-25¢g

>5cm (2")in 18-20g

3.75cm (1.5") in 14-16g, 18-19¢, 20-22 g
2.5cm (1) in 14-16g, 18-19g, 20-22g
Drenching bottle, 700-1000 ml capacity
Intravenous flutter valve

Optional

Syringe, catheter-tip, 50 ml

Tourniquet (jugular, limb vein)

Needle-free dispensing pins (for drug bottles)
Dart gun

Antimicrobials

Penicillin, procaine

Penicillin, potentiated (e.g. clavulanic acid)
Macrolide (short and long-acting)
Trimethoprim-Sulfonamide

Tetracycline (short and long-acting)
Cephalosporin

Fluorquinolon

Aminoglycoside

Intra-mammary preparation

(narrow and broad spectrum)
Eye ointment

(Cloxacillin- and tetracycline-based)

Anti-inflammatory

NSAID, short and long-acting (e.g. flunixin, ketoprofen, meloxicam, carprofen)

Dexamethasone, short and long-acting

Sedation, analgesia, anaesthesia

Alpha-2 agonist (e.g. xylazine, detomidine HCI)
Local anaesthetic® (procaine HCl, lidocaine HCI)
Ocular anaesthetic (e.g. amethocaine HCI)

Optional

Atipamezole hydrochloride

Butorphanol tartrate

Ketamine HCI

Cotton buds for topical anaesthetic application

Other?

Euthanasia preparation (e.g. Pentobarbitone sodium)
Vitamin solutions (B1, B-complex, D, E)

Calcium borogluconate, 20% and 40%

Magnesium sulphate

Glucose 40% or Dextrose 50%

Phosphorus preparation

(e.g. toldimphos, calcium hypophosphite)

Optional

Selenium injection

Anthelmintics (endo- and ectoparasites)
Etamiphylline camsylate

Hyoscine butylbromide

Bromhexine HCI

Calcium chloride and sulphate oral bolus
Rumen probiotic preparation

Fly repellent ointment

Captive bolt or Humane killer/pistol
Bolus applicators (anthelmintic, mineral etc.)

Fluid therapy

Stomach tube, 2.5-3 m length, 15-20 mm &
Funnel to fit stomach tube

Mouth gag

Oesophageal feeder tube (calf)

I/v administration set (straight or spiral)

I/v catheters, short-stay (e.g. Intraflon)
Adults: 12-16g, min. 80 mm (3 1/4"")

Calves: 16-20g, min. 50 mm (2"")

Scalpel blade (no. 11 or 22)

Superglue

Suture material with cutting needle

Sodium chloride, 0.9% (1 litre, 3-5 litres)
Sodium chloride, 7.2% (3 litres)

Hartman'’s solution (1 litre, 3-5 litres)
Sodium bicarbonate solution, 8.4% (200 ml)
Oral rehydration preparations (calf and adult)

Optional

Stomach pump

T-Connector

Stoppers, male luer-lock (e.g. Vygon)

Medium to long-stay catheter

Blood administration set (for plasma)

Heparin sodium and water for injection (flush)
Anti-coagulant for blood transfusion

'Choice and range will vary depending on national regulations on drugs use in food-production animals.
2See also Boxes 10.3 and 10.6 (drugs used specifically in fertility work and obstetrics)

3A product containing adrenaline may be used for local infiltration and paravertebral blocks. However, for epidural and IVRA the solution should not

contain adrenaline.




Cargo nets are useful to achieve this. Depending on practice
type, the practitioner may wish to carry hot and cold water.

Cattle stocks or crushes are typically provided by clients, and
the standard device present on farm is usually adequate. Mobile
restraining devices exist and the veterinary surgeon may wish to
bring task-specific devices, such as a Wopa foot-trimming crush
or tilting table (see Box 10.1). For breeding soundness evalua-
tion of bulls, a race is usually sufficient. However, for this task,
the client needs additionally to provide a sheltered secure area
with an electrical power point for microscopy. A standard crush
may have to be adapted for young or small cattle for certain tasks
(e.g. CSF collection) to prevent sideways movement. This can be
achieved by hanging tyres or 5-10 litre plastic containers on the
inside of the crush.

The practitioner should also consider the means to lift recum-
bent cattle. This is useful both for examination as well as
treatment purposes. Several types of cow lifting harnesses are
available, as are purpose-made mobile flotation tanks.

Typical bovine work requires some additional equipment to be
available at the practice base. Examples are a microscope, vari-
ous stains (for example polychrome methylene blue, Gram-stain,
Diff-Quik), supplies to carry out faecal egg counts and milk bac-
teriological cultures, and a blood biochemistry and haematology
analyser.

Explanatory notes on drug administration

(Box 10.2)

A range of hypodermic needles is suggested to accommodate

different types of cattle, viscosity of drugs and speed of adminis-

tration. The following may serve as an aid in choosing an appro-
priate needle:

« For intra-muscular injections, a length of 2.5 cm (17) is suit-
able for calves and yearlings, and adults up to a body condition
score of 3 (on a scale of 1 to 5).

o For adults in higher body condition, a 3.75cm (1.5”) needle
ensures correct deposition into muscle.

« For intravenous injections using the jugular vein,a 2.5 cm (17)
long needle is suitable for pre-weaned calves, with a 3.75 cm
(1.5”) needle used in older cattle.

o Subcutaneous injections are administered using a 2.5cm (17)
needle.

« Drugs of lower viscosity (e.g. NSAIDs, trimethoprim sulphon-
amide, reproductive hormones) and volumes up to 5ml can
easily be administered using a 21 gauge needle, with volumes
up to about 10 ml given through a 18 or 19 gauge needle.

« For larger volumes, or drugs with higher viscosity (e.g. peni-
cillins), a 16 gauge needle is preferable.

« A 14 gauge needle is suitable for the administration of very
large volumes (e.g. calcium borogluconate).

« Forinfiltration of local anaesthetic, 20 or 21 gauge is preferred.
The length of needle depends on the local block, with 2.5 cm
(17) suitable for a cornual block, IVRA or scrotal infiltration,
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while a length of at least 5 cm (2”) being more suitable for line
infiltration of the flank.

o For sub-conjunctival injections, a short 23-25g needle is most
useful.

Explanatory notes on intravenous fluid therapy
(Box 10.2)

The suggested lengths for intravenous catheters should be read
as the minimum. In particular in calves, the relative looseness
and mobility of the bovine skin over the jugular groove requires
an i/v catheter of good length, to prevent its dislodgement during
normal movements of the animal.

Unfortunately, it is becoming increasingly difficult to find
short-stay catheters longer than 50 mm, particularly in the
smaller gauges. An alternative is to use mid- to long-stay
catheters, but these are somewhat more difficult to place, and
are more expensive. With regard to different catheter types, for
most applications in cattle work, a short-stay catheter with a
dwell-time of up to 72 hours will suffice. Securing the catheter to
the skin with superglue is a convenient method for dwell-times
of a few hours, causing relatively little trauma to the bovine skin
on removal. For longer dwell-times, suturing is recommended.
In addition to conventional suturing material and needles, this
can also be achieved with a 20 to 21 gauge hypodermic needle
with fine suture material threaded through. Good anchoring is
greatly aided by wings on the catheter. If these are not present,
they can be manufactured from zinc oxide tape placed in a
butterfly fashion around the hub of the catheter.

Ready-prepared intravenous fluids suitable for cattle work are
now almost universally available at reasonable costs. Neverthe-
less, some practices may prefer to carry weighed-out sachets of
salts and electrolytes to prepare fluids on farm. For this, two
things should be noted: only sterilised or tap water should be

Figure 10.1 Useful material for bandaging, showing from top to bottom (and
left to right): padding material (cotton wool, Gamgee™, OrthoBand®, gauze
swabs); conforming, elastic adhesive and cohesive bandages (in widths of 10

and 7.5 cm); commercial duct tape; non-adhesive dressing; disposable gloves.
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Box 10.3 Fertility work.

Female fertility visit

Gloves, disposable, non-sterile (e.g. nitrile)
Gloves, long-sleeve

Lubricant (2-5 litres)

Paper towels (vulva area cleaning)
Prostaglandin F,_ (e.g. cloprostenol)
GnRH (e.g. buserelin acetate)
Progesterone, intravaginal:

devices and applicator
Disinfectant

(chlorhexidine, povidone iodine solution)
Syringes, sterile: 2, 5ml

Hypodermic needles: 2.5¢cm (1”') in 19-21g
Recording sheets

Clipboard

Optional

Ultrasound machine, linear probe, 7.5 MHz
Vaginal speculum and light source
Chorionic gonadotrophin

Intra-uterine antimicrobial (endometritis)
Progesterone ELISA kit (bench-top)

Male fertility examination
Rope halter (XL)

Microscope with heat-stage and phase-contrast

Power lead and extension power cable
Immersion oil

Lens cleaning tissues

Gloves, disposable, non-sterile (e.g. nitrile)
Gloves, long-sleeve

Lubricant (0.5-2 litres)

KY Jelly

Scrotal circumference tape

Test tubes!, clear, graduated, 15 ml, with top
Insulation sleeves for test tubes

(e.g. pipe lagging)
Test tube rack

Syringes?, sterile, 1 ml

Needles, 1.6cm (5/8") in 259

Sample pots, plain, plastic, 5 ml
Pipettes, plastic, disposable
Microscope slides

Cover slips

Marker pen/small labels (ID of slides)
Slide holders

Morphology stain (e.g. Nigrosin-Eosin)
Formol saline (100-200ml)

Saline (ideally phosphate-buffered)
Transport swabs, sterile (charcoal, plain)
Sharps container

Optional:

Desk tally

Water bath

Haemocytometer with cover slip
Micro-pipettes, 5ml and 40 pl, plus tips
Watch glass (for semen staining)

pH paper/meter

Ultrasound machine, linear probe, 7.5MHz

For EEJ collection:

EEJ machine

Probe, 75 mm3

Power cable for probe (and spare)

Power cable/spare battery for machine
Collection handle (and two elastic bands)
Collection cones, disposable

(closed or open-ended)

For AV collection:

Artificial vagina

AV Liners (min. 2x)

AV Collection cones (min. 2x)

Elastic bands
Test tubes with rim

Thermometer, laboratory standard
Funnel

For AV collection, and if open-ended collection cone is used for EEJ collection.
2Syringes must either be without a rubber seal, or the rubber must be non-spermaticidal.
3For yearling bulls use 60 mm, for Bos indicus-types use 90 mm diameter.




Box 10.4 Foot, limb and wound care (see Figure 10.2).
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Foot care

Hoof knife, left-handed, 2x pairs

Toe-clippers (pincers), 1x pair

Hoof knife, right-handed, 2x pairs

Claw blocks & adhesive & mixing utensils
(e.g. Demotec®, Cowslips™)

Gloves, disposable, non-sterile (e.g. nitrile)

Cotton wool, roll

Methylated spirit

Antibiotic spray (e.g. oxytetracycline)

Probe, sterile, 2mm @ x 12-15cm

Local block / IVRA:
Tourniquet
Local anaesthetic (without adrenaline)
Syringe, sterile, 20-30 ml
Hypodermic needles:
2.5cm (1) 19-21g

Optional
Gloves, anti-cut / protective

Bandaging and wound care

Bandages, 7.5-10 cm width, 4 rolls of each
Bandage, poultice (e.g. Animalintex®)
Elastic adhesive (e.g. Tensoplast®)
Cohesive (e.g. Vetrap™)
Conforming (e.g. Knit-Firm)
Padding (e.g. Soffban®)
Dressing, non-adhesive, 10 x 20 cm
(e.g. Melolin™, Allevyn™, Primapore™)
Tape, adhesive (e.g. zinc oxide, 2 cm width)
Scalpel blade, no. 22
Bandage scissors, pair
Casting material, min. 6 rolls
Fibreglass and resin® or plaster of Paris
Widths of 7.5, 10, 12.5cm

Optional
Stockinette

Casting tape (e.g. Vet-Lite)
Gamgee™

Intrasite™ gel, 159

Hoof tester

Angle-grinder

Skin conditioning ointment
Rasp (e.g. udder cream, Vaseline, Dermisol®)

IFor example, Vetcast™ or Dynacast®. If an oscillating saw is not available, also required are lengths of tubing (e.g. from administration
set) and of fetotomy wire to aid cast removal with (wire fed through tubing and buried under cast).

Figure 10.2 An i/v catheter kit containing, in a clockwise direction from
lower left: local anaesthetic and syringe; scalpel blade; swabs for surgical
scrub (chlorhexidine and surgical spirit); i/v catheters of different lengths and
gauges; suture material; fluid administration set; heparin saline flush; T-port.
Not shown are means of clipping the area.

used for dilution, and the ingredients should have chemical
grade standard (e.g. sourced through a pharmacy or scien-
tific laboratory supplier). The latter is to avoid unwanted, and
sometimes unknown, ingredients like the anti-caking agents or
potassium chloride in some table salts. For the fluids commonly
used in cattle practice, the following types and quantities are
useful. Amounts need to be weighed out accurately, using a set
of letter or laboratory scales:

(a) 9 grams sachets of sodium chloride, each to make one litre
of isotonic 0.9% saline.

(b) 216 grams sachets of sodium chloride, each to make three
litres of hypertonic 7.2% saline.

(c) 16.8 grams sachets of sodium bicarbonate, each to make
200 ml of molar 8.4% solution.

(d) Sachets containing 3.1 grams sodium lactate, 6 grams
sodium chloride, 0.3 grams potassium chloride and 0.2
grams calcium chloride, each to make one litre of Hartman’s.

Any vessels or bags used to prepare and administer the
fluids with must be thoroughly cleaned (e.g. using diluted
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Figure 10.3 Basic obstetrics kit, showing in a clockwise direction from top left in: (a): three calving ropes, ideally of different colours to aid placement
identification; rope handles; and episiotomy equipment (artery forceps/needle holders, suture material, scalpel blade). (b): obstetrical lube; parturition gown;
clean water with mild disinfectant for both obstetrician and patient; disposable long-sleeve gloves.

Box 10.5 Castration, disbudding and dehorning.

Rope halter

Animal marker spray

Scalpel blades, no. 22

Blade holder, no. 4

Artery forceps, pair

Gloves, disposable, non-sterile (e.g. nitrile)
Disinfectant (e.g. chlorhexidine)

Gauze swabs or cotton wool

Disbudding iron

Matches

Embryotomy wire & handles & wire cutter
and/or Scoop-Dehorner (e.g. Barnes-type)
Bucket, clean, ~10 litres capacity

Depending on age/technique:
Emasculator

Burdizzo

Suture material for ligation

Sedative, alpha-2 agonist

(e.g. xylazine, detomidine hydrochloride)

Local anaesthetic (procaine HCI, lidocaine HCI)
Antimicrobial, injectable (penicillin-group)
Antimicrobial, spray

NSAID, short-acting (e.g. ketoprofen)
Syringes, sterile: 5, 10, 20 ml

Hypodermic needles:

3.75cm (1.5")in 21g

2.5cm (1”)in 169, 18-1949, 219

Optional

Gloves, sterile surgical
Clipboard & recording sheets
Spare gas bottle




Box 10.6 Obstetrics (See Figures 10.3 a/b).
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Either ‘Calving’ or ‘Normal assistance’
Rope halter

Calving ropes or chains, sets of 3
Handles for ropes/chains

Gloves, long sleeve

Lubricant, obstetrical, min. 10 litres

Calf resuscitator (e.g. Cox’s)

For epidural:

Scissors, curved (for clipping)

Methylated spirit

Gaugze swabs or cotton wool

Syringe, sterile: 5ml

Needle, hypodermic, 3.75cm (1.5), 199
Local anaesthetic without adrenaline

For episiotomy:

Scalpel blade, no. 10 or 22
Suture material, cutting needle
Needle holder or artery forceps

Optional
Rope and tackle pulley
Calving jack/calf puller

Doxapram hydrochloride Fetotomy:
Fetotome, 2-barrel, stainless steel

with introducer probe (and cleaning brush)
Embryotomy wire (min. 3 reels)

Wire cutter

Wire introducer (e.g. Sand’s)

Wire handles

Calving chains (2x)

Krey’s hook

Eye hook, sharp & blunt pairs, plus rope
Guarded knife

Scalpel blade, no. 22

Caesarean section (Figure 10.4):

C-Section surgery kit (see Table 10.1)
Suture material and needles (see Table 10.2)

Drugs:

Sedative (e.g. alpha-2 agonist)

Local anaesthetic (procaine HCl, lidocaine HCI)
Clenbuturol

Oxytocin

Antimicrobial, injectable, broad-spectrum
NSAID (e.g. ketoprofen, meloxicam)
Syringes, sterile: 5, 10, 20-30 ml
Hypodermic needles:

5cm (2”)in 20-21g

2.5cm (1"")in 169, 18-19¢, 219

Other:
Saline for irrigation, min. 1 litre

Optional

Spinal needles 75-90 mm (3-3.5"") in 189

(for paravertebral)

Rope (leg restraint), thick with eye splice,

1.8m (6.5")

Antimicrobial, spray

Antimicrobial, intra-abdominal

(e.g. crystalline penicillin, dihydro-streptomycin)
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Box 10.7 Selected surgical procedures.

General supplies

Syringes, sterile: 2, 5, 20-30ml

Surgery kits (see Table 10.1)

Suture material and needles (see Table 10.2)
Fly repellent

Anti-inflammatory (NSAIDs)

Antimicrobial (systemic)

Teat lesions and injuries

Various models of:

Slitter, papillotome, lancet, dilator, extractor
Teat cannula, metal

Teat cannula, plastic, with plug

Local anaesthetic (without adrenaline)
Hypodermic needles: 1.6-2.5cm (5/8-1"") in 23 g
Elastic band, household (as tourniquet)
Antimicrobial, intra-mammary

Wound spray (e.g. Leukopor®)

Teat bandaging tape (e.g. Leukop0r®)

Soft tissue wounds
Wound protection during clipping (e.g. KY Jelly)
Wound irrigation:

Saline (min. 1 litre)

+0.1% Povidone antiseptic solution

Syringe, sterile, 30 ml

Hypodermic needle, 2.5cm (1"') in 199
Local block/IVRA:
Tourniquet

Local anaesthetic!

Syringe, sterile, 20-30 ml

Hypodermic needles: 2.5, 5cm (17, 2"") 19-21g
Bandage material and wound dressings (see Box 10.4)
Optional

Medicated ointments

Rumen tympany

Local anaesthetic

Hypodermic needles: 2.5cm (1"') in 21-23g
Scalpel blade, no. 22

'Without adrenaline for IVRA

Rumen trocar:

Screw-in (e.g. ‘Red Devil’)

or Cannula (12-15 cm length)

Suture for cannula, on cutting needle
Surfactant (e.g. poloxalene)

Optional
Probang and gag

Bull ring application

Rope halter (XL)

Nose tissue punch

Nose ring & locking screw

Antimicrobial, topical

For infra-orbital or infiltration block:

Local anaesthetic

Hypodermic needle: 2.5cm (1"') in 21-23g

Laparotomy/displaced abomasum/
Rumenotomy/umbilical hernia repair
Local anaesthetic

Hypodermic needles: 5cm (2) in 19-21g
or Spinal needles 75-90 mm (3-3.5"), 18¢g
Tubing, sterile, Luer-connector
Hypodermic needles for deflation:
2.50r3.75cm (1" or 1.5")in 169, 20g

Optional:
Sterile sleeve for ultrasound probe

Depending on LDA correction method:
Grymer-Sterner Toggle kit

Suture, redestdie) atlg; rigrettaigAt U $R—15 cm
(min. 300 cm length)

For rumenotomy:

Temporary anchor of rumen wall to skin:
Weingart frame, Steinman pins, stay sutures

For umbilical hernia repair
Prolene® mesh
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Box 10.8 Special diagnostic procedures.

General supplies Broncho-alveolar lavage/Tracheal wash
Clippers/razor & blades/curved scissors Syringe, sterile, 50 ml, catheter tip

Surgical scrub Saline, sterile, 50-100 ml

Gauze swabs/cotton wool (ideally phosphate-buffered)

Gloves, surgical, sterile Sample pots, sterile, plain & VTM!

Local anaesthetic

Hypodermic needle: Intra-nasal approach

2.5cm (1) in 21-23 g (local block) Local anaesthetic gel (e.g. xylocaine)
Syringe, sterile, 5ml Flexible tube, 40-50 cm, 810 mm OD

Flexible, tube, 90 cm, 5-6 mm OD
Cerebro-spinal fluid collection (lumbo-sacral)

Hypodermic needles, 5cm (2''), 20-21 g (calves) Intra-tracheal approach
Spinal needles, 9cm (3.5"), 18 g (adults) Hypodermic needle, 2.5cm (1”) in 12-14g
Syringes, sterile, 10 ml Tomcat catheter, 3-5 Fr

Sample pots, EDTA and plain, 2.5-5ml
Tuberculosis testing (intra-dermal)

Liver biopsy McLintock syringe, 1-22
Biopsy needle, 14 g (e.g. TruCut) Record or Schimmel Needles:
or s/s trochar, 4mm OD (e.g. Shoof) 0.4-1cm (5/32"-3/8"), 22 g
10 cm for calves, 25 cm for adults Needle adaptors & washers
Scalpel blade, no. 22 Spanner
Syringe, sterile, 20 ml (if using trochar) Skin callipers
Suture material, cutting needle Scissors (curved) or clippers
(or skin staples and applicator) Test chart or book
Needle holder Tuberculin (bovine +/- avian)
Suture scissors Holster belt
De-ionised water and syringe (to rinse blood off tissue sample) Cotton wool
Sample pots: Spirit-based disinfectant
10% buffered formalin (histopathology) Optional
Plain (mineral/heavy metal analysis) DNA tags and applicator

Antimicrobial (e.g. penicillin-based)

Re-sterilisation of instruments between patients:
Quick-action disinfectant (e.g. chlorhexidine gluconate) and
sterile saline

'VTM: Virus transport medium.
2Depending on whether comparative (avian and bovine) or single test is applied. Calibrated to deliver 0.1 ml tuberculin. For comparative test, also clear
identification of syringes (e.g. blue and red thumb knob).

Box 10.9 Biosecurity and personal care.

Sharps bin Disinfectant for boots and equipment, approved to required standard (e.g.
Clinical waste bags iodophor)

Cable ties Bucket and brush

Protective clothing (plus 1x change) First Aid kit

Gloves, disposable, non-sterile (e.g. nitrile)
Disinfectant for hands (e.g. chlorhexidine, povidone iodine)
Towels (paper or cloth)

Optional-
Knapsack sprayer
Goggles
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Figure 10.4 Caesarean-section kit, showing in a clockwise direction from top
left: nail brush; surgical gown; surgical gloves; tail bandage; needles and
syringes for local/regional anaesthesia; saline for irrigation; razor for clipping;
disinfectants for surgical site and surgeon (chlorhexidine, surgical spirit);
drape; intra-peritoneal antimicrobrials; local anaesthetic; instrument kit;
suture material.

bleach), rinsed and dried after every use. They must be reg-
ularly inspected for signs of mould or other contaminants,
the presence of which should trigger immediate disposal and
replacement.

In areas where blood parasites are common, anti-coagulants
to allow quick-response blood collection and transfusion are
also useful. Options include carrying sachets of sodium citrate
in crystalline form, to mix with sterile isotonic saline at the
point of use (for example 3.8 grams dissolved in 100 ml saline
for each litre of blood, or 15 grams of sodium citrate in 400 ml
sterile saline for 4-5 litres of blood). Alternatively, 5000 IU of
heparin sodium in 25 ml sterile isotonic saline per litre of blood
can be used.

Box 10.10 Record keeping and reference material.

Maps of practice area/satellite navigation system

Mobile phone (and charger)/RT-system

List of contact numbers (incl. police, government authorities,
slaughterman, veterinary poisoning service)

Drug compendium

Drug labels (+/- label printer, barcode reader)

Electronic recording device (e.g. laptop)

Paper visit recording forms

Pens

Reference books

Box 10.11 Vehicle equipment and care.

Vehicle documents

Driving licence

Fuel card

Contact for breakdown service

Spare wheel, jack, wheel brace

Tow bar/rope

Fire extinguisher

Hazard triangle/light/hi-visibility vest

Chilled compartment for temperature-sensitive drugs

Explanatory notes on obstetric equipment (Box
10.6)

For dystocia cases, both calving ropes and chains may be used.
Ropes tend to be less traumatic on both the calf’s limbs and vet-
erinarians hands. Having ropes of different colours in each set is
useful to clearly identify which rope has been applied to which
body part of the calf (e.g. red on right limb, green on left limb,
blue on head). A disadvantage of ropes is that they cannot be
effectively cleaned and disinfected on farm. Therefore, chains
are more useful in practice areas with seasonal calving patterns
and potential consecutive dystocia visits. Several models of chain
handles can be purchased. For ropes, handles can be manufac-
tured by cutting a household broomstick into three parts of equal
length, rounding off the ends with sandpaper. As knots in calving
ropes make placement difficult, the ropes are secured to handles
or calving aids using a clove hitch.



CHAPTER 11
The Practice Laboratory

Allan Kessell

Learning objectives

o To appreciate the range of tests and techniques that may be
usefully performed in-house, and the equipment required.

« To be able to perform some basic laboratory procedures.

« To be able to decide which tests/procedures will suit the
practice.

« To be able to design and equip an in house laboratory for the
practice needs.

Introduction

There has been, in recent times, a demand for the establishment

or expansion of the capabilities of the practice laboratory, and

for relying less on commercial laboratories. This may be due to

a number of reasons:

1 The development of in-house blood and biochemistry
machines with increasing capability.

2 The development of tests in kit form, based on ELISA or other
technologies, that are fast and reported to be accurate.

3 Possibly the increasing expectations of the veterinary public,
in concert with the increasing level of post-graduate education
available to the practitioner.

4 The aggressive marketing of companies that offer these test
modalities.

This is especially so in small animal practice, such that a large
percentage of practices may now have in-house haematological
and biochemical analyses delivering a comprehensive range of
test results, as well as some limited ability to examine urine and
faeces. However, when researching this chapter, I could find few
guidelines on setting up a practice laboratory for veterinarians
predominantly in cattle practice.

If your practice wants to set up a laboratory, there must be
careful consideration given to ensuring the quality of the results.

Precise and accurate results are useful; inaccurate results are not.
The most important component in a successful practice labora-
tory that generates quality results is the staff. At least one of the
veterinarians should oversee the laboratory, and preferably have
an interest in diagnostic testing and quality assurance (QA).

The practice laboratory should not replace the external accred-
ited laboratory. A close relationship between the practice veteri-
narians and the pathologists at an accredited laboratory is very
useful for both advice and guidance. The actual day-to-day run-
ning of the laboratory should be the responsibility of a trained
nominated person - usually a veterinary nurse. Ensuring qual-
ity testing should include a reliable QA program for all in-house
diagnostic testing and equipment.

Some in-house instruments come with internal quality con-
trols; those that do not require internal and external monitoring
QA systems. Maintenance of the laboratory equipment should
at least be in accordance with the manufacturers’ recommenda-
tions. Protocols for all laboratory procedures should be docu-
mented for reference, so that there is a standard operating pro-
cedure (SOP). Recommendations for laboratory SOPs have been
provided by:

» Royal College of Veterinary Surgeons Practice Standards
Scheme Manual,

o College of Veterinarians of Ontario Guideline: Ordering, Per-
forming and Interpreting Laboratory Tests in Veterinary Clin-
ical Practice

o American Animal Hospital Association, Accreditation.

In addition to the desktop analytical machines, portable
hand-held veterinary machines are available which can measure
blood gas, electrolyte, chemistry and haematology from 2-3
drops of whole blood in the practice laboratory or at cowside.
Depending upon the cartridge used they can provide values for
haematocrit, haemoglobin, BUN, creatinine, ionised calcium,
glucose, Na, K, pH, pCO, HCO; TCO, anion gap, base excess
and lactate. The results are available within a minute or two.
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My aim is to provide an overview for the practitioner, with
some practical information about the practice laboratory that
is hard to find in standard texts. I will cover: tests and tech-
niques that may be useful in clinical pathology; microbiology
and parasitology; the type of equipment required; and, finally,
some suggestions about planning the practice laboratory.

Clinical pathology
Haematology

Measuring the packed cell volume (PCV), total protein
concentration (TP) and fibrinogen concentration

Fill two haematocrit tubes with EDTA blood until each is
three-quarters full; wipe excess blood from the outside of the
tubes; stopper one end with plasticine.

Both tubes are placed in the centrifuge, with the stoppered end
against the outer rim, and are then centrifuged (see section 11.6
for information on speeds and times with various fluids). The
percentage of packed red cells (PCV) is measured, using the PCV
reader. One tube is then scored just above the bufty coat (bc) with
the edge of a glass slide. The tube is carefully broken here, several
drops of plasma are placed on the refractometer, and the total
plasma protein concentration measured (plasma latescence will
falsely elevate this reading; high plasma urea/glucose/cholesterol
will also do so, but to a lesser degree).

The other haematocrit tube is placed in a 55-57° C water bath
for three minutes (you can use a simple tap water bath), which
causes the fluid column to become opaque, due to precipitation
of fibrinogen. The tube is then re-centrifuged. This process
compacts the fibrinogen above the buffy coat (bc) layer (see
Figure 11.1). The fibrinogen concentration is then calculated by
measuring the height (to the nearest 0.1 mm) of the compacted
fibrinogen layer over the total height of the fibrinogen/plasma
layer, expressed as grams/litre (Millar et al, 1971). This is
illustrated in Figure 11.1.

This may be difficult, and prone to parallax error, so in our
laboratory we measure the protein content in the plasma, both
before and after water bath incubation, with the refractometer.
The difference between total protein before and after incubation
is also a good estimate of fibrinogen, and possibly easier to
perform.

Calculation: method 1

Fibri (g/L) = length fibrinogen (mm)
rimosen s ~ length fibrinogen + plasma (mm)

= AB X 100
AC

Calculation: method 2
Fibrinogen (g/L) = plasma total protein before heating -
plasma total protein after heating

A B C
|bc| Fib [ Plasma |

|| PCV

PCV = Packed cell volume;
Bc = Bulffy coat;
Fib = Fibrinogen (precipitated after heating and spinning down tube)

Figure 11.1 Calculation of fibrinogen.

Haematology machine

Total white cell count (WBC)

Most modern machines use impedance and/or laser technology
to count cells. These machines can provide an accurate total
white blood cell (WBC) count.

Differential white cell count

There is little information on the accuracy of in-house machine
generated WBC differentials using bovine blood, (Deprez et al.,
2009; Goldmann et al., 2011) but there is sufficient on machine
derived differentials in other species to indicate that a manual
differential is required (Wenger-Riggenbach et al., 2006; Becker
et al., 2008; Deprez et al., 2009; Welles et al., 2009; Goldmann
et al., 2011; Riond et al., 2011). Most private laboratories per-
form manual differentials in all common veterinary species,
even though much more expensive haematology machines are
available. The platelet count should also be done manually, or at
least the smear checked to validate the machine count (platelet
clumps at the end of the smear will invalidate a machine or
manual count, and likely indicate adequate platelets). The actual
PCV should be used in place of the calculated PCV (the haema-
tocrit), as it is more accurate. An examination of the blood
film, as well as providing a more accurate differential, will also
allow some comment on WBC toxic changes and RBC mor-
phology (including possible RBC parasites), and the presence of
abnormal cells.

Blood film preparation

A properly made blood smear is essential for an accurate assess-
ment of haematological changes. If there is a delay in processing
(more than four hours), or the blood is kept at high tempera-
ture (e.g. in the practice vehicle on a hot day), quite significant
degenerative changes can occur in the WBCs, resulting in mis-
classification of band and mature neutrophils. Under these cir-
cumstances, it is best to keep the blood sample cool, or preferably
make a blood smear at the time of collection.

A small drop of blood is placed at one end of the glass slide,
just above the labelled frosted end, and a ‘spreader’ (you may
use a clean glass slide) is placed just in front of the drop at 45° to
the slide. The spreader is then drawn back into the drop, and the
blood distributed evenly along the leading edge of the spreader
by using an up-and-down see-saw motion. The spreader is then
pushed in a smooth, controlled motion towards the opposite



end of the glass slide. If the correct amount of blood, correct
angle of the spreader, and even distribution of the drop along the
edge has occurred, the blood film should finish approximately
half to three-quarters of the way down the slide, and have a
well-formed ‘feathered’ edge at the end of the smear (which is
absolutely essential).

The blood film is dried quickly by waving it in the air. A hair
drier should not be used for this purpose, as the cells can be
damaged before fixing. The dried blood film is then fixed for
at least 30 seconds (can stay in fixative for a prolonged time
if busy), and Diff Quick stained. The stain is then washed off
immediately and the slide dried using a hair dryer, which should
take 10-15 seconds (this makes the slide available for immediate
viewing, and cuts down on RBC artefact).

This staining technique is used for all cytology, keeping in
mind that a monolayer of cells has to be formed to allow the
viewing of individual cells. With a blood film made this way, the
monolayer is just back from the feathered edge.

Using a Microscope: the basics to optimise performance

The distance between the two eyepieces is adjusted to the dis-
tance (mm) between your pupils. Each eyepiece may be individ-
ually focused (usually the right, with the microscope fine focus,
and the left directly on the eyepiece itself).

The sub-stage diaphragm is left up for stained slides, and vari-
ably down for unstained preparations (urine sediment, etc.), and
the iris diaphragm is usually opened.

The 40X lens is designed to view cells through a cover-slip.
Since all lenses can view through a cover slip (including the 100x
lens), a cover slip is placed over a drop of oil on the slide prior to
any stained examination. It is best to place a drop of immersion
oil over the area to be viewed first, and then apply and gently
compress a cover slip to spread the oil evenly.

The slide is examined by using the lowest power lens first
(4%, 10x, 20%, 40x), with a final examination at 100X (if
required - RBC/WBC morphology, bacteria in cytology prepa-
rations). The 100X lens is an oil immersion lens. After focusing
at 40, a single drop of oil is placed on top of the cover slip and
the 100x lens rotated into the oil for viewing. The reason the
100X lens is used last is that the 40X lens is the same length as
the 100X lens and, if it is rotated through the drop of oil while
changing lenses, the 40X lens becomes coated with oil, and
cannot then give a clear view of the slide. If oil is not immedi-
ately cleaned from the 40X, it can form a semi-permanent coat
and be very difficult to clean off; if left long enough, the lens
may be damaged. This is the usual reason why 40X lenses are
not useable in practice. Thus, the following simple protocol is
suggested:

o Always place a cover slip over a drop of oil prior to any stained
cytological examination.

« Always use the 100X lens as the last step in examination, by
looking through a single drop of oil on top of the cover slip.
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 Always wipe the oil off the 100X lens immediately after use,
being careful not to rotate the 40X lens through the oil. If
you need to re-examine at 40X after 100X, half-rotate the lens
head, wipe the oil off the 100X lens, remove the cover slip
with oil on top, and replace with a clean cover slip.

If you need to clean the 40X lens after oil contamination, use
fine tissue paper soaked in alcohol. If the oil has been on the lens
for some length of time, this cleaning will sometimes take up to
a minute of rubbing the lens with alcohol-soaked tissues.

Microscopic examination of a blood smear (Figure 11.2)

1 Feathered edge overview of slide (remember you already
have a cover slip on): peruse the feathered edge at 100-400x
magnification i.e. using 10-40x lens for platelet clumps (even
small numbers of clumps will invalidate any platelet count,
either machine generated or manual; if moderate numbers
of clumps are present, then platelets are classed as adequate).
Also, look for abnormal cells.

2 Monolayer (where RBCs are not quite touching): perform
WBC differential at 400-1000X magnification. Using the
battlement method, differentiate 100 WBCs (sufficient in
ruminant species for an accurate differential, although if the
animal is markedly neutropenic, you may wish to count only
25-50 WBCs and correct to 100%).

3 Monolayer: examine the morphology of RBCs and WBCs at
100X.

4 Monolayer: do platelet estimation at 1000X magnification if
no (or very few) clumps at end of smear.

Count number of platelets in five 1000X fields and calculate
the average/field.

For each 1/field = 20 x 10°/1 platelets.

e.g. you count 15, 20, 25, 21, 19 platelets in each of five fields;

average, 20/100x field;

platelet estimate = 20 X 20 = 400 x 10%/1

Biochemistry

The biochemistry machine

A large number of machines are available to the clinician for use
in-house. Again, most have been validated for small animals
and horses (Little et al.,, 1992; Pinches, 2006; Milne & Scott,
2006; Siska et al., 2011; Rishniw et al., 2012), with fewer for
bovines (Rishniw et al., 2012). In a recent comparison survey
of a large number of practice and commercial laboratory bio-
chemistry machines, using standard quality control material,
practice machines did not perform as well as the more expensive
laboratory machines, especially when measuring creatinine and
chloride (Welles, 2009). Instruments that were not calibrated
daily (some older in house instruments) did not perform as
well as those calibrated daily (e.g. IDDEX Catalyst and Abaxis
Vetscan). Older papers make reference to the unreliable nature
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1. Feathered edge (100x magnification)

2. WBC differential - in area where RBCs almost touching (400—1000x magnification)

3. RBC/WBC morphology (1000x magnification)

4. Platelet estimation (1000x magnification)

Figure 11.2 Model blood film (with exaggerated feather edge); see text for explanation.

of calcium results from the older VetTest instrument (Little et al.,
1992), but this was not confirmed in more recent assessments

(Rishniw et al., 2012).

Panels

There are some well defined profiles that are commonly used
in bovine medicine that could be performed in-house on both

in both ruling out some diseases and identifying others. These
are offered by private pathology companies at very competitive
prices, and often have the luxury (for which you usually pay) of
pathologists’ comments and interpretation.

Table 11.1 Tests than can be used to monitor metabolic/nutritional conditions.

individual animals and in herd investigations. In valuable
individual animals with poorly defined disease presentations,
a complete blood count and biochemistry panels can be useful

Test Cows tested Decision level; alarms
NEFA (serum) &b 2-14 days before calving >0.4 mmol/L;
- non-esterified fatty acids > 10% of group
Ketones (*serum) ¢ type | ketosis: 21-50 days in milk >3000/mmol/L
— B hydroxybutyrate (BOHB) type Il ketosis: 5-50 days in milk >1400 mmol/L; >10%
Urinary pH ¢ Pre-calving after >24 hours on anionic diet Optimal pH 6-7
Serum Ca 9 Immediate post parturient, as required < 2mmol/L
Ruminal pH 20 Lactating cows, about 5 to 150 days in milk

(dependent on feeding system) <5.5

Urea nitrogen in blood (BUN)
or milk (MUN)®-f

subacute ruminal acidosis
Lactating cows at any stage of lactation; measure
three hours after protein meal

<5.5; >25% of group
4.3-5.7 mmol BUN/L
240-330 mg MUN/L

alwerson et al. (2009),
bCook et al. (2006a),
¢Cook et al. (2006b),
dLe Blanc (2010),
€Qetzel (2004),
fRollon (2006).



However, there are some limited profiles that can be gen-
erated on in-house machines, reasonably accurately and in a
timely fashion. Such disease states include metabolic disease
(B hydroxyl butyrate-BOHB, Ca, Mg, phosphate, glucose);
myonecrosis (CK, AST - there is prognostic value in downer
cows in the degree of elevation); GGT for adequacy of colostral
transfer; renal function parameters (creatinine), especially
combined with knowledge of hydration status and urine specific
gravity. Additional analytes used may be total protein/albumin
(useful in inflammatory and protein losing states, to assess
degree of dehydration, severe hepatic disease and parasitism).

Most in-house machines do not offer GLDH and SD. If
hepatocellular necrosis is suspected, a commercial laboratory
can be used. The enzyme AST may be used (if offered on your
machine) if there is no evidence of muscle necrosis (normal CK)
or haemolysis. Most in-house biochemistry instruments do not
offer BOHB. However, hand-held meters that measure BOHB,
similar to those used for glucose monitoring in diabetics, have
been validated for use on bovine whole blood (Pinches, 2006).

Metabolic disease

Nutritional assessment: there are a variety of disease states in the
pre- and post-partum dairy cow that are often linked to imbal-
ances between metabolic demand and energy, protein or mineral
intake. These will be covered in detail elsewhere in this text, but
a variety of in-house or cowside tests may be used to monitor
these conditions (Table 11.1).

1 Metabolites that measure energy balance in transitional cows:

Non-esterified fatty acids (NEFA): taken in the last two
weeks of pregnancy, this reflects the magnitude of mobilisa-
tion of fat from storage, and as such will reflect dry matter
intake (DMI). Kits have been available in the past (DVM
NEFA test, Veterinary Diagnostics) that were reported to
give acceptable results and to be cost-effective in large herds
(Oetzel, 2004), but they are no longer available. Therefore,
serum has be taken and sent to an accredited laboratory for
this analyte.

Ketones: these are the intermediate metabolites of fatty
acids such as NEFAs, and will also increase in animals with a
negative energy balance. The gold standard test is the level of
BOHB in serum or plasma tested within the first two weeks
post partum (Iwerson et al., 2009). Tests are also available
for urine and milk, which are less sensitive and specific
(Table 11.2)

2 Measures of peri-parturient hypocalcaemia:

Blood calcium: clinical and subclinical hypocalcaemia
occur most commonly soon after calving, and the gold stan-
dard is serum taken in this period for serum-ionised Ca or,
more commonly, serum Ca. Serum-ionised Ca can be tested
cowside with several hand-held instruments, although these
have been designed for use with humans and have not been
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validated in bovines. Many in-house biochemistry machines
will accurately measure serum Ca, but it is also worthwhile
testing serum albumin at the same time to check for the
likelihood of a true hypocalcaemia (approximately 50% of Ca
is associated with albumin, and thus low albumin states can
result in low total Ca, but not low ionised Ca).

Urinary pH: determination of urinary pH can be used
on a herd basis to monitor the efficacy of anionic diets fed
pre-partum in an attempt to limit the development of clin-
ical and subclinical hypocalcaemia. A urine pH of 6-7 is
associated with a low risk compared with higher pH values.
Measuring urine pH with narrow-range (scale of 0.3 unity
of pH) pH indicator paper is usually sufficient, although a
calibrated portable pH meter is more accurate and, therefore,
preferable (Rollon, 2006).

Urea nitrogen (UN)

Blood urea nitrogen (BUN) or milk urea nitrogen (MUN) are
closely related, and are indirect measures of protein and energy
nutritional balance in lactating cows. Cows with high BUN con-
centrations are a risk factor for infertility and body condition
score loss, due to the energy cost of detoxifying excessive rumi-
nal ammonia into urea by the liver. In-house machines can per-
form BUN or urea tests. The conversion relationship of mmol/L
and mg/L is that 1 mmol/L urea = 28 mg/L BUN. Monitoring
bulk milk has been suggested, as long as wet chemistry is used
(Cook et al., 2006a; Rollon, 2006). Most in-house biochemistry
analysers use dry (not wet) chemistry, and I know of no in-house
machine validated using milk.

Cytology

Cytology can be useful to diagnose the presence, and sometimes
the cause, of inflammatory lesions. It is often used when inves-
tigating mastitis and abscesses, but may also be used as part of
a fluid analysis when inflammation may be suspected (e.g. peri-
tonitis, pleuritis). The secret of a good cytology preparation is
the creation of a monolayer that is properly stained, as with the
preparation of a blood smear. Staining preparations with Diff
Quik is adequate to demonstrate an inflammatory cells, although
additional staining with gram stains allows the morphology and
gram reaction of any bacteria to be identified.

Urinalysis

A complete urinalysis requires gross examination, urine specific
gravity (USG), dipstick chemistries and unstained sediment
examination. The dipstick chemistries are often used cowside
(e.g. ketones (BOHB)). The strips that indicate a USG range or
inflammation are not accurate for these analyses in animals.
The USG is best measured with a refractometer, and WBCs
by sediment examination. If there is a delay in processing the
sample, it is best kept cool to preserve cytological features.



102 Bovine Medicine

Table 11.2 Performance of cowside tests for detection of subclinical ketosis (after Le Blanc, 2010). Reproduced with permission of Society

for Reproduction and Development.

Blood Milk

Urine

Precision XTRA?
(Medisense Abbott)

Preferred test

Keto-test (BOHB)P
(Sanwa Kagaku Kenkyusho Co.)

Ketostic (AcAc)Pd
(Bayer)

Sensitivity 87-93% — at 100umol/l on strip: 83%" - ‘small’ level, when read after 5 sec
— at 200umol/l on strip: 30° — 54%" 79%; 4-90%°¢
Specificity 93-100% — at 100 umol/l on strip: 82 %" 96%
— at 200 umol/l on strip: 94%"
:98%?
Approximate cost $3/test $2/test $0.25/test
Meter $40

Comments BOHB strips more accurate in

bovines than glucose

—some powders lack sensitivity and
are not recommended

— colour change assessment may be
subjective, and prone to error?

— typically only induce 50% of cows to
urinate

— Acetest lacks specificity

—1[AcAc]—] sensitivity©

$=USA (2010);
alwerson et al., 2009;
bQetzel, 2004, 20;
“Rollon, 2006;
dCarrier.

Often in cattle practice, the sediment examination is not com-
pleted, but it can be useful in cases of haematuria, pyuria or crys-
talluria. It requires spinning down 5 ml of urine, discarding 90%
of the supernatant, and re-suspending the sediment button in
the remaining fluid. A drop is then placed on a slide under a
cover slip, and examined with 10X and 40X lens (unstained, so
drop the condenser) for RBCs/WBCs (< 5/40x field), casts (<
2/10x field) and crystals. More details can be found in the text
references at the end of the chapter.

Microbiology

Conventional microbiology

Mastitis investigations are achievable in-house, but require
an incubator, media to isolate organisms, and a small range
of tests to identify the most important bacterial pathogens.
Five organisms cause the majority of udder infections, and a
flowchart (Figure 11.3) is provided to assist in working through
what is required for accurate identification. A good text on
veterinary microbiology (see text references), basic instructions
on aseptic sample collection, plating, and use of the inoculating
loop is required. Unusual or less common causes of mastitis will
require the services of an external accredited laboratory, as may
antimicrobial sensitivity testing.

Gram stains are essential to subdivide bacterial species into
two broad groups (positive and negative), and they may be
used, along with cytology, to demonstrate the presence of
a bacterial organism associated with inflammation. I have
concentrated on the work up required to identify common
mastitic organisms here (Figure 11.3). If wider investigations

are envisaged, appropriate texts should be consulted and pro-
fessional advice sought. It is important to note that if in-house
microbiology is planned, aseptic technique, proper handling
and disposal of materials and cultures is required, and state and
country laws should be followed. Antibiotic sensitivity testing is
outside the realm of most in-house laboratories, and should be
referred to an accredited laboratory.

Tests for mastitis culture (see flowchart, Figure 11.3)
There is a lot of information on the internet for all these tests,
including live demonstrations. Suppliers will vary, depending
on where you practise, but all these test materials are widely
available.

Catalase test: the presence of this enzyme can be demonstrated
by placing a drop of 3% hydrogen peroxide (purchased at any
chemist) on a slide, and mixing into it a portion of a single bac-
terial colony you wish to test. If the catalase enzyme is present, it
will cause the formation of oxygen from the hydrogen peroxide,
resulting in a visible bubbling of the mix (catalase positive).

Oxidase test: used to determine if a bacteria contains
cytochrome oxidase. The test uses either a disc or strip of
filter paper impregnated with an indicator system (keep in the
cool part of refrigerator between tests), which turns blue to dark
purple when smeared with the bacterial colony:

« wet paper with about 1-2 loops of water;

« transfer and rub into wet area a single colony of bacteria;

o wait three minutes: positive = area becomes dark purple; neg-
ative = area remains uncoloured.

Lancefield grouping: used to demonstrate the type of group
specific cell wall polysaccharide antigen (C-substance) in
pathogenic Streptococci spp. Commercially available latex
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AMilk—Plated on to McConkey’s Agar® and

) b
AGrowth on McConkey Sheep’s Blood Agar (SBA)
Agar?
- Agram
~ +ve cocci -ve rods Enterobacteriaceae
b "| or Pseudomonad
PN |
ASlide Catalase Enterococcus "oxidase
\j\ +ve rods -
Pseudomonad= Enterobacteriacea
Staph Strepto coccus sp. refer culture
I
haemolysis Enterotube 11
v
n Speciation
= - eg. *E.coli
presumptive Presumptive Lancefield
group Klebsiella
non coagulase *S.aureus
Staph.
*S.agalactiae
S.dysgalactiae *S.uberis
v
Branching/slow growing/ Fast growing stout Slow growing
Partial acid fast rods Coryneform
v y A
Presumptive Presumptive Presumptive
Nocardia sp. Bacillus sp. A.pyogenes

*Most Important Species, ATests used, ®McConkey’s Agar is a selective media for Gram-
negative, enteric bacteria, "Sheep’s Blood Agar is a non-selective media, good for culturing
many bacterial species including Gram negative and Gram-positive species including
Staphylococci and Streptococci

Figure 11.3 Flowchart for mastitis culture.
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agglutination test kits are available, which will contain group

B and C antisera coated onto latex spheres. These tests are not

difficult to perform, and come with full directions.

Enterotube II test (Becton-Dickinson and Company): this
test is easy to use, but there are a number of test kits available
that may be used to speciate the Enterobacteriacea. The test
chamber is divided into a series of smaller chambers containing
media with different sugars/indicators, which are inoculated
from a single bacterial colony using the supplied wire loop. Air
is let into some of these chambers and the unit is incubated for
approximately 24 hours at 37°C. The resulting colour changes
allow speciation of the bacterial colony. The test system comes
with full instructions and tables.

Slide coagulase: coagulase is a protein that enables the con-
version of fibrinogen to fibrin, and as such requires the use of
plasma (usually rabbit). It is used here to identify S. aureus more
definitively than using just the pattern of haemolysis around the
colony alone. It is optional, but advised.

Gram stain method:

« Make smears of tissue/fluid/colony on a dry slide and allow to
air dry completely.

o Only heat fix if a smear is from a colony from a culture plate;
tissues/fluids contain enough protein to ‘stick’ the material to
the slide and do not require heat fixation.

o Stain with 1% Crystal Violet solution (30 sec), rinse in tap
water and drain.

« Stain with Lugols iodine solution, rinse in tap water and drain.

« Rapidly decolourise by dripping acetone/alcohol decolouriser
over angled slide until all blue colour is removed from the
slide.

o Immediately wash thoroughly in running tap water (you do
not want to over-decolourise)

« Counterstain with 0.25% Safranin (1 min), rinse in tap water
and drain.

o Dry with hair dryer and examine under microscope.

Test Kits

For the bovine practitioner, kits that test calf faeces for potential
pathogens are attractive from a cost and time point of view. The
positive and negative predictive value of these tests will depend
on their sensitivity, specificity, and prevalence of the disease in
the population being tested. The sensitivity and specificity will
depend on the detection limit of the ‘gold standard’ used to cal-
culate them, and can thus vary from study to study. Choice of test
will also be dictated by its proposed use, either as a screening test
(high sensitivity required) or a diagnostic test (high specificity),
as well as frequency of use and cost.

It will be important to research impartial evaluations of the
test being considered, and sometimes claims by manufacturers
may be based on small sample numbers and/or less sensitive
‘gold standards’ than some impartial evaluations. Recently,

reverse transcriptase PCR (RT-PCR) and real time reverse

transcriptase PCR (qRT-PCR) have become the gold standards;

the latter is quantitative and more sensitive, and it is important
to keep in mind that these techniques are detecting genetic
material, not proteins (as with the ELISA tests).

It is also advisable to check with the pathology laboratory you
are using - some laboratories will have highly sensitive and spe-
cific tests, such as qRT-PCR assays/multiplex PCRs, which offer
better accuracy and possibly cost benefit when testing for com-
plex disease states. Space does not allow an exhaustive list or
review of all kits available. However, some examples are offered
which may be helpful:

o K99 E. coli: test kits are available that use ELISA, and LAT.
ELISA has been used for some time and has a similar per-
formance to bacterial culture between 1-6 days old (van
Zijderveld & Overdigk, 1983). The LAT is usually simpler,
easier, and quicker to perform, and in clinical cases is said to
give reliable results when compared to the ELISA because of
the large number of organisms usually excreted (Nussbaum
et al., 1999).

« Coronavirus/Rotavirus: these are often tested together with
a number of assays available. ELISA and LAT may be used
in-house . In one study (Zijderveld and Overdigk, 1983), LAT
and ELISA were compared to RT-PCR for coronavirus and
rotavirus. They showed a high specificity (96.4% and 95.3%,
respectively), but a relatively low sensitivity (60.0% and 71.9%
respectively). In contrast, another recent paper that compared
ELISA and LAT with qPT-PCR for coronavirus and rotavirus
(Izzo et al., 2012), reported low sensitivity and specificity, as
well as low positive and negative predictive values, and ques-
tioned its use for diagnostic samples.

o Crytosporidium: Acid-fast staining (AF- Kinyoun method)
may be used to demonstrate the presence of Cryptosporidial
cysts in calf faeces, but is not as sensitive as immunochromo-
graffic/latex agglutination (LAT). In-house testing may use
AF and LAT techniques, which are often compared with the
gold standards of floatation sedimentation staining (SF) and
PCR. (Nussbaum et al., 1999; Paul et al., 2009; Klein et al.,
2009). All tests are reasonably specific (> 92%), but sensitivity
varies. One paper reports a sensitivity of 65% and 82% when
AF and SF are compared to PCR as a gold standard (Paul
et al., 2009); another paper reports a sensitivity of 100% for
the LAT when compared to SF as the gold standard (Klein
et al., 2009). This would suggest that LAT would be the
in-house test of choice.

o Multiple test strips are available that use faecal samples which
can test for Cryptosporidium, parvum rotavirus, corona virus,
E. coli (K99) in outbreaks of calf diarrhoea.

« Bovine viral diarrhoea antigen snap test kits are now avail-
able (IDEXX SNAP® BVDV Antigen Test), which help to
identify BVDV-infected cattle. This kit can use both serum
and ear-notch tissue samples.



Parasitology
Faecal worm egg count (FEC) method

Introduction

Following is a simple method for performing a FEC on bovine
(or ovine) faeces. Most methods make use of a set amount of
faeces, mixed thoroughly with a saturated salt solution so that
the eggs are, theoretically, evenly spread throughout the resul-
tant faeces/saline suspension. This suspension is then quickly
sub-sampled (before the eggs start floating to the top) and loaded
into a standard counting chamber, which is left for ten minutes
so that all the eggs have floated to the same plane of examination
in the chamber. The number of eggs in a set area of the chamber
are then counted and multiplied by a dilution factor to calculate
the number of worm eggs/gram of faeces (FEC).

Equipment needed

1 A jar that holds 60 ml comfortably, with marks on side at 30
and 60 ml (yellow top urine sample jar may be used)

2 An open ended 10 ml syringe (fill with 3 ml - 3 g - of faeces)

3 Some saturated salt solution. This will have a specific gravity
(SG) of 1.18-1.20. Preparation: heat water to below boiling,
stir in salt until no more will dissolve (some will start settling
at the bottom of the container). After the salt has settled and
the solution cooled, check specific gravity (100 ml of solution
should weigh between 118-120 g).

4 A 1 mm mesh insert, shaped to sit into the jar approximately

one-quarter the way down (at about 50 ml).

A stirrer/mixer.

A 1 ml disposable pipette.

A Whitlock universal four-chamber counting slide.

A microscope.

NN

Procedure:

1 Place 3 g of faeces in jar.

2 Add 30 ml of salt solution.

3 Mix gently until you have an even suspension (vigorous mix-
ing will result in too many bubbles).

4 Add salt solution to 60 ml mark, and evenly re-suspend fae-
ces/solution mix (i.e. have 3 g of faeces evenly mixed in 57 ml
of salt solution).

5 The next step must be done quickly, so that the eggs do not
start to all float to the top of the suspension. Place the mesh
into the jar so that the top part of the fluid is free of faecal
debris. Pipette off approximately 0.5 ml of this fluid, expel air
from the pipette, and load the Whitlock chamber by placing
the tip of the pipette against the front opening of the chamber
and gently squeezing the pipette bulb.
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6 Allow ten minutes for the eggs to float to the top of the
chamber.

7 At 4X magnification, count all eggs (number = a in calcula-
tion below) within the grid lines of the chamber; lowering the
condenser will improve contrast.

8 Calculate eggs/gram of faeces =
number of eggs counted X total volume

a X 60
- = = 40a
volume counted X weight of faeces 0.5%3
i.e. FEC = 40a.
Reproduction

There are test kits available to measure milk progesterone
concentrations which can be used in the clinical laboratory or
cowside. One type of test consists of a dipstick that is dipped
into milk and develops a colour change result in five minutes,
indicating a high or a low progesterone concentration (Rapid 4,
Ridgeway Science).

The IDEXX Bovine Pregnancy Test detects pregnancy with
99.3% sensitivity and up to 95.1% specificity (provided the
cow is at least 60 days post-calving and at least 28 days post-
conception). This ELISA test detects the pregnancy-associated
glycoproteins (PAGs) in serum or plasma EDTA, and a visible
colour change provides the result in 2.5 hours. This test can be
performed in the practice clinic.

General laboratory equipment

Microscope

This is a major purchase, but a good microscope encourages use
and is a pleasure to look through. The microscope should have
a binocular head, with iris diaphragm and sub-stage condenser
matched to the lens (especially the 100x), a halogen or LED
light, a genuine course and fine focus that operates through
totally metal gears, and a minimum of four lenses (4X, 10X,
40%, 100x). The minimum acceptable lens quality is achromatic
(colour-corrected), and should be DIN standard (which allows
the use of lenses from other brands). It is well worth considering
upgrading the 40X lens, as this is the lens used most often for
cytology/haematology. Basic achromatic lenses have only the
central 60% of the field in focus, which can be irritating and
frustrating when using the 40X lens. Semi-plan achromatic
lenses have 80% of the field in focus, and plan-achromatic 100%
of the field in focus. Upgrading the 40X lens can be expensive,
with plan achromatic lenses costing between £400-650.

Good microscopes can be purchased for less than £3000 (often
with all lenses plan achromatic) and, with proper care, will last
a lifetime. Recognised brands are often more expensive, but are
likely to last longer, be of better quality and have better service
support. New base level (‘student’) models suitable for in-house
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labs will generally cost around £2000 (these might have the fully
plan achromatic 40X lens). Care should be taken if considering
purchasing second hand - there is a risk that gears, lenses, etc.
may be damaged.

Centrifuge

If you plan to spin down fluids (urinalysis, fluid analysis etc),
as well as performing PCVs, centrifuges with interchangeable
heads (one for haematocrit tubes and one for fluid tubes) are
available. Acceptable sturdy models are on the market for
approximately £1000. If these are operated in a small area, or
where excess noise is to be avoided, the more expensive models
are usually quieter. You may also consider a separate bench
for this machine- they can be associated with considerable
vibration.

Haematology consumables

o PCV reader, haematocrit tubes, plasticine.

« Glass slides (double sided frosted one end), pencil.
o Romanowsky stain variant (e.g. Diff Quik stain).
 Hair dryer.

« Cover slips, oil, tissues; alcohol (for cleaning lens).

Cell counter

Capacity for five different cell types and total are adequate.
These allow recording of a cell differential when counting cells
in blood or fluids. Manual machines are available (approxi-
mately £300), while digital are more expensive (approximately
£1000), although I have seen phone apps adapted for this use.

Haematology and biochemistry machines

This is often the most expensive piece of equipment if purchased
outright, but rental and leasing options are also available; all
have advantages and disadvantages (Jaros et al., 2007). A range
of technologies is available (e.g. impedance versus optical for
haematology, wet versus dry chemistry for biochemistry), but
several brands of machine now on the market offer acceptable
operational accuracy, and no one recommendation can apply in
all situations.

The purchase of these instruments must come with a cost ben-
efit analysis that takes into account: the number of samples pro-
cessed; provision for individual tests, as opposed to packaged
profiles; a comparison of cost/sample and turnaround time using
the proposed machine compared to an external laboratory; pro-
vision of standard operating procedures (SOPs); operator time
and expertise; lost revenue with out-of-date reagents (biochem-
istry machines are often programmed not to read these); and the
provision of some sort of reliable QA.

Incubator
If bacterial culture is considered. Most basic models allow tem-
perature adjustment (you will usually be culturing at 37°C).

Microbiology consumables

These include: sheep blood agar, McConkey’s agar, disposable
inoculation loops, Bunsen burner, disinfectant pots, H,O,, oxi-
dase strips, rabbit serum (for coagulase), gram stain set, Lance-
field kit.

Refractometer

These are relatively inexpensive, at approximately £200, and
allow an estimation of total protein in serum, plasma and
peritoneal fluid, as well as USG using a single drop of fluid on
the prism. Those that allow temperature correction and include
different USG scales for feline and large animals/canine, are
preferred.

pH meter

For the best results, ruminal fluid pH should be determined
using a pH meter operated at room temperature. They are
inexpensive and highly portable. They are battery operated and
include calibration solutions. There are many on the market,
they are inexpensive, and they can be used cowside with instant
results.

McMaster slide for FEC

Commercial sources of McMaster slides:

1 Chalex Corporation 5004-228th Ave SE, Issaquah, WA. USA
98029, http://www.vetslides.com/

2 Focal Point, Mr. Eddy Krecek, St. Kitts, West Indies
http://www.mcmaster.co.za/ email: eddy@mcmaster.co.az

3 Prof. Antanas Vysniauskas, M.Marcinkevi¢iaus N°, 17-14,
Vilnius LT-08412, Lithuania, Cell phone +370-618-24502,
email: n.vysniauskas@gsm.It.

Centrifuge time/speed needed for different
fluids

To calculate the speed (RPM) of the centrifuge for any particu-
lar fluid, you need to know the radius of the centrifuge, and the
recommended RCF (g) and time spun for that fluid.

To measure centrifugal radius, find the centrifugation centre
of the rotor. Measure out to the point where the bottom of the
tube will sit at full revolution (take into consideration swing-out
rotor versus fixed angle). To calculate RPM from RCF:

RPM = \/ RCF
1.118 X 107® x radius (mm)

For example, centrifuge A has a radius = 160 mm.

So long as you know the centrifugal radius (160 mm) and the
RCEF (see list below), you can calculate the required RPM for any
centrifuge rotor.


http://www.vetslides.com
http://www.mcmaster.co.za
mailto:eddy@mcmaster.co.az
mailto:vysniauskas@gsm.lt
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Suggestions for laboratory layout:

Microscope/computer workbench — this should have an absolutely dedicated space, with
comfortable, adjustable seating, and an open space for legs under the bench to encourage
comfortable use (sitting, not standing). It should also be on a bench separate from the work
bench, as ideally it is at a lower height than workbench (750 mm vs. 920 mm), and so that
vibration from other machines (e.g. centrifuge) does not affect their functioning.

Haematology and biochemistry machines — they are often designed to work side by side, and
print to a common printer. The footprint of these machines needs to be taken into account, as

does power supply, waste disposal, and storage space for supplies.

A dedicated laboratory refrigerator/freezer is required, with space for holding samples,

storing reagents/consumables.

Cytology/urinalysis/microbiology workspace — an area where kits may be used, plating
bacteriology, PCV/TP, fibrinogen, gram/Diff Quik staining, etc. is done. This is best placed to
one of side of the sink and covered with disposable placticised white paper (used to create a

disposable clean worktop).

Parasitology — this area can become contaminated and is best placed in the corner, again with

plasticised work top.

Incubator — this is best placed next to the workspace.

Centrifuge — if possible, this should have its own bench, to lessen the effect of vibration on other

instruments.

Figure 11.4 Plan of laboratory.
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Recommended centrifugation speeds for particular samples
are then calculated for centrifuge A, using the recommended
RCF (g) and time for fluid type:

« Peritoneal fluid: 5 min @ 200-400 g = 1000-1500 rpm

o CSF: 5min @ 200 g = 1000 rpm

« Synovial fluid: 5-10 min @ 500-1500 g = 1550-2700 rpm
e Urine: 5min @ 450 g ~1500 rpm

« Blood: 10 min @ 3000 g = 4000 rpm

Design of the practice laboratory
(Figure 11.4)

Decide on which tests your clinic will perform. This will vary
from clinic to clinic, and will depend on the mix of clients seen,
the expertise/interests of the clinic and the cost/benefit analysis.
1 Compile a list of equipment needed.

2 Plan the physical space to house the equipment. This is a very
important consideration, and one that is often overlooked.

Surgery, consulting, and radiographic rooms are all carefully
planned and, if the practice is to have a laboratory, it must be
given a dedicated space where one can work in comfort, free
from distractions.

Some basic considerations are:

Benches are best covered with stain-resistant material, avail-
able from cabinet/ kitchen companies:

o Standard laboratory work bench: 900-940mm high,

600 mm deep.

o Microscope bench: 750 mm high, 600 mm deep.

Adjustable height and back seating.

3 Adequate aisle width.

4 Storage areas: cupboards are best placed under the bench, and
frequently used consumables in drawers, or on narrow shelves
above the bench. Large stocks of chemicals are best placed in

=)

N

a secure area.

5 Water and sink: a large stainless steel sink with a movable
goose neck tap and hot and cold running water is required. A
staining rack can be placed over the open sink. Most in-house
machines will run on mains water, but check specifications
of both machine and mains water in your area, especially if
water with high mineral content is used.

6 First aid cabinet: most clinics will have some first aid facility.
Included should be a suitable eye wash apparatus.

7 Waste disposal: haematology/biochem machines may come
with dedicated receptacles for storing used reagents and con-
taminated water. Disposal of other materials will vary from
state to state, county to country, but must be considered. A
dedicated sharps container is required. Potentially infectious
samples, or culture plates, are best incinerated.

8 Power: does not generally require phase 3, but numerous
power points may be necessary. A UPS (uninterruptable

power supply) should be considered for some instruments if
there are frequent random fluctuations or interruptions to
the power supply.
9 Adequate number of data points: remember to think about
changing technology.
Ventilation/air conditioning: external windows should be
insect-screened. Some instrumentation requires a set tem-
perature range for optimal functioning, and freezing of fluid
reagents within machines may have operational and wear
and tear implications. Generally, temperature ranges between
15-25°C are acceptable for most instruments (and people).
11 Light: the laboratory must be well lit.
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CHAPTER 12

Safety: Handling and Restraint of Cattle

Mandi Carr

Learning objectives

« Understand how cattle behaviour can be used to facilitate the
movement of cattle.

« Understand how good design of handling yards will facilitate
cattle movement.

 Understand the important design features of a crush.

o Understand how head ropes and nose tongs may be used to
improve head restraint.

o Appreciate the potential hazards of handling cattle and how
risk of injury to handler and animal can be reduced.

Introduction

This chapter will highlight the facilities and restraint equipment
required to work with cattle, as well as highlight the important
behavioural characteristics of cattle that allow for easier han-
dling.

A summary into the design of cattle handling facilities is best
provided by Ohio State University (2002): ‘to get cattle to do
what you want takes knowledge of animal behaviour, access to
good facilities, and proper handling techniques’.

Understanding cattle behaviour

Understanding the principles of cattle behaviour through expe-
rience and training helps to predict the way that an animal will
behave in any given situation. The greater the handler’s knowl-
edge of cattle behaviour, the better will be their ability to predict
the animal’s responses. The better their ability to predict the ani-
mal’s responses, the quicker and easier the process will be, reduc-
ing the chance of injury to both animal and handler. Being able
to read the body language of an animal and predict its probable

response is one of the most important controls to reduce risk and
prevent injury.

Cattle are very social animals and if separated from other
animals, isolated animals will show clear signs of stress, includ-
ing increased heart rate, vocalisation, defecation and urination
(Rushen et al., 1999). Social order within a mob of cattle is
established and maintained by both aggressive and affiliate
behaviour. Aggressive behaviour includes lowering the head,
head-butting or physical contact with the body of another
individual. Bulls tend to vocalise, paw or rub at the ground,
or stand to make themselves look larger (turning side-on to
their challenger to display their full height and length). Affiliate
behaviour includes licking or grooming the neck of another
individual. Dominant animals tend to feed and drink first and
are often the animals which lead the mob through gateways and
into handling yards.

Cattle try to maintain other animals within their field of vision,
and have the ability to see threats from almost all directions with
their 330° panoramic vision. Cattle have slit-shaped pupils and
weak eye muscles which inhibit their ability to focus quickly on
objects. They have poor depth perception, resulting in refusing
to cross a shadow or a drain grate. They have sensitive hearing
and become stressed by loud noises. Cattle can be calmed by
scratching under the neck or behind their ears, both areas they
cannot reach.

Cattle will generally remain immobile when first threatened,
standing still to assess the situation. If frightened, their natural
instinct is to escape, fleeing from danger. Controlling the level
of ‘arousal’ and keeping the animal calm allows the handler to
remain in control of the animal and the situation.

The flight zone is the comfort zone around the animal; in other
words, the animal’s personal space. Penetrate the flight zone and
the animal moves away. Remain outside the flight zone and the
animal remains stationary. Flight zones vary between animals,
and may be 1-5m for dairy or feedlot cattle and up to 20-30 m
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for wild beef cattle. Understanding the flight zone of an animal is
essential for controlling the speed at which an animal moves. In
order to predict the direction in which an animal will move, an
understanding of the point of balance of an animal is required.
From the side, the point of balance is the shoulder. This means
that pressure applied from behind the shoulder will move the
animal forward. Pressure from in front of the shoulder will move
the animal back. From the front, the point of balance is the centre
of the head. To move the animal sideways, the handler must be
either side of an imaginary longitudinal line which bisects the
animal down the midline.

By alternating between entering and retreating from the flight
zone, and being in front or behind, to the left or right of the
point of balance, the handler can keep the animal moving in the
desired direction and at the required pace.

Handling facilities - the yards

Cattle yards should be designed to make maximal use of the
natural behaviour of cattle (Table 12.1). Individual yards should
be scaled down gradually in size towards the crush, and use a
flow-through design which allows cattle to be worked freely
without having to be forced. Allowing cattle to see each other
helps the flow of movement, and strategically placed cladding
can offer directional signals to the animals. The race should
lead to the crush in a straight line, so that cattle are invited to
the non-threatening view through the head bail. To encourage
cattle to enter the crush, cattle should be able to see at least 6 m
of unobstructed space beyond the crush. Incorporating a gentle
bend can encourage cattle to move toward the cattle they see
moving and disappearing. Yards that are poorly designed and
do not encourage a good flow of cattle will result in baulking
and an increase in the level of anxiety. This may result in an
increased risk of injury to animals and handlers.

Long, narrow handling pens, rather than large, wide pens,
make it easier to move cattle through the exit gate. Recom-
mended dimensions are 15-20 m long and 3.5-4 m wide, with
a holding capacity of 30-35 adult animals. A combination of a
curved race and a circular forcing pen, both with sheeted sides,
have been shown to reduce the time needed to move cattle by up
to 50% in Australia (Vowles & Hollier, 1982). Forcing pens are
most efficient when they handle no more that 8-10 cattle. The
race should be 660-710 mm wide for adult cattle and 510 mm
wide for calves, to avoid the animals turning around. For British
breeds, a fence height of 1.52 m has been recommended in the
UK, increasing to 1.67-1.83 m for Continental breeds (Grandin,
2009). A curved forcing race funnels animals into a race more
effectively than a straight-sided forcing pen.

Drafting gates at the front of the crush should be around
3m long, to offer a gentle angle to cattle exiting the crush.

Safety: Handling and Restraint of Cattle

Table 12.1 Principles of yard design.

Provide the appearance of clear space
Minimise distractions

Remove the need for the handler to be in direct contact with the
animal — incorporate a catwalk

Size of yards to match number of cattle in herd (minimum 1.5 m? per adult)

Ensure that gates shut easily and securely, can be fully opened and lie flat
against a fence line or yard panel

Use material that is strong enough to withstand the pressure from the cattle
that are being handled

Minimise noise and dust
Minimise points where limbs can be trapped

Incorporate a gentle bend to encourage cattle to move towards cattle they
see moving and disappearing (minimum radius 5 m)

Ensure adequate drainage but avoid slopes of > 5%
Ensure ease of access for trucks

Ensure adequate lighting — both natural and artificial
Avoid 90° corners

Incorporate a loading ramp angle of 15° and consider a horizontal docking
area at the end of the loading ramp

A cattle-free area around the crush should be designated as a
safe work area to prevent damage to equipment and injury from
loose cattle.

Loading ramps with an angle greater than 22° will create slip-
ping and should be avoided. Creating a ramp with a maximum
angle of 15° is preferable. A horizontal docking area of around
1.5 mlong at the end of the ramp will prevent cattle from slipping
as they are unloaded from the truck. A loading ramp should be
no wider than the width of the truck likely to use it. They should
be constructed of material that is not going to move when walked
on, and should not create excessive noise.

Handling facilities - the crush

For many cattle veterinarians servicing the cattle industry, the
crush is their primary worksite. A poorly designed, poorly
maintained, poorly built crush is a dangerous place. Add to this
poorly handled animals, and the situation can be horrendous.
Danger comes from the sudden and unplanned movement
of cattle in and around the crush, the environment (tripping
hazards, electrical hazards, slippery conditions due to rain or
mud, inadequate lighting), and the tiring repetitive nature of
the work. Choosing a crush involves consideration of the stock
to be restrained, the procedures to be performed, staffing levels
and experience, and cost (Beggs, 2009).
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A crush consists of the following basic parts:

o the head bail or front gate;
o the side gates;

« the vet gate or ‘kick gate’;
o the back gate;

« the floor.

The head bail, also known as the front gate, is located at the
front of the crush and is designed to restrain the animal by apply-
ing pressure to the neck. There are two types of head bails: the
walk-through bail, which allows the animal to travel forward
through the front of the crush after being restrained, and the
guillotine-type bail that requires the animal to be released from
the head bail and backed out before the front gate can be opened,
to allow the animal to move forward through the front of the
crush. Some head bails have the ability to incorporate a head
restraint which allows the head to be lifted and restrained. Block-
ing or baulk gates can be fitted to the front of both types of head
bails to prevent stock running through the head bail, should the
animal not be caught.

Cattle will struggle excessively in a head bail that chokes, or
that does not hold the head and neck in line with the back. If the
head is held too low, the animal tends to go down on its knees
and kicks with its back feet; the head held too high results in the
animal attempting to rear, with the back legs going down under
the body (Evans, 1986).

The control lever for the operation of the head bail can be
either at the front, at the back, or both. Preference for position
of the control lever is based on operator experience and skill
but, for single operators, it is often more convenient to have
the control lever at the back to avoid walking in front of the
animal that is being moved into the crush. It is reccommended
that control levers that release the head bail when it is under
pressure are used.

The side gate(s) allows for access to the side of the animal
for procedures such as vaccination, surgery, examination of the
lower limbs and semen collection, as well as drafting or release
of animals into side yards. The side gate should close to within
20 mm of the floor, to prevent the animal’s feet from slipping
laterally, and should have sheeted or closed rails up to at least
1 m above the floor in order to prevent the animal from kicking
laterally. Side gates should be vertical rather than v-shaped, as
narrow bases have been shown to cause cattle discomfort and
are more likely to cause cattle to lie down, becoming wedged in
the crush. Side gates that are split horizontally are advantageous,
as they allow access to the top or bottom of the animal inde-
pendently while, at the same time, preventing the animal from
moving sideways out of the crush. The lower level of the top gate
and the upper level of the bottom gate should be approximately
level with the animal’s stifle (750-800 mm from the floor), to

minimise the chance of being kicked while either the top or
bottom gate is open.

Side gates can be hinged at the front, the back, or both, but
must be able to be opened fully without being obstructed.
Removable panels within the side gates can be useful to allow
good access when animals are particularly fractious. The ability
to squeeze the side gates towards the animal, allowing various
sized animals to be restrained, is advantageous.

Locking mechanisms used on side gates are usually bolt
mechanisms which can be manually shut or ‘slammed’ shut
(they automatically lock when the gate is shut, but are opened
manually). They must be placed as far back from the end of the
gate as possible, to reduce the risk of injury from a fast-moving
gate opened under pressure, and they must be well maintained
to ensure that they lock securely.

The vet gate or ‘kick gate’ is an additional side gate behind
the main side gate that allows access to the back of the animal,
providing protection from being kicked or crushed, should the
animal escape from the head bail. It is essential for procedures
such as rectal examinations. The vet gate should be horizontally
split to the level of the stifle of the animal (750-800 mm), with
the lower gate sheeted, and a secure locking mechanism must be
used. The vet gate should be well maintained to allow for easy
opening and closing, to the extent that the lower gate should be
able to be ‘kicked’ closed.

The back gate serves two purposes: to prevent animals from
backing out of the crush when not caught in the head bail; and
to prevent animals in the race from entering the crush. The back
gate must be solid (so an animal cannot break it or a foot/hoof
protrude through it), sturdy (so an animal cannot open it), and
be of sufficient height so that an animal cannot jump over it. The
locking mechanism must ensure that the gate is secure in the
closed position.

The floor of the crush should be hard, non-slip and designed
for easy cleaning and drainage. Temple Grandin found the use of
v-shaped grooves to a depth of 2.5 cm, arranged in a 20 cm dia-
mond or square pattern, was effective to prevent cattle slipping
on concrete floors. A similar effect was found with 2.5 cm diam-
eter steel rods raised slightly above the level of a concrete floor.

Handling facilities - equipment

A rope halter is a basic tool of restraint for cattle. The nose loop is
made larger than the poll loop. The poll loop then placed behind
the ears, allowing the nose loop to drop down over the nose and
under the chin. The halter is then tightened under the chin. The
rope can then be secured to the side of the crush with a quick
release knot.



Table 12.2 Checklist for avoiding injuries when working with cattle.

Avoid handling cattle when
tired.

Know the cattle you are
working.

Keep the cattle calm and give
them time to adjust to the new
surroundings.

Assess the type of stock and
their behaviour.

Identify an escape route if
cornered.

Know the yards and check for
hazards.

Know how to operate the
crush.

Wear PPE.

A lack of concentration will increase the
risk of injury.

A percentage of the mob may be flighty
or aggressive, and may react differently
under pressure compared with others
within the mob.

Cattle need at least 30 minutes to adjust
when mustered into the yards (Jephcott,
2009).

Breed, age, sex, horns/polled, number in
mob, weather conditions (cattle can be
difficult to handle in cold, wet, windy
conditions).

Always keep an eye on what is going on
around you.

Identify stray posts, nails, bolts, gates,
shadows, bad smells (e.g. blood).

Head bail, side gates, vet/kick gate, back
slide gate.

Long pants, long-sleeved shirt, boots,

hat, sunglasses.

Practise good hygiene. Wash hands, ensure cattle are
vaccinated against leptospirosis, ensure

humans are vaccinated against Q fever.

A nose tong (also called a nose grip or a nose plier) clamps
the sensitive nasal septum and can severely restrict the move-
ment of the head. The nose tong has two round-edged prongs
that are inserted into each nostril. When closed, a space of about
3.5 mm should remain between the prongs, to avoid necrosis of
the septum. A rope applies tension to keep the nose tong in place.
The nose tong should never be tied, as the nasal septum can be
permanently damaged.

Avoiding injuries

Increased awareness of techniques for handling large animals
during occupational encounters, such as moving cattle more
calmly, being aware of surroundings, and ensuring that the
animal is properly restrained, have been suggested as a positive
means of reducing the incidence of large animal-associated
trauma (Grandin, 1999). Ensuring that equipment is properly
maintained, and clearing obstacles around the work area, are
actions that can also be taken to decrease the risk of injury
associated with cattle work (Table 12.2).
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Cattle have been previously shown to account for 23-72%
of injuries reported by veterinarians (Thigpen & Dorn, 1973;
Landercasper et al., 1988; Poole et al., 1999; Nienhaus et al.,
2005; Kabuusu et al., 2010). Injuries sustained in stockyards or
handling facilities accounted for the majority of these injuries
(82% of cattle-associated injuries to Australian veterinarians
were sustained in stockyards or handling facilities (Lucas et al.,
2013)). Injuries sustained included fractures, dislocations,
sprains, soft tissue damage and wounds, and were the result of
being kicked, crushed, struck or stood on by the animal. Muscle
and tendon injuries of the upper limb are the most common
injuries sustained, and injuries associated with performing
obstetrical procedures (mainly pregnancy testing) are the most
commonly reported injury. Lucas et al. (2013) identified that of
those veterinarians reporting serious cattle-associated injuries,
62% reported the use of some safety precaution at the time of
injury, ranging from the use of a crush, restraint, sedation or
personal protection equipment (PPE).

Conclusion

Knowledge of cattle behaviour is essential when designing cattle
handling facilities that save time and reduce stress for cattle and
people. There is no such thing as the ‘ideal’ yard, as it depends on
personal preference and the type of cattle being handling. How-
ever, there are certain features that can be included in the yard
design that will make the yards easier to work than others.
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CHAPTER 13

Herd Health Investigations in Cattle Practice

Cheryl L. Waldner and John R. Campbell

Learning objectives

 Understand how to define the problem.

 Understand how to investigate the epidemiology and clinical
characteristics of the outbreak.

« Beable to evaluate potential risk factors and identify key deter-
minants.

« Be able to develop recommendations for treatment, control
and prevention.

o Understand the importance of monitoring the outcomes to
assess the effectiveness of the intervention.

Introduction

Managing and dealing with disease outbreaks in cattle herds can
be a challenging proposition for the practising veterinarian. The
demands of practice often make it difficult for the local practi-
tioner to devote significant time to an outbreak when it occurs.
The herd manager may be frustrated and may also be unwill-
ing to invest more finances in a situation that has already had
significant losses. The practitioner needs an efficient, systematic
approach to outbreaks, in order to maximise the value of their
services to the producer and to provide an effective method of
dealing with and preventing future losses.

An outbreak is defined as an increase - often sudden - in
the observed number of cases of a disease, compared with
the expected number for a given place or among a specific
group of animals over a particular period of time (MacDonald,
2011). General strategies for managing outbreaks have been
presented by several authors (Schwabe et al., 1977; Kahrs, 1978;
Blood, 1982; Lessard, 1988; Ribble et al., 1998; Waldner, 2001a;
MacDonald, 2011). Others have developed guidelines for inves-
tigating specific disease problems and productivity shortfalls
(Wikse, 1988; Mickelsen, 1990; Wikse et al., 1992; Ruegg, 1993;

Wikse et al., 1994; Sanderson & Christmas, 1997; Waldner,
2001b).

The immediate goal of the practitioner is to take steps to min-
imise additional herd losses (Ruegg, 1996). After any necessary
actions have been taken to address the immediate threat, the
next step is to identify the factors that contributed to the devel-
opment of disease or change in productivity. The practitioner
must then determine which of these factors can be controlled
by management to reduce further losses and the risk of future
outbreaks. These objectives can be achieved by addressing the
following questions for each outbreak (W5: what, who, when,
where, and why) (Schwabe et al., 1977):

o define the problem - what and how much?

o identify groups for comparison — who, when, and where?

o evaluate potential risk factors and identify key determi-
nants — why ?

« develop recommendations for treatment, control and preven-
tion where appropriate with follow up to assess the effective-
ness of the intervention

Define and describe the problem: What? Is it
worth investigating? How much?

The first and most critical task early in the investigation is
to clearly define the problem (Ribble et al., 1998). The initial
complaint could include unexplained mortality; clinical disease
(Waldner et al., 1999; Gow et al., 2005); sub-clinical disease;
impaired performance and negative trends in productivity
(Waldner et al., 2001a, 2001b; Waldner, 2002); or potential pub-
lic health concerns related to food safety (Ruegg, 1996; Pritchard
et al., 2000) and environmental issues (Waldner et al., 1998).
The development of a case definition is an important step in
describing the problem. This case definition is critical when
comparing cases with non-cases, to determine the importance
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of potential risk factors for disease. This definition will be
re-evaluated and refined as more information become available.
The case definition can be very sensitive (identifying all possible
cases), such as ‘calves with diarrhoea that require treatment’,
or it can be more specific and detailed (identifying cases only
associated with the outbreak), such as ‘calves less than one week
old with watery diarrhoea and clinical evidence of dehydration’.
Case definitions can also include laboratory verification. A
simple, easily recognised and applied definition facilitates the
consistent reporting of cases by the herd owner, other farm
workers, and cooperating veterinarians.

After developing a working description of the clinical disease
or impairment in productivity, the practitioner must decide ‘how
much’, or define the extent of the problem. The answer to this
question will determine if there is a substantial problem, and the
level of effort and resources to allocate to the investigation. Herd
productivity and disease frequency are measured and then com-
pared to published benchmarks, historical expectations, goals of
the farmer, or to the performance of neighbouring herds (Wikse
et al., 1992). The appropriate benchmarks will vary, because of
economic constraints, physical restrictions, time and manage-
ment limitations. Confirming the existence and severity of the
problem will minimise any expenditure of time and resources on
the investigation of epidemics that do not exist (Lessard, 1988).

The nature and extent of the problem can be defined during
the herd visit by collecting a detailed history and examining
the herd records, animals, management, and environment.
Photographs can be particularly useful for recording subjective
observations, including body condition score and farm hygiene.
Changes over time can be monitored by comparing representa-
tive pictures from two different dates. All records should be in
ink, dated and signed. Record where and when the pictures were
taken, and include detailed voice narration on video describing
what was seen.

History and collection of herd records

Have the herd owner restate the presenting complaint and
encourage them to clarify the time sequence of events. Carefully
worded ‘open-ended’ questions allow the possibility of answers
not previously considered by the investigator. Unnecessary
industry jargon and scientific terminology should be avoided.
Each question should ask for one piece of information at a time,
and all questions should contain unambiguous time references
(Wilson, 1992). ‘Loaded” or ‘leading’ questions can suggest
that one answer is better than another, and bias the interview.
Referencing a prepared list of questions after the herd owner
has told their story can identify potentially important points
not covered in the initial disclosure of information.

A management history obtained with simple questions having
‘yes’ or ‘no’ answers provides limited and superficial infor-
mation on herd management practices. For example, asking
whether cattle are vaccinated for BVDV and IBR might seem

like a relatively straightforward question. However, the producer
answering ‘yes’ provides no information on what type of vac-
cine was used, when it was administered, and whether label
directions were followed.

The next step is to collect herd records that could provide
insight onto the current problem. Ask the herd owner for any
livestock-associated records which, in addition to breeding,
calving, treatment, and performance records, could include vet-
erinary service, supply, or drug bills, auction mart receipts, old
calendars, pocket diaries, calving books, feed and supplement
bills, financial records of animals bought and sold, and bulk
tank receipts showing somatic cell count and bacterial numbers
(Hancock & Wikse, 1988).

Raw data are often more reliable than summarised per-
formance measures. For example, the number of cows that
were pregnant and the number of cows pregnancy tested is
more reliable than a percentage pregnancy rate. Definitions of
production and health measurements must be clear and used
consistently throughout the investigation. Be consistent when
comparing findings from other investigators, as there is very lit-
tle standardisation of terminology or in methods of calculation.
For example, stillbirth has been defined both as ‘calves dead
within the first hour after birth’ (Waldner, 2005) and ‘calves
dead within 24 hours of birth’ (McDermott et al., 1991).

The initial exam: animals, environment

and management

Distant observations should be made of the group and individ-
ual animals before the animals are confined and restrained for
detailed exams (Radostits et al., 2000). A visual check of the herd
during feeding or grazing can be a valuable tool that should not
be overlooked. When animals cannot be confined, visual body
condition scoring can be successful from a reasonable distance,
and is comparable to palpation, except when cattle have long hair
(Wikse, 1988).

Climate, housing, population density and air quality are
potential determinants of disease risk and herd productivity
(Radostits et al., 2000). Historical weather data can be obtained
from local meteorological stations, if necessary, to confirm
herd owner observations. Specific observations for indoor
environments include: air quality and ventilation; sanitation
and hygiene; the type and condition of the flooring; the barn
cleaning and waste disposal system; stall design and dimen-
sions; bedding type and adequacy; the ease of movement for
both animals and attendants within the unit; and the adequacy
of the lighting.

Management is best assessed through repeated first-hand
observations. Very few of the disease problems important in
food animal practice require only the infectious agent to cause
substantial herd losses. Almost all outbreaks or sub-optimal
productivity problems result from a number of factors including
management. In some cases, the disease outbreak can provide



a unique ‘teachable moment’ for the veterinarian, to emphasise
the importance of management changes that were suggested in
the past and ignored.

Generate hypotheses to identify potential
causes for the outbreak by identifying
groups for comparison - Who, When,

and Where?

This is a good point at which to review and refine the case def-
inition and estimate the extent of the herd problem based on
initial observations. This step should be repeated as new infor-
mation becomes available. Given that there is sufficient evidence
to proceed with an investigation, the immediate goal is to iden-
tify risk factors that can be manipulated to resolve the outbreak
or improve herd production and profitability. The risk factors
over which management has control, and which can be altered to
affect disease rates or production levels, are sometimes referred
to as ‘key determinants’ (Wikse ef al., 1992).

The first steps in identifying these risk factors are to tabulate
and orient the available case data by time, place and animal
(MacDonald, 2011). This allows the investigator to determine
which groups of animals are affected (the host characteris-
tics, such as age, sex and breed), when they became affected
(time, particularly the date of onset), and where the problem
was reported (place or location of affected animals or groups)
(Radostits et al., 1994; Smith, 1995).

The investigator should collect all relevant available informa-
tion on the diseased animals, which could include: identifica-
tion numbers; age, sex, breed and colour; origin; feed and water
source; housing type; stage of reproductive cycle; lactation sta-
tus; parity; relevant clinical, pathological, or laboratory reports;
and processing, vaccination, and treatment histories (Lessard,
1988). Where herds are managed in distinct groups, much of this
information might only be available at the group level. Often, the
herd owner can describe the count and general characteristics of
animals in a pen or pasture group and the number affected, even
when there is no record of the specific animals affected. Infor-
mation should be collected for unaffected, as well as affected,
animals and groups within the herd (Lessard, 1988).

The temporal pattern of disease can provide important clues
about the origin of the disease (Lessard, 1988). The pattern of
disease can be described by plotting the time of onset of each
case in appropriate time intervals, against the number of cases
recognised in each interval (epidemic curve). The distribution
of cases can suggest whether the problem resulted from a single
point source exposure, or is caused by an infectious agent. For
example, an epidemic curve that has a relatively short time span
of new cases, and a dramatic upward slope, is consistent with
a point source exposure (Gregg, 1996). A less steep upward
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slope, followed by a more defined down slope and often one
or more additional peaks, can suggest a propagated infection
(Gregg, 1996). The location and identification of the first or
index case can also provide clues to the source of the problem.

Differences in where affected animals were housed and pas-
tured in relation to unaffected animals, the timing of group
movement between different housing facilities or pastures,
and the movement of individual animals among different
management groups, can also provide important information
(Lessard, 1988). A point map of the farm (Thursfield, 1995)
should include a sketch of housing facilities, corrals, pastures
(including details of cross-fencing), feeding facilities and water-
ing sources. Online mapping programs and aerial photographs
can greatly improve the ease and accuracy of location data.

Collect additional data to test your
hypotheses: necropsy, clinical examination,
sample collection

Necropsy examination

Detailed instructions for post-mortem examination will not
be reviewed here, as these are available from most diagnostic
labs, as well as other sources (Andrews, 1986). The results
from both gross and histological examination can be critical to
refining the case definition (Radostits et al., 2000). All available
cadavers should be examined when possible, as one or two
cases from a major disease outbreak might not be representative
(Ribble et al., 1998).The submission of samples to the same
laboratory, and a single pathologist, should improve commu-
nication, consistency of interpretation, facilitate comparisons
between individual cases, and identification of trends during
the outbreak (Ribble et al., 1998).

A consistent protocol for sample collection and a log of all
samples collected will minimise the risk of missing impor-
tant information. Tissues from all important systems should
be submitted for histopathology, rather than relying on the
gross evidence of abnormalities. Call the laboratory for any
non-routine samples to verify the amount, appropriate sam-
ple container, storage conditions, preservation, and shipping
instructions. Banking tissue samples for future analysis is appro-
priate if the factor to be analysed is stable for a known period,
and if costs of collection and storage are not prohibitive.

Use a camera to record gross pathological abnormalities. The
identity of the subject animal, the date, a size reference scale
marker, and the identity of the pathologist, should be included
in each photograph where litigation is an issue (Wobeser, 1996).
Inform the laboratory before sending the samples for potential
legal cases. Many laboratories have special ‘chain of custody’
protocol documentation that will assist you in ensuring that
any sample results will be admissible in court (Wobeser, 1996).
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There are several common errors that must be avoided in
‘medico-legal’ examinations (Jaffe, 1991; Wobeser, 1996),
including: incomplete examination; inadequate documentation;
delay in preparation of the report; failing to collect samples
for supplementary analysis; improper collection of samples;
accidental damage to specimens; confusion of artefacts with
important lesions; failure to consult with other experts; and bias
from too much emphasis on the case history.

Clinical examination of individual animals
Individual animals can be confined and examined during the
initial visit or later, combined with other routine processing
activities. An individual animal listing of identification, body
condition score and current reproductive status are particularly
important if the problem will require monitoring over time, or
there is potential for ongoing losses in the herd. The procedure
for detailed examination of individual animals has been well
documented and will not be reviewed here (Wilson, 1992;
Smith, 1995; Radostits et al., 2000). The animals examined
might include examples of early cases, severely affected, moder-
ate or mildly affected, and ‘normal’, or not apparently affected,
animals from the herd.

Refine the hypotheses and then collect
appropriate clinical and environmental samples
Laboratory examination of strategically submitted samples can
help rule out or confirm the diagnosis, monitor exposure to
potentially important risk factors, determine the necessity for
and appropriate level of intervention and, finally, assess the
success of control measures (Hancock ef al, 1988). The only
laboratory analyses that should be considered in most investiga-
tions are those where the results are likely to affect management
decisions directly (Hancock et al., 1988). Appropriate samples
might include blood, milk, faeces, urine, nasal and ocular
swabs, biopsies or tissue from slaughter animals or cadavers,
other fluids, feed, water, and soil.

Cost will often prohibit laboratory testing of every animal in
the herd. The most common approach to testing is to submit
samples comparing cases, and a sample of appropriate control
(non-affected) animals. Samples can also be submitted to com-
pare results between animals with acute and chronic disease, or
among animals from different age cohorts, management groups,
or history of exposure to some other risk factor of interest. The
required number of animals is based on:

(a) the acceptable degree of uncertainty in the final estimate;

(b) the expected prevalence, or, for continuous measurements,
the expected variation; and

(c) the size of the herd (Thrusfield, 1995; Cameron, 1999).

The number of samples required also depends on the question
being asked and the minimal important difference between
groups. If the number of cases is limited, there is an advantage
to having up to four controls for every case. Serum or sample

banking should be considered in order to minimise initial
laboratory costs (Moorhouse & Hugh-Jones, 1981).

The investigation of nutritional disorders has been reviewed by
Swecker and Thatcher (1988). Nutritionally related or toxicolog-
ical herd outbreaks are a common occurrence, and investigating
the nutritional history of the herd is a crucial part of many inves-
tigations. Expensive laboratory analysis alone will not determine
whether the nutrition programme is adequate for the type of ani-
mal and environment.

Before collecting any feed samples, have the herd owner
prepare an inventory of all forages, grains, and purchased
supplements. The samples submitted for analysis must be repre-
sentative of what is being fed. Collect, pool, and thoroughly mix
five to ten samples for grain or concentrate, and 20 individual
samples for hay or silage from each lot of feed before submis-
sion. Silage samples should be placed in airtight plastic bags,
stored on ice, and shipped to the laboratory as soon as possible.
Ask the laboratory to dry and grind the entire sample before
analysis (Swecker & Thatcher, 1988; Holland & Kezar, 1995).
Record the visual appearance and physical characteristics of the
feed observed during sample collection (Swecker & Thatcher,
1988). Toxic plants can be photographed and then collected and
dried for expert identification.

Obtain bottles for water sampling directly from the laboratory
where possible. Improperly cleaned containers can contaminate
the sample. This is particularly important for trace mineral or
organic analysis. Proper sampling technique, special preserva-
tives and rapid transportation are required for samples being
tested for potentially volatile components.

Evaluate your hypotheses using clinical findings,
herd records and diagnostic test results to
identify the ‘key determinants’ by comparing
groups within the herd - Why?

The analysis begins with organising and summarising the data.
A simple spreadsheet can list animal identifications and other
information such as breed, age, performance data, clinical exam
findings, laboratory results, and pen location or management
group. The first step is to characterise the problem using descrip-
tive statistics.

Groups should be identified within the herd, based on whether
or not the animal is a case, and the presence or absence of risk
factors determined by animal characteristics, time and location.
Comparisons between these groups can answer the final ques-
tion - why did the outbreak occur? Sometimes these compar-
isons will identify one or more key determinants for the disease
outbreak, or this process might suggest more questions that can
be addressed by obtaining further information from the herd
owner or additional laboratory testing.

Attack rate tables can be used to help organise the comparison
of different risk factors across groups. The attack rate is the
proportion of a group that is affected during a given period.
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Table 13.1 Partial attack rate for an abortion problem in a cow-calf herd.
Exposed animals (positive) Unexposed animals (negative)
Suspected Number Number not Total Attack Number Number not Total Attack
risk factors affected affected number rate affected affected number rate
(not (pregnant) (%) (not (pregnant) (%)
pregnant) pregnant)
Neospora antibody 122 160 282 43% 7 58 65 1%
positive: negative
— All cows
— Heifers 38 30 68 56% 2 9 11 18%
— Mature cows 84 135 219 39% 5 49 54 9%

The attack rate can be compared between those that are, and are
not, exposed to each individual potential risk factor. To easily
visualise this comparison across many different risk factors,
an attack rate table is used to help identify the exposures most
likely to be associated with disease. Alternatively, a table can
be constructed to compare the frequency of exposure to each
potentially important risk factor between case and control
animals. An example of an attack rate table, comparing the
attack rate for abortion between cows that were serum anti-
body positive and negative for Neospora caninum, is shown in

Table 13.1.

The importance of different risk factors can be objectively
compared by measuring the strength of the association between
each exposure and the outcome of interest or disease. Two
common indices used to measure the magnitude of effect are
the relative risk and odds ratio:

o The relative risk is the ratio of the attack rates (or cumulative
incidence or risks) of disease in the animals exposed to the fac-
tor of interest to the comparable value in those that were not
exposed. It is used in comparing to groups or cohorts, based
on their exposure history. If the relative risk < 1, then the
exposure is associated with a decreased risk of disease. If the
relative risk = 1, then there is no association between exposure
and disease status. If the relative risk > 1, then the exposure is
associated with an increased risk of disease.

o The odds ratio can be used to measure the association between
exposure and disease for any study type, but is the method of
choice for case-control comparisons. The interpretation of the
odds ratio is similar to that of relative risk.

Applying an appropriate statistical test to the comparison
between groups will minimise over-interpreting differences
between groups that could have been due to chance (Hancock
& Wikse, 1988; Gregg, 1996).

Statistical significance alone does not prove that the identified
risk factor is a cause of the outbreak (Schwabe et al., 1977;
Ruegg, 1996). For a risk factor to be considered a potential cause
of disease or sub-optimal productivity, the risk factor must

always precede the outcome in time. Other supporting evidence
for a causal association would include a relatively strong asso-
ciation between the risk factor and the outcome, a biologically
reasonable link between risk factor and outcome, evidence
of increasing effect with increasing exposure or that remov-
ing or decreasing exposure decreases the risk of disease, and
consistency of the reported association across different studies.

Develop recommendations, provide a written
report, and follow up to determine the
effectiveness of the intervention

The basic process of defining the problem, orienting the problem
by animal, time and space, and analysing the data, is common
to all outbreak investigations. The steps in this process may
occur in a different sequence, will often overlap, and parts of
the process may have to be repeated to successfully resolve
the problem. Incremental recommendations for control can
be provided throughout the investigation as more information
becomes available. Control options might include changes
to the environment, client education, quarantine of affected
and suspect animals, test and slaughter, mass vaccination and
treatment and, in extreme circumstances, herd depopulation
(Schwabe et al., 1977; Ribble et al., 1998).

A preliminary report should be issued shortly after the first
herd visit, with a final report after all laboratory analyses are
completed. The report must be designed for the intended audi-
ence. Most reports are prepared for the herd owner, but in some
cases will need to be accessible to a banker or a lawyer. The
report should be as direct and concise as possible (Gay, 1999).
The purpose of the investigation should be clearly stated, and the
results should be summarised using simple tables and graphs.
The action list for the herd owner should be clearly prioritised
and should include very specific details for any treatment and
management recommendations.

The report should provide a plan for follow up and future
monitoring. Many investigations are done retrospectively,
with insufficient information to reach definitive conclusions
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(Waldner et al., 1999). In these cases, protracted herd health and
productivity monitoring and occasionally planned follow-up
studies are required to address outstanding questions (Waldner
et al., 2001a, 2001b; Waldner, 2002). Where the effectiveness of
proposed control measures cannot be predicted with certainty,
one infrequently used but potentially invaluable strategy for
evaluating the effectiveness of control measures in the herd is
the randomised controlled trial (Perry, 1988).

The investigator must consider the potential for future litiga-
tion in all statements and recommendations. The report should
also present the risks of the recommendations, describe any
risks from the current problem to public health and, finally, pro-
mote realistic expectations of the results for any interventions.
If the disease is contagious, consider what risk the herd poses to
other livestock producers in the area, and consult with the herd
owner on minimising the potential for transmission beyond the
herd. If the exposure could potentially result in food residues,
contact the appropriate authorities for direction and advise
the herd owner of their legal and ethical responsibilities. If the
disease is potentially reportable, the appropriate regulatory
officials should be advised of the results of the field investigation
as soon as possible.

Summary

Because each outbreak and livestock operation is different, there
is no ‘recipe for success’ that will cover all possible situations
in the field. The approach outlined here does not have to be
followed in the order presented and, often, individual steps
are repeated many times before the information necessary to
implement a successful control process becomes apparent. The
introduced techniques will be sufficient in many investigations,
but some will require consultation with specialists, including
epidemiologists and laboratory diagnosticians.

The role of detective or outbreak investigator can be a refresh-
ing break from the routine of daily practice. The investigation
of disease outbreaks provides an opportunity for the herd
veterinarian to show the client the advantages of a herd health
programme and the value of a good record-keeping system.
Despite the benefits, the resources required for a thorough
herd investigation can seem difficult to justify. The decision
to conduct an in-depth investigation should depend on the
severity of the problem, the opportunity to control the current
outbreak and minimise the potential for future losses, and the
risk to other producers.
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CHAPTER 14

Diagnosis and Clinical Reasoning in Cattle Practice

Peter D. Cockcroft

Learning objectives

To be able to:

« describe which method of clinical examination being
used.

o describe hypothetico-deductive reasoning.

o describe the three principal methods of pattern recognition.

« understand deductive and inductive reasoning .

o understand abstraction and logic.

o appreciate that clinical signs can be considered tests with sen-
sitivity and sensitivity values.

o identify information needs in the diagnostic process.

Introduction

A five year old high-yielding dairy cow is three weeks
post-calving and presents with a history of a 30% daily drop in
milk yield over the past four days. The cow has a condition score
of 2.5 (range 0-5). The animal is slightly dull, but otherwise
appears normal by observation. You collect a urine sample
following manual stimulation of the perineum, and confirm
that the animal is ketotic by using a urine test stick with a ketone
patch. Percussion and auscultation with a stethoscope of the
left side of the body from elbow to the tuber coxae reveals a
consistent ‘ping’ over ribs 10-12. You diagnose a left displaced
abomasum with a high level of certainty. This is a familiar
scenario, but one that involves a complex series of clinical
reasoning steps that few of us could articulate easily.

An accurate diagnosis is usually essential to ensure that
treatment, control, prevention and the welfare of the patients
are all optimised. Diagnosis is a task of classification. It is the
determination of the disease, or diseases, producing the clinical
abnormalities in the patient. The process of diagnosis involves
two components; the identification of clinical abnormalities
and disease risk factors, and clinical reasoning that generates a

diagnosis or differential diagnoses. This involves sorting out the
most likely hypothesis or hypotheses (differential diagnoses)
from what is often a wide range of possibilities.

If the process of diagnosis is understood, the collection of
appropriate data is likely to be more efficient and clinical reason-
ing performed more effectively, with more accurate outcomes.
The aim of this chapter is to present some of the strategies and
concepts which may be used in clinical reasoning, and which
can direct the collection of additional information.

The diagnostic process

The steps in the diagnostic process are:

Step 1: Collection of data (clinical examination, laboratory
tests).

Step 2: The recall of possible differential diagnoses (hypothe-
ses).

Step 3: Ranking of competing differential diagnoses.

Step 4: Further investigations to enable differentiation of the
competing hypotheses.

Go back to step 1 if there are strongly competing dif-

ferential diagnoses. Go to Step 5 if the diagnosis is con-
firmed as a result of evidence strongly in favour of a
particular diagnosis.

Step 5: Closure

The clinical examination

The purpose of the clinical examination is to identify the clinical
abnormalities that are present and the risk factors that lead to
manifestation of disease in the individual or a population. Clin-
ical reasoning may be integrated within the clinical examination
and thus drive the scope and direction of the clinical examina-
tion. Further investigations may follow if there is insufficient
evidence for a diagnosis to be made with an accepted level of
certainty. The latter may be influenced by cost and the impact
of the diagnosis.
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From this information, the following may be derived:
« the organs or systems involved;
o the location of the lesion;
o the type of lesion present;

the pathophysiological processes occurring;
the severity of the disease;

the most likely cause;

« the epidemiology of the outbreak.

There are several different approaches to the clinical exami-
nation: the complete clinical examination, the general clinical
examination, and the problem-orientated clinical examination:
« The complete clinical examination consists of checking for
the presence or absence of all clinical abnormalities and pre-
disposing disease risk factors. From this information a ranked
list of differential diagnoses is deduced. This ensures no

abnormality or risk factor is missed. The exhaustive approach
includes all routine laboratory tests as well. This approach
can be expensive in terms of time and cost. The amount of
information can be overwhelming if clinical reasoning is
delayed until the examination is complete.

o Many clinicians begin their examination by performing a
general clinical examination consisting of a broad search
for abnormalities. The system or region involved is identified,
and is then examined in greater detail.

o The problem-orientated examination (hypothetico-deductive
method) combines clinical examination and clinical reason-
ing, resulting in the early generation of differential diagnoses.
The sequence of the clinical investigation is dictated by the
differential diagnoses generated from the previous findings.
This results in a limited, but focused examination. The success
of the method relies heavily on the background knowledge
of the clinician, and it usually assumes that a single condi-
tion is responsible for the abnormalities. It is an approach
that is highly motivating, as there is a higher probability of
identifying an abnormality.

Hypothetico-deductive reasoning

In hypothetico-deductive reasoning, the initial hypotheses are
derived from the early clinical findings or presentation. Subse-
quent data collection is guided by the leading hypothesis and
the competing hypotheses (differential diagnoses) being consid-
ered. The leading hypothesis may change, depending on the new
information acquired, and may prompt further investigation.
The competing hypotheses are usually compared, one by one, to
the leading hypotheses. This process continues recursively, until
a critical level of confidence has been reached. The final step is
usually the validation of the diagnosis. Hypothesis generation
and recall is critical. A correct diagnosis cannot be made if it
has not even been considered.
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Aggregation or collation of the individual clinical findings
from the initial data into a single pathophysiological process will
simplify the diagnostic process. For example signs, consistent
with congestive heart failure in cattle, such as an increased
heart rate, bilateral jugular distension, sub-mandibular and
brisket oedema and diarrhoea, would result in the veterinary
surgeon seeking causes of congestive heart failure rather than
causes for each of the component signs. The generation of
the initial list of possible diagnoses is sometimes selected by
using an individual piece of data as a pivotal or key sign. The
pivotal sign (or pivot) is usually a sign which can be confidently
recognised as an abnormality resulting from disease. The list of
differentials will then include all the diseases that contain that
pivotal sign.

The diagnostic process includes discriminating between close
competitors, pursuing highly likely but unproven possibilities,
ruling out less likely competitors and, occasionally, includ-
ing new hypotheses when additional unexpected findings are
obtained. Signs or tests with a high specificity and sensitivity
are selected to confirm or rule out a diagnosis. Each piece of
information is considered with respect to all hypotheses under
consideration before a diagnostic judgment is made. Findings
are not sought if they are not related to one of the diagnostic
possibilities under consideration.

This method produces a very specific and highly efficient
search for discriminatory information, and induces a high level
of motivation in the clinician when compared to the use of
a complete clinical examination as a first approach. The sign
being investigated has a higher probability of being found when
compared to a complete clinical examination. Complete clinical
examinations yield a higher proportion of negative findings,
which may induce a reduction in abnormality recognition due
to investigator fatigue.

The number of hypotheses under consideration by the veteri-
narian at any one time is usually four or five with a maximum
of six or seven. The recall of possible diagnoses and the ranking
of competing hypotheses use a function called pattern recog-
nition. Pattern recognition is the process used to the generate
a list of ranked differential diagnoses from a list of clinical
abnormalities.

Recall and ranking

The recall strategies may include the recall of:

« conditions consistent with the age, sex, breed, and class of
animal;

« diseases which contain all the signs observed;

« diseases which contain only pivotal signs;

« diseases which contain at least one of the signs observed;

o diseases which contain most of the signs observed;
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« diseases which contain an important sign;
« common diseases only.

Pattern recognition
There are three broad categories of pattern recognition: pattern
matching, probabilities, and pathophysiological reasoning.

Pattern matching

Pattern matching of facial features to recognise an individual
is an example of this method of pattern recognition. In clinical
profile pattern matching, the clinical signs observed and disease
risk factors are compared to profiles or descriptions of diseases
we hold in our memory. Pattern matching ability will increase
with experience, because the archive in memory will be more
complete and accurate. It is also better developed for common
diseases because of exposure and reinforcement.

The differential diagnosis list is constructed according to
which of the disease profiles that most closely match the clinical
profiles observed in the patient. The pattern matching process is
frequently restricted to common diseases in the initial hypoth-
esis generation. The pattern matching may be extended to less
common diseases if the matching is poor.

Probabilities

Given the prevalence of cattle diseases in the population under
investigation, and the frequency of occurrence of the sets of
clinical signs observed within those diseases, the probability
of a disease being the diagnosis can be generated. The ranked
differential list can then constructed from the disease probabil-
ities. Studies in human medicine have demonstrated a lack of
ability to use probabilities even in the simplest applications. The
human inability to perform the mathematical computations
required and the availability of data are important limiting
factors. Clinicians often think they are using probabilities but,
in reality, they are considering common diseases and using
pattern matching of clinical signs and risk factors to generate a
ranked list of differential diagnoses.

Pathophysiological reasoning (functional reasoning)
Using the clinical signs observed the system and the lesion
within the system is identified using knowledge of disease
mechanisms (pathophysiology and anatomy). A differential
list is then constructed, using diseases which could explain the
disease processes identified. An important clinical sign, in this
context, is one that has an important role in the pathophysiology
of the disease under consideration which may be responsible for
many of the clinical manifestations of the disease (e.g. rumen
pH in ruminal acidosis or severe calf diarrhoea). This method
is commonly used by new graduates.

Which method of pattern recognition is used?

A study performed by Cockcroft (1998) included an investiga-

tion on the diagnostic methods used by different groups of clin-

icians. The conclusions of this study were:

o Veterinary students use pathophysiological reasoning most
often.

« Experienced veterinary surgeons use pattern matching most
often.

 Both groups use all three methods some of the time, and those
different methods of pattern matching may be used concur-
rently in some cases.

Clinical signs as diagnostic tests for the presence

or absence of a given disease

Clinical signs, or combinations of signs, can be considered as a

test for a given disease, such as the ELISA for Johne’s disease. For

each given disease, the specificity and sensitivity for each clinical

sign or set of signs could be defined:

« Sensitivity is the proportion of animals with the disease with
the sign(s)

o Specificity is the proportion of the animals without the dis-
ease that do not have the sign(s)

For example, the detection of a ‘ping’ on from the left flank
of a cow has both a high sensitivity and specificity for the
diagnosis of a left-displaced abomasum (LDA). Ketosis occurs
in most cows with an LDA, and also has a high sensitivity
for an LDA. However, ketosis is present in several other dis-
eases and is not exclusive to LDA. The specificity is therefore
relatively low.

The selection of a sign with a high sensitivity and specificity
for a given disease can be used to confirm or rule out a diag-
nosis, as the sign is likely to be present if the disease is present
(high sensitivity) and does not occur in other diseases (high
specificity). If the sign is absent, the disease may be ruled out of
further consideration.

The absence of a sign with a low sensitivity for a given disease
does not rule in or rule out that disease and, therefore, coveys
little additional information. For example, it would be unwise to
rule in or rule out calf meningitis if excitatory neurological signs
were absent.

The presence of a sign with low specificity does not help differ-
entiate the disease from other competing differential diagnoses.
For example, reduced appetite is a clinical sign that is common
in many diseases.

Predictive values for the presence of a disease, given the
absence or presence of a sign, can be computed for a given
disease, provided the prevalence of the target disease and
competing diseases within the population of interest are known.
The positive predictive value is the probability of the patient
having the disease when the sign(s) is present. The negative



predictive value is the probability of the patient having the
disease when the sign(s) is absent.

Logical exclusion of a disease

If an animal presents with a clinical sign that is never observed
in a disease (sensitivity 0%), then that disease can be excluded
from further consideration. This is a common event and
excludes many diseases. We would not expect jaundice in a case
of milk fever.

If an animal presents without a clinical sign that is always
observed in a disease (sensitivity 100%), then that disease can be
excluded from further consideration. Hypomagnesaemia would
be expected in a case of grass staggers (hypomagnesaemia).

Logical exclusion is a powerful strategy, but may exclude
the true diagnosis if the observation on which the exclusion is
based are inaccurate. Logical exclusion should be reserved for
observations made with a high degree of certainty. The presence
of signs generally has a greater discriminatory power than the
absence of signs. Thus, a list of differentials based on the pres-
ence of signs will be shorter than one based solely on the absence
of signs. However, considering both produces the shortest list
overall.

Inductive and deductive reasoning
Deductive reasoning and inductive reasoning can be used alter-
nately to investigate a hypothesis:
« Deductive reasoning: If a cow is pale then the cow may have
haemolytic anaemia.
« Inductive reasoning: If the cow has haemolytic anaemia the
cow may have haemagloninuria.
This method of reasoning can be used to test the strength of a
hypothesis against competing hypotheses. It is a very powerful
and common process.

Prevalence

‘If you hear hoofbeats, think cattle — unless you are in a zoo, then
think buffalo.

The relative prevalences of competing differential diagnoses are
important information in the diagnostic process. By using broad
bands of different prevalence values, it is possible to confine the
initial search to disease that are known to occur commonly in
the population under investigation.
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The prevalence of a disease usually represents an average for
a defined population, which may be inappropriate for a given
individual, where different risk factors may have a large impact
on disease occurrence. It is important to determine the risk
factors operating on the animal in question at the time of the
disease onset. For example, milk fever is a common condition
in peri-parturient high-yielding older cows on an inappropriate
transition diet, but the prevalence among dairy cows in general
is relatively low.

Common errors in clinical reasoning

The most common cause of incorrect diagnoses is a failure to

generate, and therefore consider, the correct diagnostic hypoth-

esis. Other errors include:

o The collection of extraneous information which does not lead
to the confirmation or testing of a hypothesis.

o Failure to correctly retrieve the correct hypotheses from
memory.

« Data collection driven by an inappropriate hypotheses.

« New data being considered in relation to the hypothesis that
is being tested and not in relation to alternative hypotheses.

o Information that does not fit the differential diagnoses under
consideration may be ignored in preference to generating
alternate hypotheses.

o Inexperienced clinicians tend to seek confirmatory informa-
tion, rather than rule out information reducing their diagnos-
tic efficiency further.

Bias and saliency

Saliency bias occurs in diagnosis when a recent clinical presen-
tation leaves an impression that is disproportionate to the preva-
lence. A bias is introduced which causes an overestimate of the
probability of disease. For example, a recent case of lead poison-
ing may result in this being the leading hypothesis in the next
few investigations, where neurological signs have been observed
which may be inappropriate.

Clinical reasoning exercise
Clinical scenario

A five year old Holstein cow, which calved one month ago
and was previously yielding 42 litres/day, presents with a poor
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appetite and milk yield which has fallen steadily over the past
three days to 22 L/day. The rectal temperature is 39°C, the
respiratory rate is 25/min and the rumen rate is one/min. The
cow has a gaunt appearance, with sunken left sub-lumbar fossa
consistent with a reduced appetite. There are 200 milking cows
in the herd.

Above is a case scenario to consider. Some diagnostic infor-
mation is provided in Tables 14.1 to 14.4 and Figure 14.1 below.
Consider the information, then use the clinical reasoning audit
that follows to reflect upon the clinical reasoning pathway you
might follow in this case.

Clinical reasoning audit checklist

Clinical examination

Which method of clinical examination would you use?

o Complete clinical examination.

« Problem oriented (hypothetico-deductive) approach.

o General examination followed by a complete exami-
nation or problem-orientated approach of the affected
system/topographical area.

Clinical reasoning

When using the hypothetico-deductive method, did you follow

the following steps?

1 Collection of data (clinical examination, laboratory tests).

2 The recall of possible differential diagnoses (hypotheses).

3 Ranking of competing differential diagnoses.

4 Further investigations to enable differentiation of the compet-
ing hypotheses:
o evidence strongly in favour of particular diagnosis. Go to 5
o Still unable to decide on a diagnosis Go to 1.

5 Diagnosis confirmed, closure.
When formulating a differential diagnosis list do you:

o Recall of diseases which contain all the signs observed?

o Recall diseases which contain only signs you are confident
about?

o Recall diseases for each sign?

« Recall diseases which contain most of the signs observed?

« Recall diseases which contain an important sign?

« Recall only common diseases?
When ranking the differential diagnosis list which method of

pattern recognition did you use:

« Pattern matching?

o Probabilities?
o Pathophysiological reasoning?
Which of the following strategies did you use?
« The specificities and sensitivities of clinical signs.
o Logical exclusion of a disease.
Aggregation.
« Deductive and inductive reasoning.

Conclusion

If the process of diagnosis is understood, the collection of appro-
priate data is likely to be more efficient and clinical reasoning
performed more effectively, with more accurate outcomes. This
chapter has presented some of the strategies and concepts which
may be used in clinical reasoning and which can direct the col-
lection of additional information with improved efficiency and
diagnostic acumen.
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Table 14.1 Similarities and differences between the case profile and the differential diagnoses.

Condition 5 year old One month Sudden Normal Normal Normal Gaunt Prevalence
high-yielding  post-calving dropin temperature respiratory rumen appearance
dairy cow milk rate rate
yield
Caecal Yes Some Yes Yes (elevated in  Yes (elevated in  Yes Sometimes Rare — but can
dilatation/torsion increased risk torsion) torsion) get outbreaks
Left displaced Yes Increased Yes Yes Yes Yes sometimes  Yes Common
abomasum risk can't
auscultate
Liver disease (Fatty Yes Usually Yes Yes Yes Yes Sometimes Rare — but can
Liver Syndrome) immediately get outbreaks
post-calving
Oral lesions Yes Slight Yes Yes Yes Yes Yes Rare
increased risk
Perforating Yes Increased risk Yes Sometimes Sometimes Often rumen Yes Intermediate-
abomasal ulcer elevated elevated (pain)  stasis rare
(inflammation)
Primary ketosis Yes Increased risk Yes Yes Yes Yes Yes Common
Pyelonephritis Yes Usually Yes Elevated Often elevated  Yes Sometimes Rare
spontaneous or (inflammation (pain)
post-bull and pain)
mating
Right displaced Yes Increased risk Yes Yes Yes Yes Yes Intermediate
abomasum
Ruminal acidosis Yes Increased risk Yes Normal/ Sometimes Rumen stasis Sometimes Intermediate
subnormal elevated
(metabolic
acidosis)
Traumatic reticulitis Yes Increased risk Yes Sometimes Sometimes Often rumen Yes Intermediate-
elevated elevated (pain)  stasis rare

(inflammation)
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Table 14.3 Pathophysiological processes.

Condition

Pathophysiology

1. Primary ketosis

2. Left displaced abomasum

3. Right displaced abomasum

4. Perforating abomasal ulcer

w1

. Traumatic reticulitis

6. Ruminal acidosis

7. Caecal dilatation/torsion

8. Pyelonephritis

9. Oral lesions

10. Liver disease (Fatty Liver Syndrome)

Negative energy balance:
Hypoglycaemia with
beta-oxidation of fats

Negative energy balance:
Hypoglycaemia with
beta-oxidation of fats.
Sequestration of electrolytes
and H* in abomasum

Negative energy balance:
Hypoglycaemia with
beta-oxidation of fats.
Sequestration of electrolytes
and H* in abomasum
Dehydration

Localised peritonitis
Localised peritonitis

Metabolic acidosis and
ruminal/intestinal osmotic
dehydration

Sequestration of electrolyte
and fluids in caecum +/—
peritonitis

Localised peritonitis and
nephritis

Stomatitis

Liver failure
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Table 14.4 Differential diagnosis.

Possible differential diagnoses and rank Clinical profiles with high

(according to their likelihood of being the
diagnosis based upon the case description,
identified risk factors and the prevalence)

specificities and sensitivities

1.
2.

[0}

~

Primary ketosis
Left displaced abomasum

. Right displaced abomasum

Perforating abomasal ulcer

. Traumatic reticulitis

. Ruminal acidosis

. Caecal dilatation/torsion

. Pyelonephritis

9. Oral lesions

. Liver disease (Fatty Liver Syndrome)

Ketosis and no pings
Ketosis, and a left side ping
(ribs 10-12)

Ketosis, and a right side ping
(ribs 10-12)

Right side anterior
abdominal pain with a
peritoniteal fluid sample
indicating peritonitis
Anterior abdominal pain
with a peritoniteal fluid
sample indicating peritonitis
Rumen pH < 5.0 and
metabolic acidosis and
dehydration and diarrhoea
Ping right sub-lumbar fossa
and rectal

examination — distended
viscus

Turbid discoloured urine and
pain on palpation of affected
kidney

mouth lesions

Liver biopsy has high lipid
content on histopathology
and serum biochemistry
indicates increase in liver
enzymes, NEFA and
hypoglycaemia
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Ketosis?

Yes No

Ping right sub-
Ping left ribs Ping right ribs lumbar fossa Abdominal
LDA RDA Ceacal pain?
dilatation/torsion

Yes NO
. . Right side
Anterior Over kidneys i ne?
abdoman TRP pyelonephritis ElG e Clrel lesars:

Abomasal ulcer

—

Yes
(Stomatitis)

Rumen fluid pH
<5.0?

Yes
(Acute Ruminal No
Acidosis)

Liver biospsy-
high lipid
content?

Yes
(Fatty liver
syndrome)

Figure 14.1 Algorithm using highly sensitive and specific signs as nodes in a decision tree.



CHAPTER 15

Special Diagnostic Procedures

Phil Scott and Peter D. Cockcroft

Learning objectives

 Beaware of the range of further investigative techniques avail-
able to the cattle practitioner.

o Appreciate the technical skills that are required to perform
these techniques.

o Appreciate the additional information that can be derived
from the samples obtained.

Skin

Bacterial culture - the normal bovine skin has a large population
of bacteria, including staphylococci, streptococci, Trueperella
pyogenes and coliforms that live symbiotically with their host
but can also be opportunist pathogens. Swabs from suspicious
lesions should be taken with care to avoid contamination and
should be processed quickly. Pustular material from abscesses
may be aspirated by sterile needle and syringe for culture. Skin
biopsies may also be cultured.

Skin scrapings — these are particularly useful in the diagnosis of
mange infestation and should be taken from the periphery of the
lesion in the early stages of the disease, because few mites may be
present later as the host responds. The scraping is best taken with
a scalpel blade to a depth at which signs of capillary bleeding just
appear. The scraping may be examined microscopically before or
after potassium hydroxide treatment.

Skin biopsy - this is the most useful diagnostic test. Hairs
should be clipped short and the skin gently cleaned with 70%
alcohol before injection of local anaesthetic solution around
and under the proposed biopsy site. The biopsy, by excision or
by punch biopsy, should be at least 5 mm in size and should be
fixed in 10% buffered formalin at least ten times the volume of
the biopsy.

Soft tissue swellings — needle aspirates may reveal an abscess or
a hematoma. Ultrasonography can also be useful to differentiate

the aetiology. Abscesses have a ‘snowstorm’ appearance whilst
hematomas have a segmental structure (Figure 15.1)

Other diagnostic tests include direct electron microscopy for
virus infections such as bovine papular stomatitis.

Cardiovascular

Diagnostic tests

Percussion of the heart — the heart lies beneath the third and
sixth ribs on the right, and beneath the third and fifth ribs
on the left and extends approximately one-third up the ribs
on both sides. Thoracic ultrasonography with portable 5 MHz
sector scanners is now readily available and, unlike percussion,
it accurately differentiates pleural effusion, cardiac enlargement,
pericardial effusion and consolidation of the ventral margins of
the lung lobes.

Electrocardiography - electrocardiography is rarely under-
taken in farm animal practice, because the important cardiac
diseases are more readily diagnosed by ultrasonography.

Ultrasound (US) evaluation — A 3.5 or 5 MHz sector probe
with a field depth up to 20 cm is suitable for examining the
heart. Good visualisation of the heart is facilitated by placing
the animal’s ipsilateral foreleg on a block raised 15cm from
the ground and drawing the leg forward. Ultrasonography can
readily detect abnormalities of the pericardium (particularly
fluid accumulations), epicardium and myocardium, and heart
valves. Pericardial effusion appears as an anechoic (black) area
surrounding the heart that may extend up to 10-15 cm. Septic
pericarditis appears as an anechoic area with multiple hyper-
echoic dots caused by minute gas bubbles within the exudate.
Vegetative endocarditis lesions appear as marked irregularities
and thickening of the heart valves.

Doppler flow sector scanners produce more detailed infor-
mation, including the direction and pressure of blood flow.
This information is helpful in cases of congenital cardiac abnor-
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Figure 15.1 Ultrasonography: flank hematoma with a hyper- echogenic
segmental appearance.

mality, but it is not essential. It is important to note that large
ventricular septal defects may result in no audible murmur.

Radiography - is of very limited value in assessing bovine
cardiac morphology, because the size and mass of the bovine
heart prevents clear demonstration of the internal divisions of
the heart. Radio-opaque foreign bodies (such as wires) may be
detected as they pass through the diaphragm from the reticulum
to the pericardium, but such information is more readily gained
by ultrasonography, without the health and safety concerns of
radiography on farm.

Pericardiocentesis — in the absence of ultrasonography, peri-
cardiocentesis can be useful in confirming a septic pericarditis
and obtaining a sample of pericardial effusions for further
analysis. Ultrasongraphy-guided pericardiocentesis improves
the precision of sampling. Large accumulations of transudate
within the pericardial sac are rare in cattle. A 9 cm, 19 g spinal
needle is inserted under local anaesthesia through the chest wall
into the pericardial sac, when fluid can be aspirated for cytology
and culture.

Blood culture - blood for culture may be taken aseptically from
the jugular vein in cases of endocarditis, but repeated samples
may be needed, as bacterial release from valve lesions is inter-
mittent.

Respiratory system

Auscultation and percussion are insufficient to characterise
many chronic respiratory diseases. Bronchoalveolar lavage
(BAL) is particularly helpful in determining the viral cause(s)
of outbreaks of calf pneumonia. Further investigations may
include paired serology, nasopharyngeal swabs, faecal sam-
pling for lungworm larvae, and ultrasonography. Fibre-optic
endoscopy, radiography, blood gas analysis, thoracocentesis and
lung biopsy have few applications in cattle practice.

Bronchoalveolar lavage (BAL)

A BAL sample can be used for the rapid identification of viral
antigens by indirect fluorescent antibody tests (IFAT), and for
bacteriological culture and cytology. In an acute outbreak of
respiratory disease, four to six febrile cattle are selected; severely
affected animals should be avoided. The equipment required
includes a 50 ml catheter tip syringe, disposable gloves, a sterile
90 cm small diameter flexible tube (6 mm), 20 ml of warm
sterile buffered saline, viral transport medium, and topical
local anaesthetic gel. The animal is restrained in cattle stocks,
a halter applied, and the head pulled forward, extending the
animal’s neck. Local anaesthetic gel is applied to the inner
surface of nostril. The distance to the larynx and the base of the
thoracic inlet are marked and the tube is gently passed via the
ventral nasal meatus to the larynx, then quickly pushed forward
through the glottis into the trachea during inspiration. When
successful, breathing will be felt and heard at the end of the tube,
accompanied by some mild coughing. If entry to the trachea has
not been successful, the tube may have to be withdrawn a few
centimetres and advanced again. The tube is then advanced to
the bifurcation of the major bronchi (the carina). 20 ml of warm
phosphate buffered saline is then injected and immediately
withdrawn; about 10ml of frothy (surfactant-rich) fluid are
usually retrieved. The fluid is then decanted into viral transport
medium, a sterile tube for bacterial culture, and EDTA for
cytological examination. Analyses may include tests for PI3,
RSV, IBR, BVD antigens, and bacterial culture for Mannheimia
haemolytica, Pasteurellae spp. and Haemophilus somni.

Diagnosis of lungworm

Examination of faeces (Baermann technique) and bronchoalve-
olar samples for L1 stage larvae may confirm a diagnosis of a
patent lungworm infestation. Prior exposure to lungworm can
also be confirmed by an ELISA test on serum.

Acute and convalescent sera

Rising serological titres give a retrospective indication of expo-
sure and the possible causal agent(s) of an outbreak of viral
pneumonia. Serological samples are collected from a minimum
of five affected animals at the beginning of the outbreak and
4-6 weeks later.

Nasopharyngeal swab

Naso-pharyngeal swabs from early clinical cases may be useful
in identifying the etiological agents of pneumonia in cattle; how-
ever, Mannheimia haemolytica and Pasteurella spp. isolates may
be commensals.

Radiography

Radiography is of very limited value, especially in older animals,
where thoracic ultrasonography is much quicker, cheaper and
more informative. Chemical restraint to facilitate positioning of



the animal in lateral recumbency may lead to an unacceptable
risk. Radiography has limited application in the examination
of reticular wires which have penetrated the thorax, and rib
fractures.

Ultrasonography

The pleurae and pulmonary surfaces of both lung fields are
examined between the 5th and the 7th ribs intercostal spaces.
This topographical area usually provides the most useful infor-
mation. The 5MHz sector transducers are the most useful,
but linear transducers are more readily available and can still
provide diagnostic images. Systematic ultrasound examination
of both sides can be performed quickly.

Ultrasonographic examination of the chest is most helpful
in the diagnosis of chronic suppurative pneumonia, where
the dorsal margin of the lung pathology is represented by
numerous hypoechoic columns extending 2-8cm into the
lung parenchyma, which are bordered distally by bright white
(hyperechoic) lines when the transmitted sound waves contact
normal aerated lung. Moving the probe head ventrally, there are
large hypoechogenic areas, with the echogenic appearance of
liver (hepatoid) corresponding to lung consolidation.

Pleural effusions are present in varying quantities in individual
cases of dilated cardiomyopathy, thymic, and diffuse fibrosing
alveolitis.

Pleural effusion is readily identified as an anechoic area which
increases in depth as the probe head is moved ventrally with con-
sequent dorsal displacement of the ventral margins of the lung
lobes, which may be consolidated.

Metastases to the lungs appear as discrete 2-3 cm diameter
hypoechoic areas without a marked capsule, and are present
throughout all lung lobes at necropsy.

Blood gas analysis and PCV

Blood gas analysis needs to be performed rapidly once the
sample is taken. Pen-side hand held biochemical/blood gas anal-
ysers are becoming increasingly available and cheaper. Blood
gas analysis is very helpful in defining the extent of hypoxia
and characterising acid/base disorders. Arterial samples are
the most useful, and the auricular or coccygeal arteries can be
sampled.

The percentage oxygen saturation of arterial haemoglobin can
be measured using a pulse oximeter. The sensors are attached
to shaved non-pigmented skin of the tail, the non-pigmented
areas of the scrotum or the vulva. Pulse oximeters are portable,
non-invasive, easy to use, inexpensive, and can be used with suc-
cess in field conditions.

Thoracocentesis

Samples of pleural fluid can be obtained by ultrasound-guided
thoracocentesis at the 5-6th intercostal spaces under local
anaesthesia. Equipment required includes hair clippers, a
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lumbar spinal needle gauge 18, 9 cm, skin disinfectant, alcohol,
swabs, EDTA and plain collection tubes.

Lung biopsy

Lung biopsies of areas defined ultrasonographically may be
useful to identify pathological changes in lung tissue but should
be reserved for cases of respiratory disease in which less invasive
techniques have failed to establish a diagnosis. The biopsy can
be performed in the standing animal. The hair is shaved or
clipped over the lesion(s), and the site aseptically prepared.
Local anaesthetic is injected subcutaneously then into the inter-
costal muscles. A stab incision is made with a scalpel blade into
the anaesthetised skin. The skin is then moved caudally, and
the Tru-cut needle thrust through the cutaneous stab incision
and through the intercostal muscles and pleura into the lung
lesion. This approach ensures that the skin incision will not
directly overlay the deeper wound and helps reduce the possi-
bility of pneumothorax. The Tru-cut needle is then removed,
and the biopsy placed in 10% formal-saline and submitted for
histopathology.

Clinical pathology

Metabolic acidosis may occur in carbohydrate engorgement
(grain overload). Hand-held biochemical and acid-base anal-
yses are available in small animal hospital practices, and
can be used in farm animal practice. Metabolic alkalosis
can occur in abomasal conditions due to sequestration of
hydrogen ions, and in urea poisoning. Electrolyte measure-
ments may indicate hypokalaemia, which may be present
in abomasal distension/volvulus. A low PCV may indicate a
haemorrhaging abomasal ulcer, and a raised PCV may indicate
dehydration.

A leukocytosis with a relative neutrophilia may indicate an
inflammatory process. Alternatively, a leucopaenia and a neu-
tropaenia may be found in severe cases, due to sequestration or
endotoxaemia/septicaemia. Hypoalbuminaemia may be a fea-
ture of a protein-losing enteropathy, such as paratuberculosis,
or a reduction in hepatic production. A high serum globulin
and plasma fibrinogen concentrations are useful indicators of
chronic and acute inflammation, respectively.

Abdomen

Rectal examination

Rectal palpation is an important investigative procedure. The
systematic palpation of the internal anatomical structures
(Figure 15.2) and an assessment of the faeces should not
be overlooked (Figure 15.3). Table 15.1 describes some of
the gastro-intestinal abnormalities that may be detected on
rectal palpation, and Table 15.2 indicates the range of gross
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Figure 15.2 Rectal examination is an important investigative procedure.

Figure 15.3 Gross examination: faecal sample.

Table 15.1 Rectal palpation findings and possible interpretation.

Table 15.2 Gross faecal appearance and possible interpretation.

Faecal samples

Associated condition

Faeces dry, dark brown, ball shaped, shiny
(covered in mucous)

Faeces dark green colour

Faeces pale olive green

Undigested grains in faeces

Dysenteric faeces
A mixture of undigested blood mucous and

Slow gut
passage/dehydration

Increased bile salt content
(e.g. haemolytic anaemia)

Decreased bile salts (e.g.
anorexia)

Normal cattle fed on
unprocessed grain

Salmonella, winter
dysentery, mucosal disease

Rectal examination finding

Condition

Dorsal sac packed with fibre
Dorsal sac distended and tympanic
Dorsal sac cannot be palpated

Tense gas filled viscus arms length laterally
on the right hand side

Large hard sausage-shaped structure on the
right

Tense gas filled viscus, shaped like a long
balloon with blind end caudally immediately
on right laterally

Large focal mass(es) which may surround
the intestines

Thickened small intestines (highly subjective)

Vagal indigestion
Bloat
Collapsed dorsal sac

Right displaced/dilated
abomasum

Intussusception

Distended/dilated caecum

Fat necrosis

Johne's disease

watery faeces usually with an offensive fetid
smell sometimes with yellow grey castes
(fibrin)

Blood and sloughing mucosa Intussusception (ischemic

necrosis)

Melaenic (black) faeces Digested blood
Abomasal ulceration,
oesophageal tumour
Caudal vena caval

syndrome

Cocidiosis or mucosa
damaged during the rectal
examination

Frank blood or blood clots

Enteritis or osmotic
(ruminal acidosis)

Diarrhoea

abnormalities of the faeces and possible interpretations of these
findings.

Rumen fluid collection
A sample of rumen fluid may be obtained using a naso-gastric
tube or an oral stomach tube to assess rumen health and func-
tion. Rumenocentesis avoids possible contamination with saliva.
Analysis is best performed within one hour of collection.
Naso-gastric/oral stomach tube - the length of the naso-gastric
tube required to reach the larynx and rumen from the nose
is marked on the tube. The naso-gastric tube is advanced
slowly through the ventral meatus to the pharynx, then into
the oesophagus during expiration when the animal swallows
(Figure 15.4). Coughing, then breathing, indicates entry into
the trachea. When the tube passes into the oesophagus, then
rumen, gas with a characteristic odour, escapes. If necessary,
blow forcefully down the tube and auscultate the rumen at the
left sublumbar fossa for bubbling sounds as the gas penetrates
the rumen fluid. Negative pressure is applied with a stirrup
pump, or by sucking the end of the tube, to obtain a sample of
rumen fluid. If this fails, bend and withdraw the tube and decant
the rumen fluid in the distal tube. A sample can be collected
into a universal sample pot. The only difference between using a



Figure 15.4 Rumen fluid collection: the naso-gastric tube should be directed
through the ventral meatus.

stomach tube and a nasogastric tube is that the tube is advanced
through the gagged mouth. Contamination of the rumen fluid
sample with saliva should be avoided by discarding the first part
of column of rumen fluid in the tube.

Ruemocentesis — the equipment required to perform a
ruminocentesis includes clippers, surgical antiseptic, alco-
hol and a 9cm 18 gauge spinal needle with a stylet. Some
practitioners use a 5 cm gauge 14/16, as obstruction by rumen
debris is common. The rumen contains a dorsal gas cap, a
fibrous raft, and fluid in the ventral sac. A small area of skin in
the left ventral quadrant of abdomen is surgically prepared. A
tail cinch or an anti-kick bar is then applied and the prepared
area infiltrated with local anaesthetic. This greatly facilitates the
sampling procedure and is highly recommended. The needle/
lumbar spinal needle is then pushed through the skin at the
anaesthetised and prepared site. A syringe is attached to the
needle, and a sample is withdrawn. A blocked needle can be
cleared by injecting air.

Rumen fluid analysis
Evaluate the rumen fluid sample as soon as possible, as cooling
and exposure to air alters protozoan and bacterial activity.

Colour - normal rumen fluid is usually olive green or
greenish-brown. In ruminal acidosis, the fluid may appear
milky grey.

pH - the rumen fluid pH can be measured immediately by
using pH (litmus) paper (range 3.0-9.0) or, ideally, electronic
hand-held cow-side pH meters, which are cheap and readily
available (normal is 6-7 in cattle on roughage-based diet, and
5.5-6.5 on a concentrate-based diet). In ruminal acidosis (car-
bohydrate engorgement), the pH will be 5.0 or less. In sub-acute
ruminal acidosis, the pH will be in the range 5.1-5.7. In anorexic
cattle, the pH will be alkaline (7.5-8.0); higher pH values can
occur with urea poisoning.
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Sedimentation/flotation - this test for complete sedimenta-
tion of solid particles must be performed within a short time
following collection, and is an indirect measure of microflora
activity. The finer particles sink and the coarser particles
float, supported by gas bubbles of fermentation (4-8 min-
utes in healthy cattle). Inactive microflora results in rapid
sedimentation, with little floating material.

Redox potential (methylene blue reduction time) — this test
is a measure of the reduction-oxidation activity of the rumen
microflora, and reflects anaerobic fermentation by rumen bac-
teria. One ml of 0.03% methylene blue is mixed with 20 ml
of rumen fluid, and the time taken to decolourise the methy-
lene blue is measured (normal around three minutes; around
15 minutes indicates poor microbial activity).

Protozoal activity — a drop of rumen fluid is placed on a warm
glass slide under a cover slip and vigorous protozoan activity
(10-20 motile protozoa per field) observed using low power (X
10 objective microscope lens). Large protozoa are more sensitive
to rumen disturbances. All protozoa are killed when pH drops
below pH 5.0. There are reduced numbers in samples with low
fermentation activity.

Gram stain — gram-stained smears reveal mainly gram-negative
bacteria in normal rumen fluid, but gram-positive streptococci
and lactobacilli predominate in ruminal acidosis.

Rumen fluid chloride concentration - in healthy cattle, rumen
fluid has a chloride concentration <30 mmol/L; much higher
concentrations indicate reflux of abomasal fluid into the rumen.
High levels may also occur in ruminal acidosis and prolonged
anorexia.

Exploratory laparotomy and rumenotomy
Exploratory laparotomies should only be undertaken after
all other ancillary tests, particularly trans-abdominal and
trans-rectal ultrasonography, have failed to yield a specific
diagnosis (Figure 15.5).

Abdominocentesis (peritoneal tap, paracentesis)

Abdominocentesis is easy and inexpensive to perform, and
requires little equipment. In normal healthy cattle, there is usu-
ally only 15-20 ml of peritoneal fluid in the abdominal cavity. As
a consequence, a sample is not always obtained and the lack of a
sample should not be interpreted as abnormal. The only excep-
tion to this is during late pregnancy, when the volume markedly
increases. Abdominocentesis is best performed after demon-
stration of peritoneal tranusdate/exudate by trans-abdominal
ultrasonography. It is important to recognise that abnormal
peritoneal fluid, particularly in cases of local peritonitis, may be
confined to a localised area by the enveloping omentum, and
is not always collected by abdominocentesis.There are several
potential sites to perform an abdominocentesis. A common site
is in the ventral anterior abdomen, midway between the xiphis-
ternum and the umbilicus in the midline (Figure 15.6). This
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Figure 15.5 Laparotomy and a rumenotomy.

site is easy to identify and carries no risk of accidental puncture
of the milk vein. An alternative site in the anterior abdomen is
5 cm caudal to xiphisternum and 5 cm to the left or right of mid-
line. Other sites are on the left or right posterior abdomen, just
anterior to attachment of the mammary gland to the body wall.

The preparation and procedure is the same for both sites.
Ideally, hair is clipped or shaved at the site, and the skin asep-
tically prepared. Restraint, using a cinch or an anti-kick bar,
can improve operator safety. A 5cm gauge 19 needle is gently
pushed into the peritoneal cavity of the abdomen through the
skin, musculature and parietal peritoneum. If no peritoneal
fluid is obtained, the needle can be rotated and the depth of
penetration increased. The rumen is sometimes penetrated in
ventral sites, and a dark gritty sample obtained. If no sample
is obtained, a new site should be selected. Samples should
be collected into a plain tube for bacteriology and an EDTA
tube for cytology. Examination of the sample includes colour,
viscosity, turbidity, cell number and type, specific gravity, pro-
tein concentration, preparation of stained smears for bacteria,
and bacterial culture. Table 15.3 indicates some of the inter-
pretations of grossly abnormal peritoneal fluid. The colour of
normal peritoneal fluid is clear, straw-coloured or yellow. If the

Figure 15.6 Peritoneal tap: midline between the umbilicus and xiphisternum.

sample is green in colour, this suggests the presence of food
material and may indicate a gut rupture, or that a gut sample (a
rumen sample being the most common) has inadvertently been
obtained. An intense orange/green colour indicates rupture of
the biliary system, but this is rare. A pink to red sample indicates
presence of haemoglobin and/or red blood cells, which may
indicate iatrogenic penetration of a blood vessel, gut infarction
or perforation. A red-brown colour indicates necrosis of gut
wall. Frank blood indicates haemorrhage into the peritoneum
(heamoperitoneum), which may be pathological but may have
been caused by the abdominocentesis procedure puncturing
a blood vessel. Repeating the procedure at a different site may
allow differentiation of the various possibilities.

A turbid sample indicates an increased cellular content.
Large quantities of yellowish-coloured turbid fluid (sometimes
with fibrin tags) suggest peritonitis. A sample that forms a
generous stable froth after vigorous shaking indicates a high
protein concentration (exudate) and an inflammatory process.
Clotting of the sample indicates an increase in the viscosity
of the peritoneal fluid, due to inflammatory processes. More
detailed laboratory analysis may include measurements of
specific gravity and protein content. A high specific gravity and
high protein content suggests vascular damage and leakage of
plasma proteins, in cases of peritonitis or ischemic necrosis



Table 15.3 Interpretation of peritoneal fluid gross findings.

Peritoneal fluid Interpretation

Pathological process or late
pregnancy

Volume in excess of 10 ml

Gut contents (gut rupture or
puncture of gut during sampling
usually rumen)

Green (+/— particulate matter)

Vivid orange

Pink/red

Rupture of bile duct (rare)

Presence of haemoglobin and or
red blood cells which may indicate,
the iatrogenic penetration of a
blood vessel, a gut infarction or
perforation

Red/brown Necrosis of gut wall (e.g.

intussusception)

Blood Haemorrhage into the peritoneum
(heamoperitoneum) which may be
pathological or puncturing a blood

vessel during sampling

Stable head of froth on shaking Increase in protein content

(inflammation)

Increased viscosity Increase in protein content

(inflammation)

Turbid (sometimes with fibrin tags) Inflammatory products: increased
protein and cellular content and
fibrin

Clotting Presence of an inflammatory

process

of the bowel. Microscopy may indicate the presence of par-
ticulate food material from a ruptured bowel. Cytology may
indicate: an increased white cell count (WBC) of the peritoneal
fluid, with increased polymorphonuclear cells (PMN), which
indicates inflammation (sterile or infectious); the presence of
degenerative PMNs, which suggests infection; and increased
monocytes, which suggests the presence of a chronic inflam-
matory process. Table 15.4 provides a classification of normal,
transudate, modified transudate and exudate. A transudate may
be present in Johne’s disease as a result of hypoalbuminaemia. A
modified transudate may be observed in lymphosarcoma of the

Special Diagnostic Procedures 139

gastrointestinal tract or congestive heart failure. An exudate may
be septic or non-septic. Conditions causing a septic exudate
include a ruptured uterus and traumatic reticuloperitonitis.
Bladder rupture causes a non-septic exudate.

Radiography

Radiography of the anterior abdomen may be useful in the
diagnosis of traumatic reticulitis caused by a penetrating wire.
However, powerful machines are usually only available in
referral veterinary centres.

Metal detectors

Many normal cattle give positive results due to the presence of
harmless metal fragments such as anthelmintic boluses, nuts and
bolts in the reticulum. A negative result will indicate the absence
of a wire in the reticulum/thorax.

Ultrasonography

A 5.0 MHz linear transducer connected to a real-time, B-mode
ultrasound machine can be used for all abdominal ultrasono-
graphic examinations except examination of the right kidney
where a 5.0 MHz sector transducer is necessary to ensure good
contact with the concave flank of the right sublumbar fossa. The
field setting of 10cm on the linear scanner is appropriate for
most common abdominal disorders. Occasionally, the 20 cm
field depth afforded by certain 5.0 MHz sector scanners more
accurately determines the extent of fluid accumulation and
bladder diameter but this does not significantly alter the clinical
diagnosis. Examination of the entire bovine liver may neces-
sitate using a 3.5 MHz convex transducer but results in loss of
definition and image quality.

Sites for ultrasonographic examination
Ultrasound examination is an aid to diagnosis and should be
targeted at particular organs, depending upon clinical findings;
thereby, the time taken to prepare the site(s) is greatly reduced.
A 15cm by 15 cm area of skin is adequate for most sites, and is
the best compromise between the cost of the veterinary surgeon’s
time and the area examined. The site is preferably shaved, rather
than clipped, and ultrasound gel applied.

The abdominal wall is 2-5cm thick, depending upon the
site and body condition score. There is scant peritoneal fluid

Table 15.4 Differentiation of normal, transudative, modified transudative and exudative peritoneal fluid.

Type Colour/ volume Total proteing/I Specific gravity WBC cells x 106/1 Differential WBC

Normal Amber clear 1-5ml <25 Does not clot 1.005-1.015 <1000 Neutrophils: monocytes 1: 1
Transudate Clear pale straw 10-20 ml >25 Does not clot >1.018 <1000 Non-degenerate neutrophils
Modified Transudate Clear straw 10-20 >25 Does not clot >1.018 <5000 Non-degenerate neutrophils
Exudate Non septic Amber to pink Turbid >25 Clots >1.018 >5000 Non-degenerate neutrophils
Exudate Septic Pink to red Turbid 28-58Clots >1.016 >5000 Degenerate neutrophils
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Figure 15.7 Ultrasonography: ventral abdomen.

in normal cattle, which cannot be visualised during ultrasono-
graphic examination.

Cranial ventral abdomen — with cattle adequately restrained in
stocks, the reticulum is imaged from the ventral midline imme-
diately caudal to the xiphisternum (Figure 15.7).

Right side: right kidney and liver — examination of the right
kidney necessitates shaving an area of the right sublumbar fossa
immediately caudal to the last rib. The sector transducer head is
firmly held against the skin, to ensure good visualisation of the
right kidney juxtaposed the caudal lobe of the liver. Small intes-
tine and caecum are examined from the lower right sublumbar
fossa.

In cattle, the liver is readily identified in the ninth to eleventh
intercostal spaces on the right side at the level of a line join-
ing the right wing of the ileum with the right elbow. In cases
of hepatomegaly, the liver can be imaged immediately caudal to
the costal arch at this level, with the 5 MHz sector probe head
pointed toward the opposite elbow. A 3.5 MHz convex trans-
ducer is necessary for measurements of the liver in cattle, but
results in loss of definition and image quality.

Left side: left displaced abomasum - examination for a LDA
necessitates shaving an area over the 9th to 12th intercostal
spaces, two-thirds the way up the left side.

Transrectal examination — transrectal examination of the blad-
der is readily achieved in adult cattle.

Ascites — ascites can prove difficult to quantify on clini-
cal examination by ballotment, especially in animals with
fluid-distended intestines, but is readily identified during ultra-
sonographic examination, even when the patient is recumbent.
Ascites can be present without significant accumulation of fluid
at other sites, such as subcutaneous tissue in the submandibular
region (bottle-jaw) and brisket. In standing animals, ascitic fluid
appears as an aechoic area with abdominal viscera displaced
dorsally. The intestines are clearly outlined as hyperechoic
(bright white) lines/circles, containing material of varying
echogenicity.

Traumatic reticulitis and associated localised peritonitis — the
normal reticulum is in contact with the diaphragm and ventral
body wall, and is examined form the ventral midline site imme-
diately caudal to the xiphisternum. Forceful reticular contrac-
tions, lasting 3-5 seconds, are observed 1-2 times per minute by
holding the probe head stationary.

Traumatic reticulitis is common in cattle, where ultrasonog-
raphy can readily identify, in chronological order of the disease
process: reduced/absent reticular motility; increasing volumes
of peritoneal fluid in the anterior abdomen; the development of
fibrinous adhesions between the reticulum and abdominal wall;
and abscess formation and enlargement.

Significant quantities of peritoneal exudate, often up to
8-10cm between peritoneum and reticular wall, and thick
fibrin deposits on the reticular wall, are commonly observed
in traumatic reticulitis where the cow has been sick for more
than one week. The hyperechoic latticework appearance of the
fibrinous reaction in the anterior abdomen contrasts with the
anechoic peritoneal fluid. Involvement of the spleen is common
in advanced cases.

Ultrasonographic examination is strongly recommended
when considering surgical retrieval of the penetrating foreign
body, because the normal vigorous reticular contractions are
greatly impaired by adhesions. While the wire may be suc-
cessfully removed, prognosis for a return to full production is
guarded. Indeed, return to normal milk production takes up to
four weeks, even in those dairy cattle which have been ill for
less than 24 hours.

Localised peritonitis — peritoneal reaction may be limited to
focal fibrinous/fibrous adhesions and localised accumulation
of peritoneal fluid which has become enveloped by the greater
omentum. In this situation, the localised peritonitis will not be
imaged unless the lesion is in contact with the abdominal wall.

Occasionally, the peritoneal reaction is limited to a few fibri-
nous adhesions causing constriction that cannot be visualised.
In this situation, the intestines proximal to the lesion are grossly
distended with fluid (anechoic appearance, rather than contain-
ing normal digesta (anechoic appearance containing multiple
bright dots), and there are no propulsive intestinal contractions.

Generalised septic peritonitis — cattle with acute septic peritoni-
tis are dull and depressed, with an increased pulse often in excess
of 100 beats per minute, due to circulatory compromise, and are
anorexic with a painful expression. They are reluctant to move
and are slow to rise. Peritonitis involving small intestine results
in abdominal distension, due to fluid sequestration within the
intestines. Excessive accumulation of inflammatory exudate and
fibrin deposition over several days/weeks causes abdominal dis-
tension, despite a poor appetite.

Abomasum - the position and diameter of the abomasum
are determined by percussion, and interpreted in context with
other clinical findings. Abomasal ulcers cannot be detected by



ultrasonography, where volume and consistency of faeces and
presence of meleana and other clinical signs are more useful
findings.

Left-displaced abomasum (LDA) - the distended aboma-
sum occupies the craniodorsal area of the left side of the
abdominal cavity (under the rib cage), and auscultation and
succusion reveal high-pitched metallic ‘pinging’ sounds. Rumen
movements can be heard caudally in the sublumbar fossa.

Theoretically, paracentesis of the displaced abomasum con-
tents, aided by ultrasonography to reveal the presence of fluid
with no protozoa, and a pH around 2.0 (range 1.5-4.5), confirms
the clinical diagnosis, but this approach is rarely undertaken in
farm practice because the abomasum and rumen cannot readily
be distinguished, and the procedure can be time-consuming.

Small intestine — the wall of the small intestine is 2-3 mm thick,
with a diameter of 2-4 cm throughout its length. Normal intesti-
nal content is hyperechoic, containing multiple dots which are
regularly propelled by peristaltic waves.

Ileus - ileus most commonly results from peritonitis, with
resultant fluid distension of some sections of the intestine up to
6-10 cm diameter, with the contents appearing more anechoic
than normal, and no peristalsis. In the case of an obstruction,
sections of intestine proximal to the lesion are dilated, while
those distal to the lesion are empty.

Intussusception — there is initial mild colic, followed by inap-
petance and constipation. Palpation per rectum in adult cattle of
an elongated mass in the lower right abdomen is reported. Ultra-
sound images of single cases of intussusception are reported in
the literature, where fluid distension of the intestine cranial to
the lesion, and narrowing caudally, may help localisation, but
diagnosis is much more commonly based upon clinical exam-
ination in practice.

Caecal dilation - the distended caecum can readily be palpated
per rectum as a blind-ended sac, except for the rare occasion
when it becomes retroflexed. Ultrasound examination reveals
only the wall of the gas-filled caecum adjacent to the right flank
as far forward as the tenth intercostal space.

Liver — ultrasonographic examination of the liver can reveal
abscessation (Figure 15.8), tumours, cholestasis, and fatty
change in individual cattle. Liver abscesses can readily be
identified when close to the capsule surface, but systematic
examination may prove time-consuming in many situations
in farm practice. It is difficult to quantify the impact of the
lesion(s) on liver function, because the liver can compensate
by increased size/weight in most situations. It is also easy to
generate artefacts from overlying/adjacent intestine, and miss
subtle changes in echogenicity.

Ultrasound-guided aspiration of bile from the gall bladder has
been recommended for the detection of liver fluke eggs in cattle,
but such examinations are not necessary to establish a diagnosis
of a clinically significant patent infestation.
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Figure 15.8 Ultrasonography: well encapsulated 4 cm diameter liver abscess.

Liver biopsy

Prophylactic antibiosis and tetanus anti-toxin should be consid-
ered. Checking the prothrombin time before proceeding may be
a wise precaution. The equipment required is 10 % buffered for-
malin, a Tru-cut biopsy trocar, local anaesthetic, scalpel blade,
syringe, needle, antiseptic and alcohol. The site is best identified
ultrasonographically or 15 cm below the transverse processes in
the eleventh right intercostal space. The site is also defined by
imaginary lines from the wing of the ileum to the point of the
elbow and the point of the shoulder. The site is the area of the
eleventh intercostal space enclosed by these lines.

The hair is clipped and aseptically prepared. Local anaesthetic
is infiltrated subcutaneously and more deeply into the intercostal
muscles beneath. A stab incision is made through the skin at this
site. The biopsy needle is pushed through the skin incision and
aimed towards the opposite elbow. The needle is then pushed
into the stroma of the liver. Ultrasonography should be used to
guide the placement of the biopsy needle. The passage of the nee-
dle through the edge of the diaphragm and the liver gives a slight
grating sensation. A biopsy is then taken and the needle with-
drawn. The sample can then be placed in 10% formal-saline for
histopathology, or the fresh sample used for specific gravity tests
and chemical analysis for lipid content. Liver pathology, such as
fatty liver syndrome and a fibrotic liver from ragwort poisoning,
can be detected.

BSP and propionate liver function tests

BSP function test is now rarely performed, and is contraindi-
cated when there is hypoalbuminaemia or high bilirubin con-
centration. BSP is injected intravenously as a bolus at a dose rate
of 2mg/kg. A healthy control animal is useful for comparison,
although not essential, in view of legislation in many countries
worldwide. Blood samples should be taken after 5, 10, 15, 30 and
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45 minutes In most normal cattle, the dye has been cleared from
the blood after 30 minutes, allowing the half-life of the dye to be
calculated. In cattle with liver dysfunction, the dye is still present
after 45 minutes (normally less than five minutes).

At 30 minutes, the interpretation of liver dysfunction is based
upon the serum concentration as a percentage at the start of the
test: 5-10 % mild, 10-25% moderate, and >25% severe. Propi-
onic loading may be used to assess liver function. In a healthy
liver, this will cause a rise in blood glucose following increased
hepatic gluconeogenesis. Sodium propionate, at a dose rate of
3.0 mmol/kg, is administered intravenously. In healthy animals,
there will be a rise in blood glucose of at least 2.0 mmol/l after 30
minutes. Values less than this indicate a reduced liver function.

Atropine test

Bradycardia (40-60 beats/ minute), caused by an increase
in the vagal tone (vagotonia) has been recognised in vagal
indigestion, cattle deprived of food, and bovine spongiform
encephalopathy, and it can be confirmed by an increase in the
heart rate following the administration of atropine. Atropine is
administered slowly by the intravenous route or subcutaneously.
If the intravenous route is to be used, an indwelling catheter
should be placed some time before the administration in order
to avoid tachycardia induced by stress. The dosage of atropine is
administered subcutaneously, 0.06 mg/kg or 30 mg for a 500 kg
animal. A dosage of 0.02 mg/kg, or 10 mg for a 500 kg animal,
is given by slow intravenous injection. A rise in heart rate of
20 beats/minute is highly suggestive of increased vagal tone.
The response following intravenous administration is usually
observed within two minutes and persists for up to 30 minutes.
Using the subcutaneous route the response is usually seen
within ten minutes.

Urinary system

Urolithiasis is more common in yearling bulls, allowing rec-
tal examination, which reveals pulsation in the urethra and
marked bladder enlargement, extending well over the pelvic
brim, such that ultrasound examination is not necessary to
establish the diagnosis. Use of a transrectal linear ultrasound
probe reveals a distended bladder with thickened wall in cattle
with pyelonephritis, but images of the left kidney are not always
so helpful. Similarly, trans-abdominal ultrasound examination
via the right sublumar fossa seldom provides convincing evi-
dence of renal pathology. Dilation of renal calyces, echogenic
flocculent material within the renal pelvis and renal enlarge-
ment, are suggestive of pyelonephritis. Urine samples may be
obtained by perineal stimulation with the back of a gloved hand
(Figure 15.9), or by catheterisation of the urethra with a 18 g
dog catheter. A speculum with a light source is useful, and a
finger over the urethral diverticulum to divert the catheter into
the urethra is advisable.

Figure 15.9 Collection of a urine sample: perineal stimulation.
Further tests on milk

Californian Milk Test (CMT)/Rapid Milk Test (RMT)
The CMT measures the quantity of DNA in a milk sample, and
gives an indirect measure of the number of somatic cells present.
This test is cheap, easy to perform and is often used by herdsmen.
A milk sample from each quarter is placed into four wells of a
plastic paddle supplied with the test. The volume of the sample
is adjusted by pouring off the excess, using a marker in the pad-
dle. An equal volume of detergent is added to each well, and the
paddle is gently swirled. The more viscous the mixture becomes,
the greater is the somatic cell count. Interpretation is provided
in Table 15.5. Cell counts over 200 000 cells/ml indicate the pres-
ence of mastitis. There is also a pH indicator present, which turns
from purple to yellow with an acidic pH. However, although a
decrease in pH is associated with some types of mastitis, lack of
colour change does not rule out mastitis and, often, the colour
remains purple in the presence of mastitis.

Conductivity

There is an increase in sodium chloride concentration and elec-
trical conductivity 24-36 hours before the rise in somatic cell
count. Hand-held conductivity meters are available and can also
be fitted in-line in the parlour. Conductivity is usually measured
relative to the other quarters in the affected cow, although high
absolute values often indicate early mastitis.

Collection of mastitis milk samples

for bacteriology

Contamination of the sample is common following poor sam-

pling technique, so consequently the result is often misleading

or meaningless. The following protocol is suggested:

o The teat should only be washed if obviously dirty then dried
immediately.

« Wash hands and dry thoroughly.

o The end of the teat is cleaned with cotton wool swabs damp-
ened with surgical spirit.
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Table 15.5 Interpretation of the Californian Milk Test/Rapid Milk Test.

CMT score Interpretation Visible reaction Total cell count/ml
0 Negative No reaction 0-200 000 0-25% neutrophils
T Trace Slight precipitation 15 000-500 000 30-40% neutrophils
1 Weak positive Distinct precipitation but no gel 400 000-1 500 000 40-60% neutrophils
formation
2 Distinct positive Mixture thickens with gel formation 800 000-5 000 000 60-70% neutrophils
3 Strong positive Viscosity greatly increased. Strong gel > 5000 000 70-80% neutrophils

that is cohesive, with a convex surface

o The end of the teat is cleaned until the swab is no longer dis-
coloured.

o A pair of new disposable latex gloves should be worn.

« Two draws of foremilk are discarded.

« Remove the top from a wide-necked universal sample bottle,
with the lid held in the crook of the little finger.

o The sample bottle is held away from the udder to avoid con-
tamination from the udder skin.

o The teat is held angled towards the sample bottle and milk
withdrawn and directed towards the open mouth of the sam-
ple bottle.

o The bottle is filled with milk and the lid replaced.

« The bottle is labelled with the cow number, quarter, and date.
Milk samples for bacteriological culture can be frozen and

batched to reduce the cost. Storage for up to three months

results in a small reduction in successful cultures. Addition of
glycerol increases storage time up to 6-12 months, with little
reduction in cultural sensitivity.

Musculoskeletal system

Most cases of bovine lameness can be diagnosed without
recourse to radiography, ultrasonography, scintigraphy, ther-
mography, arthroscopy, muscle biopsies and histopathology
and sampling joint fluid, but these ancillary tests are invaluable
in particular pathologies.

Radiographs of the lower limbs can be taken using portable
sets available in general practice (Figure 15.10) but upper limb
investigations may need more powerful machines in veterinary
referral centres.

Ultrasonographic scans are useful for evaluation of soft tissue
structures, including joints, abscesses/cellulitis, muscle and ten-
don injuries. Scintigraphy uses radioactive technetium to detect
focal areas of inflammation, and it is particularly useful for
conditions of the hip joint in large animals, where radiography
can be difficult. Availability is restricted to veterinary referral
centres. Thermography uses a heat-seeking camera to detect
infra-red rays. It can detect small temperature differences,

Figure 15.10 Dorso-plantar view of both hindlegs of a calf reveals a
mid-shaft fracture of the left third metatarsal bone.

identifying the presence of inflammation, but availability is
restricted to referral centres (Figure 15.11a and b).

Muscle biopsies and histopathology are occasionally used to
identify white muscle disease and neurogenic disuse, such as
femoral nerve paralysis. Arthroscopy can be used to identify
cruciate rupture, degenerative joint disease and osteochondritis
dissecans; however, general anaesthesia is required, with avail-
ability restricted to referral centres. Nerve blocks are seldom
used in practice, because most lesions are within the foot.
Intra-articular anaesthesia and intravenous regional anaesthesia
(IVRA) are sometimes useful to identify the source of lameness.

Arthrocentesis (joint tap)
The technique is as follows:

The hair on the site over the selected joint is clipped and asep-
tically prepared to avoid introducing infection. A sterile 11/2” 19



144 Bovine Medicine

(@)

Figure 15.11 a. Joint penetration wound. b. Thermography: inflammation (white = hot) on the right hind leg.

Table 15.6 Distinguishing characteristics of synovial fluid from a normal joint, a joint with septic arthritis

and a joint with degenerative osteoarthritis.

Synovial fluid Appearance Clot WBCX10%/1 % neutrophils Protein (g/L)
Normal joint Clear - <0.25 <10 <18
Septic arthritis Turbid + 10.00 95 >40
Degenerative Clear - <0.25 <15 <20
Osteoarthritis +/— turbid

gauge hypodermic needle is introduced into a distended pouch
of the joint capsule, avoiding ligamentous structures, and a sam-
ple of synovial fluid is obtained by aspiration using a syringe. The
sample is then placed into an EDTA (for cytology and protein
content) and a plain tube (for bacteriological culture).

Table 15.6 indicates distinguishing characteristics of syn-
ovial fluid from a normal joint, a joint with septic arthritis,
and a joint with degenerative osteoarthritis. Ultrasonographic
demonstration of joint distension is useful where the joint
effusion cannot be palpated.

CNS

Cerebrospinal fluid (CSF) collection and analysis provides
rapid, in some situations instant, information to the veterinary
clinician investigating a disease problem in the living animal.
Cerebrospinal fluid analysis is particularly useful with respect
to confirming the presence of an inflammatory lesion involving

the leptomeninges, such as bacterial meningo-encephalitis, and
investigating potential compressive lesions of the spinal cord.
When correctly performed under local anaesthesia, lumbar CSF
collection in ruminants is a safe procedure, and there are no
harmful sequelae. There are no primary indications for cisternal
CSF collection in cattle practice other than at post-mortem,
when restraint is no longer a problem.

For CSF collection and examination, it is necessary to punc-
ture the subarachnoid space in the cerebellomedullary cistern
(cisternal sample) or at the lumbosacral site (lumbar sample).
While theoretically it may be desirable to collect CSF from
the site nearer the suspected lesion, this is not possible in

Table 15.7 Guide to needle length and gauge for lumbar
CSF sampling.

Calves <100kg
Calves 100-250 kg
Cattle >250kg

1inch19 gauge
2 inch 19 gauge
4 inch 18 gauge + internal stylet
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Table 15.8 Cerebrospinal fluid from normal cattle and cattle with bacterial encephalitis.

Parameter Normal CSF Bacterial encephalitis

Specific gravity 1.004-1.008 Increased

Colour Colourless Turbid (yellow/red)
(non-clotting)

Protein (g/L) 0.2-0.4 Increased >2

Albumin (g/L) 0.1-0.2 Increased

Globulin (g/L) 0.02-0.08 Increased

Leukocyte count cells x 10°/L 0-3 >30

Leukocyte differential. 95% lymphocytes Mainly neutrophils

Magnesium mmol/L 0.86 0.86

field situations. In the absence of a focal compressive spinal
cord lesion, there are no substantial differences between the
composition of cisternal and lumbar CSF samples.

Collection of lumbar CSF is facilitated if the animal can be
positioned in sternal recumbency with the hips flexed and the
pelvic limbs extended alongside the abdomen (typically calves
and recumbent adults).

The site for lumbar CSF collection is the midpoint of the
lumbosacral space, which can be identified as the midline
depression between the last palpable dorsal lumbar spine (L6)
and the first palpable sacral dorsal spine (S2). The site must
be clipped, surgically prepared, and between 1-2ml of local
anaesthetic injected subcutaneously. Sterile surgical gloves
should be worn for the collection procedure. In cattle, less than
250 kg hypodermic needles should be used because they are
sharp and can be discarded after a single use, and CSF wells
up as soon as the needle point enters the dorsal subarachnoid
space; internal stylets are unnecessary. In adult cattle, the 4”
spinal needle can be guided through a 2” 14 gauge disposable
needle for the proximal part of its length.

The needle (Table 15.7) is slowly advanced (over 10 seconds)
at a right angle to the plane of the vertebral column, or with
the hub directed 5-10° caudally. It is essential to appreciate
the changes in tissue resistance as the needle point passes
sequentially through the subcutaneous tissue and interarcuate
ligament, then the sudden ‘pop’ due to the loss of resistance as
the needle point exits the ligamentum flavum into the extradu-
ral space. Once the needle point has penetrated the dorsal
subarachnoid space, CSF will well up in the needle hub within
2-3 seconds. Failure to appreciate the change in resistance
to needle travel may result in needle puncture of the conus

medullaris. This causes unnecessary pain to the animal, which
must be avoided at all times.

Between 1-2 ml of CSF is sufficient for laboratory analysis and,
while the sample can be collected by free flow over 1-2 minutes,
it is more convenient to employ very gentle syringe aspiration
over 10-20 seconds. Table 15.8 indicates the differences between
cerebrospinal fluid from normal cattle and cattle with bacterial
encephalitis.

The normal range for CSF protein concentration quoted for
cattle is <0.3 g/L. Normal CSF contains less than 10 cells/uL,
which are predominantly lymphocytes with an occasional neu-
trophil. As a general rule, a predominantly polymorphonuclear
intrathecal inflammatory response is found in acute CNS bacte-
rial infections, whereas a mononuclear response is seen in viral
CNS infections.

Gross pathology and histopathology are useful in the pro-
visional diagnosis in neurological cases. Vitreous humour or
CSF samples can be used to check for magnesium concentra-
tion in cases of sudden death; magnesium concentrations of
<0.55 mmol/L in vitreous humour within 48 hours of death is
diagnostic for hypomagnesaemia.

Radiography, electromyography and electroencephalography
are used in some veterinary referral centres.

Further reading

Jackson, P. and Cockeroft, P. (2002). Clinical Examination of Farm Ani-
mals. Wiley-Blackwell.

Radostits, O. Mayhew, I. and Houston, D. (2000). Veterinary Clinical
Examination and Diagnosis. Saunders.



CHAPTER 16

Bovine Haematology and Biochemistry

Allan Kessell

Learning objectives

« To appreciate the range of tests routinely available in a bovine
complete blood count and biochemistry panel, as well as those
suggested in more limited/specific panels.

o To understand how patterns and degree of change in analyte
values away from the reference interval can be used to help
formulate a differential diagnosis/diagnosis, and suggest other
test modalities.

o To understand the responsibilities of the veterinarian when
collecting and submitting samples to the laboratory, with rela-
tion to quality of result.

o To understand the responsibilities of the laboratory in test
analysis and reporting, with respect to quality of result.

Introduction

When combined with history and clinical examination, haema-
tology and biochemistry can offer a relatively non invasive, eco-
nomical method of assessing the health status of a number of
organ systems in the bovine. There are several excellent reviews
on bovine biochemistry and haematology available (Suttle, 2004;
Jones & Allison, 2007; Russell & Roussel, 2007; Malmo et al.,
2010; Otter, 2013). Stockham & Scott (2008) is a useful text on
the basics of veterinary clinical pathology.

Sample collection, transport

It is the responsibility of the attending veterinarian to ensure
that samples for clinical pathological testing are collected,
identified, stored and transported correctly, so that they arrive
at the laboratory in a condition that eliminates, or at least limits,

changes in analyte values that can occur after sampling. It is
important that laboratory results reflect values that are as close
as possible to those within the animal at the time of sampling,
as post-sampling changes can lead to erroneous analyte values
and interpretation.

Blood for haematology and biochemistry can be collected
from the coccygeal (in adult) or jugular veins.

A haematological assessment of blood is really a fluid assess-
ment that involves the same broad steps involved in the
assessment of all conventional body fluids that have recorded
normal values (urine, blood, thoracic/abdominal fluid, joint,
cerebrospinal fluid). These are gross appearance; objective
assessment of cell numbers (in blood RBCs, WBCs, and
platelets); cytology (to assess type of cell and their morphology);
and, finally, a measure of protein concentration.

The blood and fluids must arrive at the laboratory suitably pre-
served, so that the cells can be accurately counted and assessed
and an accurate in vivo protein concentration obtained. A trau-
matic collection into an anticoagulant (purple top tube - EDTA),
and thorough mixing at the point of collection, are required to
inhibit clotting and iatrogenic hemolysis immediately after sam-
pling. A correctly made unstained blood smear at the time of
collection is especially important with bovine blood, as it greatly
enhances the accuracy of the WBC differential and morpholog-
ical assessment. This method is described in Chapter 6: The
Practice Laboratory. Degenerative changes in cells may be min-
imised by keeping the sample cooled in transport at 4°C. Acute
phase protein (APP) fibrinogen is removed by clotting, and a
plasma sample is required (EDTA, Li heparin). Coagulation tests
require a citrate tube (blue top).

The analytical methods used to determine most biochemical
parameters and serological tests are performed on serum (red
top tube), although an accurate glucose requires a grey top (flu-
oride oxalate) tube. Most trace element analysis is performed on
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a purple top tube (Li hep), except Zn (glass and plastic stoppers
may contaminate the sample with Zn). Special biochemical
tests (e.g. lead) may require different samples, and the receiving
laboratory should be contacted to ensure that the appropriate
samples are collected for the assay available at that laboratory.
Serum is best harvested after the blood sample has clotted and
contracted. This requires approximately 30 minutes. The serum
can either be carefully poured from the tube, leaving the clot
behind, or centrifuged and decanted. The harvested serum sam-
ple should kept cooled (4°C) until analysis. This will preserve
most of the analytes for about 24-48 hours. If there are going to
be lengthy delays in processing, freezing at —20°C is suggested.

It is essential that all samples are correctly identified, and that
they come to the laboratory with a fully completed sample sub-
mission form.

Sample packaging must conform with state and country laws
and, for blood and biochemical analysis, this usually requires
adequate packaging so as to prevent leakage, often involving
2-3layers. Regulations and instructions regarding the ‘Inter-
national Carriage of Dangerous Goods by Road’, published
by the United Nations Economic Commission (UNECE) for
Europe, can be found at the following website: http://www.unece
.org/trans/danger/publi/adr/adr2005/05contentse.html, but are
summarised here as they pertain to likely clinical specimens.
Samples can be categorised as:

Category A: an infectious substance which is carried in a form
such that, when exposure to it occurs, it is capable of causing
permanent disability, life-threatening or fatal disease to humans
or animals; or

Category B: an infectious substance which does not meet the
criteria for inclusion in Category A. These generally include
diagnostic or clinical specimens that concern us here, and
are assigned to UN 3373. Packaging required for this class
is covered under ADR Packing Instruction P650, and can be
summarised as:

1 The primary receptacle holding the sample must be leak-proof
for liquids and sift-proof for solids.

2 The primary receptacle is placed within a secondary recepta-
cle which is big enough to allow enough absorbent material
to be placed around the primary receptacle/s to absorb a full
volume spill or leak. If there are multiple primary receptacles,
they must be separated from each other by packing within the
secondary receptacle.

3 The paperwork should be placed between the secondary
receptacle and the outer packaging, ideally within a water-
proof bag.

4 Outer packaging with suitable cushioning material is required
to secure the secondary receptacle, and should clearly display
the UN3373 marking.

5 Packaging should be clearly labelled with the delivery address
and sender’s details, in addition to telephone contact details.
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Laboratory procedures

Once the sample arrives at the laboratory, it is then the responsi-
bility of the laboratory to process the sample and report accurate
results in a speedy and efficient manner. Laboratories use inter-
nal quality controls to continually assess the accuracy of results,
and most laboratories participate in external proficiency testing
schemes. As well larger laboratories are accredited and assessed
by various official organisations (e.g. NATA in Australia, UKAS
in the UK).

Most analytes will be reported with reference intervals. These
have usually been established by the laboratory, using their
own machines and analytical methods, on samples from a large
number of healthy animals (usually 60-120), and the top and
bottom 2.5% of results discarded. This is important, as different
methods, different machines and methodology, as well animal
characteristics (breeds, age) may result in variation of the refer-
ence interval (Knowles et al., 2000). Reference ranges may even
change with time (George et al., 2010).

Haematology

Laboratory reference values, with additional comments, are
presented in Table 16.1. Haematology is the study of blood and
blood forming organs. This section will consider changes within
the peripheral blood parameter values that provide useful infor-
mation on the state of health of the animal. Haematology allows
the clinician to assess for the presence of inflammation and
anaemia and, in combination with biochemistry, may provide
a diagnosis or differential diagnosis and/or suggest other test
modalities.

Laboratories have machines that use laser and/or impedance
technology to count red blood cells (RBCs), white blood
cells (WBCs) and platelets, but WBC differential, RBC/WBC
morphology, and the platelet counts are assessed manually
by a trained haematologist. This allows the calculation of the
absolute number and morphology of different types of cells,
which can inform the degree and severity of inflammation,
and the classification or cause of the anaemia, as well as check
for platelet clumping. The latter will invalidate a machine or a
manual platelet count.

Red blood cells

Red blood cells are produced in the bone marrow under the
influence of various cytokines and growth factors, the most
important of which is erythropoietin (EPO), which is pro-
duced by the kidneys. In health, the bovine peripheral RBC
has an average life span of 150 days, and accumulated aging
changes result in the removal of nearly 1% of aged RBC by
splenic macrophages/day (extravascular hemolysis). Thus,
extravascular hemolysis and medullary erythropoiesis result
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Table 16.1 Bovine haematological and biochemistry reference intervals.

Parameter Reference Comments
Interval
RBC Count 5-10 x 10"?/L Laser/impedance countered
Haemoglobin 80-1504g/L Measured
PCV 0.24-0.46 UL Packed cell volume — measured
Haematocrit 0.24-0.46 /L = calculated PCV = MCV (fl) x RBC(x 10'?/L) /1000; prone to error
MCV 40-60fL —indices used to classify anaemia as microcytic (IMCV), hypochromic
(IMCHC): usually Fe deficiency — chronic blood loss (usually)
MCHC 300 -36049/L
MCH 11-17 pg Mean corpuscular haemoglobin
Reticulocytes 0 Requires polychrome methylene blue stain and manual count to enumerate
WBC count 4-12 x10°/L Laser/impedance countered
Neutrophils 0.6-4.0 x10%/L Absolute number = WBC count x manual % of each WBC

Band neutrophils
Lymphocytes
Monocytes
Eosinophils
Platelets

Plasma protein
Fibrinogen
Serum protein
Albumin
Globulin

Sodium
Potassium
Chloride
Bicarbonate
Anion gap

Calcium

Phosphate

Magnesium

BOHB
NEFA
Urea
Creatinine
CcK

AST
GLDH
GGT

Bilirubin

<0.2 x10°/L
2.5-7.5 x10%L
< 0.9 x10%/L

< 0.8 x10°/L
150-650 x 10%/L
60-80 g/L
3-79g/L
58-80g/L

22-36 /L

24-40 g/L

132-152 mmol/L
3.9-5.8 mmol/L
95-110 mmol/L
20-30 mmol/L
14-26 mmol/L

2.0-3.0mmol/L
1.29-2.26 mmol/l

0.6-1.1 mmol/L

<1.0mmol/L
See Table 16.3
2.1-9.6 mmol/L
90-120 umol/L
50-400 U/L
60-150 U/L
<20UL

< 36U/L

2-18 pmol/L

— 1 no. immature (band) neutrophils =

inflammatory demand, but

fibrinogen a more reliable indicator of inflammation

Significant clumping will invalidate machine and manual counts

Estimated-refractometry

Acute phase protein — measured, often via the Miller method (see chapter 6)

= albumin + globulins («, B, v)

1= dehydration;|= loss (GIT, urine, third space) or lack of production (end stage liver disease, severe malnutrition)

Calculated = TP — albumin; 1 = antigenic stimulation, dehydration

Anion gap = (Na?* K*) - (Cl—+ HCO;")

= an approximation of the unmeasured anions
— these are usually anions produced in metabolic acidotic states’
e.g. Ruminal acidosis, lactic acidosis, shock, renal failure

Clinical hypocalcaemia Ca usually < 1.5; extreme levels Ca < 0.25

phosphate levels usually <1 with milk
fever

Hypomag: CUM? <12; Tetany —serum
Mg < 0.4

Reflects current
dietary intake

Levels will vary depending of degree of fat mobilization

Good indicator of level of fat mobilization

50% excreted into GlT/saliva; blood urea N = urea x 2.14

Not resorbed from renal tubules; good estimate of GFR

Muscle specific enzyme; level can be used prognostically (see Table 16.4)

Muscle and liver; longer half-life than CK

Hepatocellular specific; increase indicates hepatocellular necrosis

High levels in colostrum — can be used as a measure of passive transfer (Table 16.4)

Tissues noticeably yellow(jaundice) when bilirubin > 45 pmol/L

TEwaschuk et al. (2003), Malmo et al. (2010).
2CUM = corrected urinary magnesium = urinary Mg/urinary creatinine (Sutherland et al., 1986).
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Figure 16.1 High power view of peripheral blood smear from a bovine with
a regenerative anaemia. This is suggested here by the presence of
polychromatophils (large arrows) and nRBCs (small arrow).

in adequate numbers of healthy RBCs in the blood, capable
of meeting the oxygen demands of the animal. In the face of
increasing oxygen demand or loss of functioning RBCs (e.g.
animals at altitude or undergoing RBC loss), healthy bone
marrow will increase the rate of erythropoiesis.

Anaemia

Anaemia is diagnosed when there is a decreased RBC count,
packed cell volume (PCV) or haemoglobin concentration in
the peripheral blood. If the anaemia is caused by blood loss
or haemolysis, the anaemia is said to be ‘regenerative’, as the
bone marrow is able to respond to the anaemia by increased
production of RBCs. This takes 2-4 days to be measurable in
the peripheral blood and, in most mammals, detection of signs
of regeneration relies on the presence of increased numbers
immature RBCs within the peripheral blood. Healthy bovines
do not normally have detectable immature RBCs (polychro-
matophils and reticulocytes) within the peripheral blood. In the
event of blood loss or haemolysis, they respond by increasing
the output of immature RBC. These include larger and nucleated
RBCs, reticulocytes with polychromasia and anisocytosis, and
basophilic stippling. Some of these changes are illustrated in
Figure 16.1 and Figure 16.4. If these responses are not observed
within four days of the onset of the event which caused the
anaemia, then the anaemia is ‘non regenerative’, as the bone
marrow has not responded adequately.

The assessment of anaemia as regenerative or non-regenerative
is important, as it aids in the diagnosis of the cause. Both are
common, and the morphologic assessment of RBCs can be
helpful in further defining the cause. The commonest cause of a
non-regenerative anaemia is ‘anaemia of inflammatory disease’,
largely mediated by the secretion of hepcidin from hepatocytes,
which causes both the inhibition of iron absorption from the
GIT and export of iron from macrophages and hepatocytes
(Fry, 2010). Common causes of bovine regenerative and non
regenerative anaemia are presented in Table 16.2.
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Polycythaemia

Polycythaemia refers to a true increase in the circulating RBC
mass, and is diagnosed by an increased RBC count, PCV and
haemoglobin concentration in the absence of dehydration.
Spurious (or relative) polycythaemia, better referred to as
haemoconcentration, is common in ruminants and is usually
caused by dehydration. Dehydration can increase the value
of other analytes, including total protein. If dehydration is
not present, the animal may have true polycythaemia or sec-
ondary polycythemia. Primary polycythaemias are caused by
rare, primary, inherited defects, resulting in bone marrow
hyperplasia and neoplasia (polycythaemia vera). Secondary
polycythaemia is due to conditions that result in increased
EPO secretion by the kidneys. This may occur in response to
hypoxia, which may be caused by lowered oxygen at altitude,
cardiac diseases (e.g. ventricular septal defect and congestive
heart failure), severe pulmonary conditions (sever chronic
pneumonia) or inappropriate renal EPO secretion (some renal
neoplasia, occasionally polycyctic/hydronephrotic kidneys).

White blood cells

Adult healthy bovines have a ratio of one neutrophil to two
lymphocytes in their blood count although, in animals less than
six months old, neutrophils are predominant, and they may
have higher total WBC counts than adults. All WBCs arise from
a common precursor in the bone marrow, although matura-
tion and proliferation of lymphocytes takes place in a number
of lymphoid organs outside the bone marrow and they can
circulate between tissues and blood via the lymphatic system.
Assessment of the absolute numbers of different types of WBCs,
as opposed to just the WBC count, is useful in bovines to dif-
ferentiate the responses due to inflammation, stress, excitement
and neoplasia. However, the degree of change is often less than
that seen in other species.

Neutrophils and inflammation

Whilst neutrophilia with a left shift is the prototypical response
to an acute inflammatory insult in most domestic animals,
bovine bone marrow contains only a small pool of mature
neutrophils available for export to the blood (and tissues) when
placed under a sudden inflammatory demand. Thus, acute
inflammatory responses in bovines are often characterised by a
neutropenia, as demand initially exceeds supply. Neutropenia is
also seen in endotoxaemia, due to increased movement of neu-
trophils from the circulating (sampled) pool to the marginating
pool. Within 24-48 hours, immature band-form neutrophils
may appear. These can be seen in Figure 16.2.

Band-form neutrophils are an important indicator of an
inflammatory response when neutrophils are below or
within normal range. It is not uncommon, at this stage of
the inflammatory response, to see morphological changes
within neutrophils that are referred to as ‘toxic changes’. These
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Table 16.2 Common causes of regenerative and non-regenerative anaemia in bovines.

Regenerative - immature RBCs may be present
Blood loss
e Internal

ruptured uterine artery, vessel erosion (abscess)
o External

castration, dehorning, abomasal ulcer, haemorrhagic enteritis, trauma, blood sucking parasites

(ticks, lice)

* Acute — may see Jtotal protein

e Chronic — primarily GIT loss with developing Fe' deficiency and microcytic (|MCV) and

hypochromic (|MCHC) anaemia

Coagulopathy
lprimary haemostasis =|platelet number or function

Non Regenerative — immature RBCs not present
Pre-regenerative
e Acute blood loss or hemolysis < three days duration

Reduced erythropoiesis
e Primary bone marrow disease (less common)

o toxic : bracken fern, mycotoxins, lead

o neoplasia

o congenital dyserythropioesis (Poll Hereford)’
e Secondary bone marrow disease (common)

o chronic inflammatory disease (common)

o end stage renal failure (| EPO)

o malnutrition — |Fe', Cu%, Co®

e Marked thrombocytopaenia = platelets < 20 x 10%/L, e.g. BVDV type 2, bone marrow failure

secondary to pterquiloside poisoning (bracken ferns)

e Reduced platelet function (can be congenital in cattle) | secondary haemostasis(1PT/PTT), e.g.

dicourmarol in mouldy sweet clover, factor XI deficiency (Holsteins), DIC
Haemolysis —extravascular/ intravascular?
* RBC parasites’
e Heinz body : plants (Allium sp., Brassica sp, onion® toxins: Cu, chronic lead
e |phosphate (IV haemolysis, Heinz body)

e Bacteria : Bacillary haemoglobinuria (Cl. novyi type D — IV hemolysis); Leptospira pomona (calves)

e Other — has been added to list following
o Water intoxication
o Bovine congenital erythropoietic porphyria
o Copper poisoning (calves)
o Postparurient haemoglobinuria |phosphate
o Selenium deficiency

Regenerative — immature RBCs may be present

Non-regenerative — immature RBCs not present

'Fe deficiency — anaemia will be regenerative at first, but when Fe becomes limiting to haemoglobin production within the bone marrow, the anaemia will become
non-regenerative. Microcytosis/hypochromasia develops as the RBC precursors within the bone marrow continue to divide in an attempt to reach the ‘correct’

haemoglobin concentration.

ZIntra-vascular hemolysis — will also see haemoglobinaemia/uria (red plasma/red urine) EV hemolysis — usually more pronounced jaundice.
3 Anaplasma central/marginale, Babesia bovis and bigemmina, Theileria sp. (esp. T. orientalis subsp. ikeda).
4Cu is involved in the incorporation of Fe into heme, and so may present similar to Fe deficiency anaemia.

>Co (Vitamin B12): required for DNA synthesis
SLincoln et al. (1992).
7Steffen et al. (1992).

PT (Prothrobin time), PTT (Partial Thromboplastin Time), DIC (Disseminated intra-vascular coagulation), EPO (erythropoietin).

result from an accelerated release of immature neutrophils,
characterised by cytoplasmic vacuolation, granularity and vari-
able nuclear fragmentation. These changes can be observed
in Figure 16.2. With time, left-shift neutrophilia or mature
neutrophilia may develop if the inflammatory stimulus persists,
sometimes with a monocytosis.

The degree of elevation in the absolute neutrophil count is
smaller than is seen with other common domestic species. For
instance, descriptors of mild, moderate or marked neutrophilia
may be assigned to neutrophil counts of <8 x 10°/L, 8-15
X 10°/L, and >15 X 10°/L respectively in cattle, as opposed
to <15 x 10°/L, 15-25 x 10°/L, and >25 X 10°/L in the
horse, or <20 x 10°/L, <30 x 10°/L and <50 x 10°/L in dogs.
Inflammation may not always be reflected in elevated WBC
numbers, left shift or toxic change, especially if the focus of

inflammation is encapsulated, or blood sampling is done later
in the disease process. Other measures or indicators of inflam-
mation, such as fibrinogen and other APPs and globulins, may
be helpful in these conditions.

Stress
Stress may also cause mature neutrophilia, but a left shift and
toxic changes are not seen. There is also a lymphopenia and
eosinopenia (although this latter cell is present in low numbers
in normal leucograms). The degree of increase in absolute
neutrophil numbers is, again, less than in other species with
stress, so that the total WBC count may be within normal
reference limits.

A physiological response to epinephrine can cause an ‘excite-
ment’ leucogram pattern, in which there is a mild neutrophilia



Figure 16.2 High-power view of a peripheral blood smear from a cow,
showing a toxic left shift within the neutrophil line. Note the band-form
neutrophil (large arrow) with increased staining and granularity of the
cytoplasm, and some nuclear fragmentation (small arrow).

and mild to moderate lymphocytosis. This is seen in young
animals although, again, the response is less than in other
species.

Monocytes

Monocytosis may develop in the face of a chronic inflamma-
tion, but may also be seen with necrosis and increased hemolysis.
However, its presence is inconsistent.

Lymphocytes

The size of lymphocytes within the peripheral blood is normally
variable in the bovine, and small to medium lymphocytes are
common. Figure 16.3 is a peripheral blood smear, showing the
variability in size and morphology of bovine lymphocytes. In
disease states that result in antigenic stimulation, large activated
lymphoid cells with intra-nuclear nucleoli can be present, resem-
bling neoplastic lymphoid cells. Persistent lymphocytosis is often
seen with bovine leucosis virus infection, although only a small
number of these animals go on to develop lymphoma with leuke-
moid expression (Ferrer et al., 1979). In these cases, neoplastic
lymphocytes may be seen in the peripheral blood.

Eosinophils

Accepted wisdom is that eosinophils increase in the peripheral
blood and affected tissue in allergic or parasitic conditions. How-
ever, although eosinophilia can be seen, it is inconsistent and
may be seen with other inflammatory conditions, and it may be
absent in allergic and parasitic infections.

Dehydration

The total plasma protein concentration is easily estimated with
refractometry and, along with the PCV, is a useful baseline
parameter to assess for detection of dehydration and anaemia.
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Figure 16.3 High power view of a peripheral blood smear showing the
variability in size and morphology of bovine lymphocytes.

Fibrinogen and acute phase proteins

Fibrinogen, along with haptoglobin and serum amyloid A
(SAA), is an APP made by the liver under the influence of
cytokines released from macrophages during inflammation,
and can be used as a non specific indicator of inflammation.
Fibrinogen is relatively easy to calculate in the clinic laboratory
(refer to Chapter 6), and is often a more reliable indicator of
inflammation than total or differential WBC counts; thus, its
calculation is mandatory. However, it takes 36-48 hours to
increase in the circulation following an inflammatory event,
so, in acute inflammatory situations, fibrinogen may be within
normal range, and other APPs (haptoglobin and SAA) may be
more sensitive indicators of inflammation (Horadagoda et al.,
1999; Chan et al., 2004; Petersen et al., 2004). However, they are
not generally available at the moment in diagnostic laboratories.

Biochemistry

Normal references ranges for a comprehensive list of biochemi-
cal analytes are provided in Table 16.1. Limited biochemical pro-
files include analytes that offer diagnostic information in com-
mon bovine disorders. Examples of bovine biochemical panel
profiles are in Table 16.3. These certainly have their place but it
is also useful, at times, to more broadly assess health status with
a more complete set of results, especially when presented with a
disease of unknown aetiology. Analytes measured in isolation do
not allow a more holistic appraisal of what is occurring in these
situations where, often, patterns of change are important, and
where normal results may prove as useful as abnormal results in
ruling in and ruling out important pathophysiologies.

It is useful here to briefly discuss each of the analytes listed in a
complete profile, and attempt to give some quantitation to what
may be considered mild, moderate or marked changes away
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Table 16.3 Bovine biochemical profiles.

Panel Analytes included Analyte Mild’ Moderate' Marked" Extreme'’
Downer Cow Ca, Mg, PO,, CK, (BOHB, urea) Ca (mmol/L) <2 <15 <1 <0.5
CK <5x <10 x > 50 x > 100 x
Muscle CK, AST AST <2X <3x% >5x > 8 X
Liver GLDH (or SDH), GGT; (bilirubin, GLDH <2 X <4 x >8x > 20 %
total protein, albumin, bile acids) GGT <2x <dx 56 x < 20 x
Bilirubin <2x <3 X >5x > 8 X
Renal Creatinine, urea Creatinine <2X <3x >5x% > 8 x
USG USG >1.025 when dehydrated — indicates adequate renal function (azotaemia prerenal)
Metabolic Ca, Mg, P, BOHB BOHB: mmol/L? NEFA : mmol/L?
+/— urea, NEFA, glucose Dry-off < 0.6 Pre-calving < 1.4
post-calving Peak lactation< 0.7

— subclinical ketosis > 1.4

- ketosis > 3.0

Electrolytes Na, Cl, K, HCO3~

—mild : LDA3

1Cl - often seen with stasis of forestomachs, e.g.

- moderate to marked : RDA*(< 70 mmol/L): often results in metabolic
alkalosis with paradoxical aciduria
— |K —anorexia, metabolic acidosis (calf diarrhoea)

Trace element Cu, Se, Co (vitamin B12), Zn

(Suttle, 2004)

Cu : serum screening (liver biopsy preferred)
Se : GSH-Px — EDTA/heparin blood

Co: serum cobalamine, chilled and light protected
Zn: special blood tubes required (ring lab)

Ca~ Calcium; PO, — Phosphate; Mg — Magnesium; BOHB -  hydroxybutyrate; AST — Aspartate aminotransferase; GGT -y glutamyltransferase; GLDH ~Glutamate
dehydrogenase; SD — Sorbital dehydrogenase; Cu — Copper; Co — Cobalt; Se —Selenium; Zn — Zinc; GSH-Px — Glutathione peroxidise.
degree of elevation: numbers represent multiple of the upper reference limit, except Ca, which is in mmol/L

2Qetzel (2004)
3RDA - Right displaced abomasum
4LDA - Left displaced abomasum

from the reference interval. These often relate to the severity,
type and, sometimes, distribution of histopathological change,
and thus are diagnostically important.

Total plasma protein

Total plasma protein is composed of albumin and globulins, the
value of the latter being derived from the difference between
total protein and albumin (both of which are measured).
Changes in all of the fractions are useful diagnostically. There
are a large number of globulin fractions, most of which are not
individually measured in a normal profile (with the exception
of fibrinogen). These may be separated by electrophoresis and
other methodologies, and are broadly grouped into a glob-
ulins (e.g. transport molecules for thyroxine/cortisol/lipids/
copper/haemoglobin; antithrombin III; plus o, macroglobulin),
B globulins (e.g. transport molecules for Fe - transferrin, fer-
ritin; plus C reactive protein, C3/C4, plasminogen, fibrinogen,
clotting factors) and y globulins (primarily IgG).

Relative increases in all fractions occur with dehydration, and
dehydration is the only cause of an elevated albumin. Some
proteins increase in inflammation - in particular, the APPs fib-
rinogen (can reach 10-15 g/1) and the immunoglobulins (some
B and the y globulins). Fibrinogen and the immunoglobulins
can increase enough to significantly elevate the total protein
measured. To correct an increased fibrinogen for possible
dehydration, the total protein-to-fibrinogen ratio can be cal-
culated. A ratio of < 10 : 1 indicates an absolute increase
in fibrinogen and suggests inflammation as the cause of the
increased fibrinogen. However, globulins also often increase
with inflammation, increasing the total protein and, possibly,
decreasing the usefulness of this ratio.

Decreases in total protein concentration may be seen in
conditions in which either albumin and/or globulins are lost,
or fail to be produced. Near end-stage liver disease is required
to result in decreased albumin, cholesterol and clotting factors
(these are all synthesised by the liver), because of the large



functional reserve of the liver. These changes are seen in those
conditions that result in diffuse severe hepatic loss, such as
pyrrolizadine alkaloid poisoning. Albumin may be lost in
protein-losing enteropathies (e.g. Johne’s disease, parasitic gas-
troenteritis), protein-losing nephropathies (e.g. amyloidosis),
or into third spaces (e.g. pleuritis, peritonitis). In some of these
conditions, it is primarily albumin that is lost (e.g. amyloidosis);
in entropathies and effusions, it can be both albumin and glob-
ulins which are lost. If inflammation is the cause of the loss, the
total protein can actually increase because of the inflammatory
stimulus to globulin production. Dehydration may mask these
changes.

Serum enzymes

Serum enzymes are proteins that catalyse chemical reactions
within the cell, and increased levels within the serum of those
routinely measured are largely due to release from damaged
cells (CK, AST, GLDH, SD). Some membrane enzymes are
inducible (ALP, GGT), and some may increase where there is
cellular hyperplasia (GGT - bile ducts). Some of these enzymes
are considered tissue-specific when elevated within serum,
for example CK (heart and skeletal muscle) and GLDH/SDH
(hepatocellular necrosis). The enzyme GGT is associated with
the brush border of hepatocytes, biliary epithelial cells, renal
tubular cells and mammary epithelial cells (Latimer, 2011;
Kaneko et al., 2008). Raised levels in the serum are largely due
to cholestasis, as renal tubular damage/induction will result in
raised levels of GGT in urine, and raised levels within mammary
epithelial cells are reflected by raised levels in colostrums and,
therefore, in post-suckled calf serum. In fact, the level of serum
GGT can be used to assess the adequacy of passive transfer of
immunoglobilins to the calf (see Table 16.4)

Other enzymes are less specific (AST - muscle, liver and RBC),
and some are rather non-specific, found in significant amounts
in a wide range of tissues (ALP), and may be left out of the nor-
mal complete biochemistry panel for that reason by some labo-
ratories. However, the pattern of change may allow deductions
to be made with regard to specific tissues. For example, in the
absence of haemolysis, a raised AST with normal CK and ele-
vated GLDH indicates that elevated AST is secondary to hepa-
tocellular necrosis and not myonecrosis.

The degree of elevation in particular enzymes may have prog-
nostic value. In Table 16.4, the degree of elevation in muscle spe-
cific CK is used as a predictor of outcome in downer cows. The
half-life of the enzyme is important as well. The enzyme SDH has
a short half-life and, thus, may be of limited value in assessing
hepatocellular necrosis unless sampled soon after the insult. The
pattern of rise and fall of CK (short half-life) and AST (longer
half-life) may allow an assessment of the temporal persistency
of ischaemic necrosis in the downer cow.
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Urea and creatinine

Urea and creatinine are waste products of protein catabolism.
Creatinine arises from the breakdown of the muscle energy
storing compound phosphocreatine, and is removed from the
body via filtration of plasma at the glomerulus. Creatinine is not
significantly resorbed or excreted elsewhere, and thus its plasma
level is a good estimate of glomerular filtration rate (GFR),
which may be affected by prerenal (hypovolaemia, dehydra-
tion, shock), renal (various) or post-renal (usually obstructive)
causes. Urea is produced by the liver from ammonia produced
by bacteria in the GIT from protein breakdown; however,
ruminants re-excrete urea into the saliva and GIT, where rumen
microorganisms incorporate it into protein. Thus, plasma
urea levels are an unreliable measure of GFR in ruminants. In
bovines, it has been used as a measure of protein catabolism.

Bilirubin

Bilirubin is a by product of heme breakdown, and elevations in
the blood may be secondary to pre-hepatic causes (e.g. increased
hemolysis, especially extravascular), hepatic causes (decreased
clearance of unconjugated bilirubin by hepatocytes from the
blood, decreased excretion of conjugated bilirubin from hep-
atocytes into the bile) or post-hepatic causes (cholestatic). If

Table 16.4 Use of serum GGT levels in
calves to estimate passive transfer, and
CK levels in downer cows to estimate
prognosis for recovery.

Day GGT U/L! CK x URI2
1 196 50
2 136 44
3 112 38
4 99 29
5 9 23
6 84 17
7 79 10
8 75 -
9 71 -

10 69 -

TEstimate the serum GGT activity that
would be equivalent to a serum IgGl
(RID) concentration of 10g/L in calves
< 3 days old (after Parish et al., 1997),
i.e. numbers less than those recorded
against each day measured may indi-
cate suboptimal passive transfer.
2Elevations of CK (in multiples of the
upper reference limit — URI) on days 1-7
above which there is a < 5% chance of
recovery (after Clark et al., 1987).
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hemolysis is the cause, this will be accompanied by anaemia,
which will be regenerative if of more than three days duration.
If there is intravascular hemolysis, the plasma and urine may be
discoloured red. Hepatic insults resulting in reduced clearance
of bilirubin often affect the biliary tract as well. This results
in cholestasis, with elevations in hepatocellular (GLDH) and
cholestatic (GGT) markers concurrently. In the experience of
the author it is extremely difficult to try to separate or quantitate
which process is primary based on the degree of change within
these markers. In some chronic, near-end stage hepatic diseases,
elevations in these enzymes may be minimal, as there may be
little residual normal tissue left.

Complicating the assessment of rises in bilirubin in cases
of moderate to marked acute anaemia are increases in hepa-
tocellular enzymes secondary to anoxic necrosis of periacinar
hepatcytes. Bilirubin rises in these instances may be due both
to hemolysis and hepatic causes. In bovines, mild increases
in bilirubin may be seen with anorexia. Elevations in indi-
rect (unconjugated) bilirubin occur in haemolytic anaemia,
and those in direct (conjugated) bilirubin occur in bile duct
obstruction cholangiohepatitis.

Energy metabolism

Energy metabolism in bovines is an extremely important and
complex topic, especially in dairy cows during the transition
period from late pregnancy to the early part of lactation. There
are also some excellent reviews available (Whittaker, 2004;
Oetzel, 2004; Maas, 2007 Radostits, 2007; Malmo et al., 2010).
Some bovine tissues have the ability to use ketones rather than
glucose as a source of energy, but not the brain. Glucose is also
required to allow the oxidation of non-esterified fatty acids
(NEFA). These are derived from mobilisation and breakdown
of triglycerides from adipose tissue, and subsequent production
of ATP via the TCA cycle (especially important in times when
energy demand exceeds supply).

Bovines derive only approximately 10% of their blood glucose
directly from the GIT, as most dietary carbohydrate is converted
to volatile fatty acids (acetic, butyric, proprionic) by the ruminal
microflora. Hepatic gluconeogenesis, largely using proprionic
acid or amino acids as a precursor, supplies the large majority
of blood glucose, while acetic acid is more usually incorporated
into fat. When fatty acids cannot enter the TCA cycle because
glucose is limiting, or the degree of fat mobilisation is excessive
(both of which can occur in times of high metabolic demand),
the liver accumulates excessive fat (fatty liver), and increased
amounts of ketones are formed (resulting in subclinical or
clinical ketosis).

Thus, glucose, p hydroxybutyrate (BOHB- a ketone body) and
NEFA all have relevance in assessing energy balance, especially
in high producing dairy cows within the transition period.

Glucose and BOHB are two analytes routinely measured in
complete bovine profiles, and NEFA may also be requested
during the transition period. These analytes can also be mea-
sured as part of a metabolic profile (Table 16.2). For the BOHB
and NEFA interpretation, it is important that laboratories have
well-established reference intervals for the different stages of late
pregnancy and early lactation that are valid for their machine
and methods. BOHB is the main ketone found in serum, and
the most stable in serum; it is not excreted into urine and, thus,
urinary tests for ketone bodies detect acetoacetate and, to a
lesser extent, acetone.

Disorders of Ca, Mg and phosphorus

It is important to remember that biochemical profiles measure
the total Ca and Mg in the serum, not the ionised free (and bio-
logically active) forms. This may be important with measures
of total Ca, where conditions that result in low albumin may
affect the total Ca but less so the free, ionised Ca. However, the
degree of protein binding is not linear over a physiologic range
of albumin, and total calcium may often be used (Bienzle, 1993).
Inorganic phosphorus (routinely measured in serum) is excreted
from the body via the kidney, and thus may also be elevated
when GFR is decreased by whatever cause.

Electrolytes

Sodium is the most abundant extracellular fluid (ECF) ion and
is a major contributor to the ECF ionic concentration. Hyperna-
traemia and hyperchloraemia occur in patients with salt toxicity
and water deprivation, but are uncommon in dehydrated ani-
mals, due to the loss of electrolytes as well as water.

Potassium is mostly intracellular, and so serum measurements
may be falsely elevated in haemolysed samples. Potassium can
move between physiological compartments to provide a buffer
against changes in pH; thus, serum K* levels must be inter-
preted in conjunction with acid-base status. Acidosis is usually
accompanied by hyperkalaemia as K™ moves from the intra-
cellular fluid (ICF) to the ECF, even though total K* may be
unchanged or even depleted. In contrast, alkalosis frequently
results in hypokalaemia, as K* moves into ECF and is excreted
by the renal tubule in favour of retaining hydrogen ions.

There is a high turnover of electrolytes within the gastroin-
testinal tract during normal function. Sodium and HCOj; are
secreted in saliva, H" and Cl~ are secreted in the abomasum
and HCO,~ is secreted in the small intestine. The small intestine
absorbs dietary K* and the large intestine absorbs Na*, HCO, ",
CI” and H,0. One common cause of imbalance is diarrhoea,
where decreased transit time reduces absorption and leads to
dehydration, metabolic acidosis, Nat and K* loss. Another
example is upper gastrointestinal obstruction, where H*, Cl~
and K* become sequestered



Table 16.5 Interpretation of acid-base parameter values.

Acid-base status Blood pH pCoO, HCO,

Normal Normal Normal Normal
(venous (venous (venous
7.35-7.50) 34-45 mmHg) 20-30 mmol/L

20-30 mEg/L)

Metabolic acidosis

Uncompensated L N L

Compensating L L L

Respiratory acidosis

Uncompensated L H N

Compensating L H H

Metabolic alkalosis

Uncompensated H N H

Compensating H H H

Respiratory alkalosis

Uncompensated H L N

Compensating H L L

L (low), H(High), N (Normal)

Disorders of acid-base

Deviation from normal pH only occurs once physiological
buffering mechanisms are exhausted. Bicarbonate is the major
pH buffer. The buffering system can be summarised by the
Henderson-Hasselbach equation, as follows:

H* + HCO,” < H,0 + CO,

Acidosis and alkalosis can be metabolic or respiratory. Respi-
ratory acidosis results from increased pCO,, and the compen-
sating metabolic response is to increase HCO,;~. A metabolic
acidosis may arise from H* absorption, H* production, H* loss
or HCO; loss. It is characterised by a low HCOj;, with a compen-
satory low pCO,. The reverse is true for alkalosis.

There can be different multiple types of acid-base patho-
physiologies occurring at the same time, so interpretation
can be challenging although, in most cases, there are single
disturbances and interpretation is usually straightforward.

Naturally compensatory mechanisms never overcompensate,
and the pH will always be in the direction of the primary
component. An increase in pH is caused by alkalosis (metabolic
or respiratory), and decrease in pH is caused by an acidosis
(metabolic or respiratory). Compensatory changes always occur
in the opposite direction to the pH. These changes are shown
in Table 16.5.

Metabolic acidosis (Low pH, low HCO;)

The most common causes of metabolic acidosis include rumi-
nal (lactic) acidosis, urea (ammonia) poisoning, ketoacidosis,
gastrointestinal loss of HCO, ™, due to diarrhoea or loss of saliva,
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hypovolaemia with tissue hypoxia and renal failure. There is
exchange of intracellular K* for extracellular H* to reduce the
extracellular pH. This exchange is called the cation shift, and
it can result in hyperkalaemia, even though the total body K
stores may have been depleted due to renal or gastro-intestinal
losses loses.

Respiratory acidosis (Low pH, high pCO?)

Respiratory acidosis develops due to a decreased in effective
alveolar ventilation. This is most commonly seen severe pul-
monary disease, bloat and depression of respiratory centre in
newborn apnoea.

Metabolic alkalosis (high pH and high HCO,)

The most common cause of increased H* loss, inducing a
metabolic alkalosis, is the sequestration of H* and Cl~ ions
when the abomasum becomes displaced to the left or right, or a
right-sided torsion occurs.

Respiratory alkalosis (high pH, low CO,)
This condition is caused by hyperventilation, which may be
stimulated by hypoxaemia or thermoregulation. Hypoxia is
associated with pulmonary disease, congestive heart failure and
severe anaemia. Hyperventilation may be observed extreme
high temperatures.

The anion gap is an estimate of the unmeasured anions in
plasma. It is calculated as follows:

Anion gap = (Na* + K*) - (CI” + HCO;")

Changes in the relative concentrations of the measured ions
will alter the magnitude of the gap, and must be taken into con-
sideration when interpreting findings. In the normal state, the

Table 16.6 Interpretations of white blood cell abnormalities.

Abnormality Interpretation

Stress
Inflammation — often infectious

Neutrophilia

Neutropaenia Endotoxaemia — increased margination
Acute inflammation

Bone marrow depression or failure

Stress
Corticosteroids

Lymphopaenia

Lymphocytosis Excitement (young animals)

Lymphocytic leukaemia

Monocytosis Chronic bacterial infections

Parasites
Allergies

Eosinophilia

Thrombocytopaenia  Increased consumption — bleeding, DIC

Deceased bone marrow production (e.g. bracken fern)
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Table 16.7 Interpretations of blood protein abnormalities.

Abnormality Common diagnoses

Hyperproteinaemia Dehydration
Hyperglobinaemia — usually secondary to chronic
infection

Protein loosing enteropathy:

e Johne’s disease

e Parasitic gastro-enteritis

e Salmonellosis

Protein loosing nephropathy:

e Amyloidosis

Hypoalbinaemia:

e End-stage liver (chronic pyrrolizadine alkaloid
toxicosis)

Hyperalbinaemia:

e Dehydration

Hypoglobinaemia:

e Failure passive transfer calves

Hypoproteinaemia

Table 16.8 Interpretation of serum enzymes abnormalities.

Increase in Common diagnoses Other diagnoses
enzyme
GLDH (from Diseases causing Specific for
hepatocytes) hepatocellular necrosis hepatocytes in bovines
AST (from e Vitamin E/selenium Intravascular
hepatocytes, deficiency (white haemolytic anaemia
muscle cells and muscle disease) Fatty liver disease
RBCs)) e |schaemic muscle Diseases causing
necrosis (downer myonecrosis : will also
Cows) see 1CK
e Plant toxicities, e.g.
ragwort, green
cestrum
e Cholangiohepatitis
(liver fluke)
GGT Acute and chronic liver Neonatal (ingestion of
(hepatic bile ducts) disease colostrum)
Plant toxicities, e.g.
ragwort
Cholangiohepatopathies

e \itamin E/selenium
deficiency (white
muscle disease)

e |schaemic muscle
necrosis (downer
COWS)

e Clostridial malignant
oedema

e Clostridial blackleg

CK (Skeletal and
cardiac muscle)

Intra-muscular
injections

Table 16.9 Interpretation of urea and creatinine abnormalities.

Abnormality Common diagnoses Other diagnoses
Increased Pre-renal (e.g. hypovolaemia).
creatinine Renal (e.g. acute or chronic

renal failure).

Post-renal (e.g. obstructive

urolithiasis, ruptured bladder).
Decreased Over-hydration. Starvation (reduced
creatinine muscle mass)

Increased BUN Pre-renal (e.g. hypovolaemia).
Renal (e.g. acute or chronic
renal failure).

Post-renal (e.g. obstructive
urolithiasis, ruptured bladder).
Dietary.

Incorrect balance of ruminal

energy and protein.

Decreased BUN Hepatic insufficiency.
Incorrect balance of ruminal

energy and protein.

Low protein diet

Table 16.10 Interpretation of bilirubin and bile salts abnormalities.

Abnormality Common diagnoses Other diagnoses

Increased total
bilirubin

Pre-hepatic: haemolytic
anaemia

Hepatic disease or
post-hepatic bile duct
obstruction

Decreased total
bilirubin

Over-hydration

Increased bile salts Hepatic insufficiency

Bile duct obstruction

Decreased bile salts Malabsorption Over-hydration

Table 16.11 Interpretation of energy (glucose, NEFA and ketones)
abnormalities.

Abnormality Common diagnoses Other diagnoses

Hyperglycaemia Stress Diabetes mellitus (rare)
Exogenous glucocorticoids i/'v administration of
Xylazine administration glucose

Hypoglycaemia Neonatal calf malnutrition Pregnancy toxaemia

Neonatal systemic illness
Neonatal diarrhoea
Primary ketosis

Fatty liver syndrome
Endotoxic shock

Ketosis
Fatty liver syndrome
Starvation

Increase in NEFA

Decrease in NEFA Extreme emaciation




Table 16.12 Interpretations of blood mineral (Ca, Mg, P) abnormalities.
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Table 16.13 Interpretation of electrolytes abnormalities.

Abnormality Common diagnoses Other diagnoses

Hypercalcaemia Hyperalbuminemia Pseudoparathyroidism

(total) (dehydration) (neoplasia)
Hypervitaminosis D Hyperparathoidism
Excessive or rapid
administration of calcium

Hypocalcaemia Hypoalbinaemia Hypoparathyroidism

(total) Milk fever (clinical and Oxalate toxicity
subclinical) Tetracycline therapy
Grass tetany Excessive bicarbonate
Acute renal failure therapy
Anorexia (high yielding Fat necrosis
dairy cows)

Hyperphosphataemia  Acute/chronic renal Hypervitaminosis D
failure Ruptured bladder
Excess dietary
phosphorus

Hypophophataemia Malnutrition Inadequate dietary
Post-parturient intake
haemaglobinuria Starvation
Milk fever Chronic wasting

diseases

Brassica toxicity
Pseudoparathyroidism
(neoplasia)
Hyperparathoidism

Excessive
administration
MgSO, (Epsom salts)
overdose

Hypermagnesaemia

Hypomagnesaemia Grass tetany Under-nutrition
Milk fever

Calves on milk only,

Mg-deficient diet

Excess dietary Ca?*, P,

NH, or K*

Ruminal alkalosis

gap is accounted for by the overall negative charge of plasma
proteins. Abnormal production of other anions, such as lactate,
ketoacids or phosphate, will increase the gap. The normal value
for the anion gap is 14-26 mEq/L or 14-26 mmol/L.

Interpreting results

Abnormality interpretation tables are presented as follow:
Table 16.6, white blood cells; Table 16.7, proteins; Table 16.8,
serum enzymes; Table 16.9, urea and creatinine; Table 16.10,
bilirubin and bile salts; Table 16.11, energy (glucose, NEFA
and ketones); Table 16.12, minerals (Ca, Mg, P); Table 16.13,
electrolytes; and Table 16.14, acid-base disturbances. The

Abnormality Common diagnoses Other diagnoses
Hypernatraemia Dehydration Thermoregulation
Water deprivation (panting)
Burns

Salt poisoning

Diarrhoea

Blood loss
Peritonitis
Gastro-intestinal
sequestration
(volvulus, torsion)

Hyponatraemia Incorrect fluid therapy

Hyperkalaemia In vitro haemolysis Diabetes mellitus
Prolonged sample storage

Acute renal failure

Metabolic acidosis

Tissue necrosis (ischemic

muscle necrosis)

Hypokalaemia Diarrhoea Prolonged anorexia
Vagal indigestion Metabolic alkalosis
Peritonitis

Gastro-intestinal
sequestration
(volvulus, torsion, LDA/RDA)

Diarrhoea

Burns

Diabetes insipidus
Respiratory alkalosis

Hyperchloraemia Water deprivation
Thermoregulation panting
Metabolic acidosis

Hypertonic fluid therapy

compensation
Hypochloraemia Diarrhoea Metabolic alkalosis
Blood loss Respiratory acidosis

Peritonitis compensation

Gastro-intestinal
sequestration
(volvulus, torsion, LDA/RDA)

interpretation tables are intended to provide a list of possible

aetiologies for abnormal values of a single parameter. They are

not exhaustive, and should only be used as a guide; definitive
diagnosis demands the full clinical picture to be assessed and
the pattern of changes considered.

Factors that should be considered when interpreting results
are:

1 Is the reference range provided by the laboratory appropriate?

2 The degree of change: note that 5% of values from normal
animals will be outside the normal range, but likely not far
out. Thus, small changes should be viewed with caution, and
experience is needed to try and gradate the severity of change
to assess significance and check for laboratory error.

3 Sensitivity, specificity, prevalence, positive and negative pre-
dictive value: these concepts are central to interpretation of
results. Sensitivity and specificity are values that are calcu-
lated using carefully chosen, artificial populations (animals
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Table 16.14 Interpretation of acid-base disturbances.
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Abnormality

Common diagnoses

Other diagnoses

Acidosis — Metabolic

Acidosis — Respiratory

Alkalosis — Metabolic

Alkalosis — Respiratory

Increased anion gap

Acute ruminal acidosis
Ketosis

Hypovolaemic shock
Diarrhoea

Peritonitis

Upper airway obstruction
Laryngeal oedema
Pneumonia

General anaesthesia
Deep sedation

CNS disease

Abomasal displacement
Abomasal torsion
Hypochloraemia
Hypokalaemia

Hyperventilation
(hypoxia, heat stress, CNS
disease)

Increased lactic acid
(ruminal acidosis,
diarrhoea, anaerobic

Pregnancy toxaemia
Renal failure

Urea toxicity
Uroperitoneum

Neonatal apnoea
Tetanus
Botulism

Excessive bicarbonate
therapy

Excessive positive
pressure ventilation

Uraemia
Decrease HCO,
Hyperkalaemia

exercise)
Ketoacidosis
Hypochloraemia
Hypernatraemia

Decreased anion gap  Hypoalbinaemia
Over-hydration
Hyperchloraemia

Hyponatraemia

Increased HCO,
Hypokalaemia

all positive or negative, respectively, when tested against a
‘gold standard’ test), and do not indicate the predictive value
or believability of a test result. This is affected by prevalence,
which is often unknown or roughly estimated, in the popu-
lation being tested. If a test is being used as a screening test
(i.e. the prevalence is likely to be low), the positive predictive
value of the test is low, but the negative predictive value
is high. Experienced clinicians will be able to increase the
prevalence of a true positive test by testing only animals
from the general population that are more likely to have the
disease (or abnormality being tested for), thus increasing the
prevalence and positive predictive value of the test.

4 Most importantly, if a test result(s) do not make clinical sense,
it is worthwhile phoning the lab to discuss the result. There
may include poor sample preservation, laboratory error and
poor test selection.

A case example

The animal, an 11-year-old female Aberdeen Angus cow, was
part of a group of animals that has been purchased one month

Table 16.15 Case example: red blood cell parameters (abnormalities are in
bold).

Red cell Patient result Adult reference interval
parameters

RBC 1.15 x 10"2/L 5.0-10.0 x 10"2/L
HGB 33g/L 80-150g/L

HCT 0.11L/L 0.24-0.46 UL
MCV 79 fL 40-60 fL

MCH 29Pg 11-17 pg

MCHC 3679g/L 300-360g/L
Reticulocyte count (%) 3.6 % 0

Reticulocyte count 41 x 10°/L

(absolute)

nRBC/100 WBCs 71 0

PLT 171 x 109/L 100-600 x 10%/L
Fibrinogen (g/L) 7 3.0-7.0g/L

Table 16.16 Case example: white blood cells (abnormalities are in bold).

White cell patient result Normal reference
parameters interval (adult)
WBC (Corrected for 6.4 x 109/L 4.0-12.0 x 10%/L
nRBCs)

Neutrophils 4.4 x 10%/L (69%) 0.6-4 .0 x 10%/L
Lymphocytes 1.7 x 10°/L (26%) 2.5-7.5 x 10%/L
Monocytes 0.3 x 10%/L (5%) 0.0-0.9 x 10°/L
Eosinophils 0.0 x 10%/L (0%) 0.0-0.8 x 10%/L

ago, and several of the animals appeared depressed. This ani-
mal was weak, and jaundiced. Blood samples were taken, and the
haematology and biochemistry results are shown in Table 16.15,
16.16 and 16.17. The analytes out of reference range are in bold
type. A photomicrograph of the peripheral blood smear is shown
in Figure 16.4.

Interpretation

There is a marked anaemia, which is noticeably regenerative
(marked polychromasia, basophilic stippling, nRBCs, TMCV),
indicative of either blood loss or haemolysis. There is hyperpro-
teinemia secondary to both dehydration (hyperabuminemia)
and, likely, antigenic stimulation (hyperglobulinemia). There
are moderate numbers of an intraerythrocytic organism con-
sistent with Theileria orientalis (likely subsp. ikeda) and this,
along with the presence of an elevated protein and a marked
hyperbilirubinaemia, indicates that the anaemia is secondary to
haemolysis, not blood loss.

The mild to moderate elevations in GLDH and AST (with a
normal CK) is indicative of some hepatocellular necrosis, likely
of periacinar hepatocytes secondary to anoxia. The degree of
regeneration indicates that the process has been of > 3-4 days
duration, but that the animal is likely still eating (normal BOHB



Table 16.17 Case example: biochemistry results (abnormalities are in bold).

Analyte Patient results Adult reference intervals
Total protein 83¢g/L 58-80g/L
Albumin 389/L 22-36g/L
Globulin 48¢g/L 24-40g/L

A Gratio 0.7 0.8-1.9

Urea 6.5 mmol/L 2.1-9.6 mmol/L
Creatinine 110 pmol/L 90-120 pmol/L
Bilirubin 101 pmol/L 2.0-18.0 pmol/L
AST 310U/L 60-150 U/L

cK 198 U/L 50-400 U/L

GGT 21 U/L 0-36 U/L

GLDH 57U/L 0-20 U/L

Glucose (Fl oxolate) 8.0 mmol/L 2.3-4.1 mmol/L
Sodium 136 mmol/L 132-152 mmol/L
Potassium 4.7 mmol/L 3.9-5.8 mmol/L
Anion gap 25.7 mmol/L 8-20 mmol/L
Chloride 101 mmol/L 95-110 mmol/L
Bicarbonate 14 mmol/L 20-30 mmol/L
Calcium 2.41 mmol/L 2.0-3.0mmol/L
Phosphorus 1.30 mmol/L 1.29-2.26 mmol/L
Ca : Phosphorus 2 1.8-3.8

ratio

Magnesium 0.77 mmol/L 0.70-1.20 mmol/L
B-Hydroxybuterate 0.71 mmol/L 0.0-0.9 mmol/L

& £ ym

Figure 16.4 High-power view of peripheral blood smear from case example
(Theileria orientalis ikeda). Interpretation: note the moderate polychromasia,
mild to moderate anisokaryosis, and the presence of a nRBC, all indicative of
a regenerative response. There is also a single round Howell Jolly body, and
numerous slender intra-erythrocytic protozoa within RBCs (consistent with
Theileria spp.)

indicates there is either minimal fat mobilisation or, possibly,
the animal is cachectic and has little fat to mobilise), and that
there are not significant periods of recumbency (no elevation in
CK). The leucogram pattern, and the hyperglycaemia, are likely
stress-related. The low bicarbonate and mildly increased anion
gap may reflect a metabolic acidosis secondary to anoxia.
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