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1 Background and objectives

Porcine Respiratory Disease Complex (PRDC) affects pigs and is a result of a
combination of different infectious agents, environmental and management
conditions, causing significant production losses (average daily weight gain,
feed conversion rate). It results in increased mortality, culling rate and
medication costs, making it one of the most important health concerns with
high economic losses for swine producers. The severity of clinical signs in a
given farm greatly depends on the type of infectious agents involved and the
environmental and management conditions.

Non-infectious causes, primarily management and environmental conditions
contribute to the development of respiratory diseases by facilitating the spread
of pathogens. Unfavourable housing conditions may also cause stress which
can negatively affect the defence mechanisms of the respiratory tract. Swine
production has become more intensive in the past 30 years, with large herd
sizes on most farms, which emphasizes the importance of proper ventilation
and hygiene. Overcrowding and inadequate ventilation may lead to an
increased amount of CO2, ammonia, humidity and dust in the buildings, which
negatively affects respiratory tract defences. Inappropriate temperatures
(chilling or overheating) can have the same consequences. Operating with
continuous pig flow can be considered a severe management mistake: without
an all-in/all-out system in place younger pigs can mix with older pigs, which
maintains the infection within the herd or can cause severe, acute respiratory
disease outbreaks.

PRDC generally affects 30 to 70% of the animals in a herd, with mortality
between 4 to 6% depending on the severity of secondary infections. Clinical
signs are generally seen at 14 to 20 weeks of age, manifesting in a significant
decrease in performance and severe respiratory symptoms — depending on the
type of concurrent infections. Clinical signs are not characteristic: fever,
lethargy, anorexia, nasal discharge, coughing, dyspnoea and pale skin or
cyanosis of the skin, especially of ear-tips. Therefore diagnosis is based on
clinical signs, history and pathological and laboratory findings. Respiratory
disease not responding to antibiotic treatment and the presence of pathological
lung lesions are indicative of PRDC.

PRDC prevention is hindered by the fact that the pigs are exposed to the
pathogens at different time points during production. Vaccination plays an
important role in preventing PRDC, but its success is greatly affected by the
immune status of the pigs, environmental conditions and management
practices. This means that farms should have tailor-made vaccination
protocols that are updated regularly according to the animal health status and
the economic situation on the swine market. PRDC causes losses at many



levels: it greatly impairs feed conversion rate and decreases average daily
weight gain, while increasing mortality in growers and finishers.

In this thesis I will answer the following questions:

1. How is the animal health aspect of PRDC managed on the investigated
grower/finisher farms, what type of data are used and which procedures are in
place?

2. How do farm managers and veterinarians perceive the risk factors and the
pathogens of PRDC?

3. Which are the critical points of PRDC management according to farm
managers and veterinarians?

4. Which competencies and attitudes are swine farm managers expected to
have?



2 Material and method
2.1 Material

92 Hungarian large scale pig farms were surveyed between March 2010 and
February 2018 (Table 1) with the primary method of evaluating 136
guestionnaire surveys and data acquired from farm databases to assess
environmental, management, housing and production characteristics as well
as the respiratory health status (including PRDC vaccination protocols) of the
pig farms by conducting interviews with the farm managers and veterinarians,
using the questionnaire from the ResPig Farm Audit Tool™ (MSD AH). 41
of the 92 large scale pig farms were assessed multiple times to monitor the
effect of changes they implemented to their PRDC control program.

Table 1: Annual number of PRDC surveys on farms between 2010 and
2018

Year Number Newly Number of | Number of | Number of
of farm | surveyed SOWSs on nursery fatteners in
surveys | farms (pcs) | the new | piglets in the new

(pcs) surveys | new surveys | surveys

2010 2 2 2,950 12,265 25,144

2011 43 39 47,240 196,409 402,639

2012 30 23 32,010 133,088 272,830

2013 23 12 1,730 7,193 14,745

2014 22 7 22,670 94,255 193,223

2015 2 1 6,700 27,857 57,106

2016 11 5 8,900 37,003 75,857

2017 1 1 1,230 5,114 10,484

2018 2 2 8,550 35,548 72,874

Total 136 92 131,980 548,732 1,124,901

The majority of the surveyed farms used modern hybrid lines: 59 out of the 92
farms used the hybrid lines of international pig breeding companies. We
surveyed a total of 92 farms but show data for 85 farm managers only, because
in a number of cases the same person was in charge of 2 farms. Most of the
farm managers are above the age of 50 (38%) and are men (81%). The oldest
farm manager was 75 years old and 20% of farm managers did not undergo
relevant specialist training. 92% of veterinarians were men and over 41% of
them belonged to the above 50 age group. The oldest veterinarian was 77 years
old.



A large proportion of swine farms are farrow-to-finish operations with all
production phases located at one site. Other operations are split up into
production phases: these multi-site farms operate the farrowing, often the
nursery and the fattening phases on different farms. Almost 80% of the
surveyed farms work in 1, 3 or 4-week batch systems, using it to separate the
animals into age groups. Depending on the farrowing system and the capacity
of the farms, various lactation lengths were observed. 55% of the surveyed
farms provided not more than an average of 24 days for the piglets with the
sow before they were weaned. The surveyed farms kept the weaned piglets in
the nursery for 5 to 7 weeks. This means an average of 3 weeks of suckling
and 7 weeks in the nursery, making the average pig transferred to the fattening
unit 10 weeks old.

After starting the PRDC management survey in 2010 by filling in the
questionnaires, visiting farms and talking to professionals, we determined a
further objective in 2013: we needed to get information and assess the conduct
of responsible persons to get insight into successful PRDC control. Farm
managers achieve predetermined control and management practices on a farm
through managing and organizing workflow and farm employees. So we asked
101 professionals (among them 37 veterinarians and 39 agricultural engineers)
on 75 pig farms in the Czech Republic, Slovakia and Hungary between
February and May 2014 on their opinion on critical management factors
affecting PRDC control and the competencies and attitudes a swine farm
manager should possess.

2.2  Method

For each farm three topics — general, disease and economy — were surveyed,
the questionnaires were filled in during the interviews. Acquired data were
uploaded into a software that used a 3-point scale to evaluate each parameter
of the farm. The questions were answered and results evaluated together with
the management of the farm following a thorough farm visit and the
identification of problems.

The farm assessment questionnaire had two main modules: one for general

information and one for assessing disease status.

We addressed the following issues in the general survey:

1. Pig farming environment (low farming density; biosecurity; quarantine;
buying animals; all-in/all-out; separating age groups; hygiene equipment;
implementing rules regarding employees and visitors);

2. Management (owner expectations; human resources; feed quality; feeding
system; water system; good veterinary practice; storage and administration of
vaccines; data processing);

3. Housing (temperature, ventilation; heating; population density; isolation of
sick animals);



4. Production parameters (uniformity, average daily gain — ADG; feed
conversion ratio — FCR; mortality and culling; veterinary costs);

5. Lung health status (prevalence of infectious respiratory diseases; course of
disease in the previous 6 months; clinical signs; results of pathological
examinations);

6. Results of slaughterhouse checks (scoring) — respiratory tract and liver).

When assessing the disease status, we checked if the farm is:

1. performing laboratory diagnostics (serology, histopathology) with regard to
PRDC-pathogens (PRRSV, Mycoplasma hyopneumoniae (Mhyo),
Actinobacillus  pleuropneumoniae  (APP), swine influenza (SIV),
Haemophilus parasuis (HPS), Aujeszky’s disease, PCV2, atrophic rhinitis
(AR)),

2. vaccinating — against which pathogens and at which age.
The software uses data from the survey to calculate how each general
parameter contributes to the risk of PRDC and the importance and severity of
each respiratory disease on the given farm. The score calculated by the
software is a result of all answers related to the given parameter. The answers
are weighted according to the importance of the issue.
The software calculated scores on a scale of 0 to 3, with evaluation based on
the following categories:
— 0.0-0.5: no or negligible risk/importance;
— 0.6-1.5: moderate risk/importance;
— 1,6-2.5: major (significant) risk/importance;
— 2.6-3.0: severe risk/importance.
An economic simulation model was also used to assess the farms. We
collected the price and cost data that are most significant for fattening
operations, e.g. carcass price, weaned piglet price, weighted post-weaning
feed costs. Based on these we could estimate the effects different vaccination
protocols would have on production, their cost and the revenue generated — as
well as the return on investment.

Some of the surveyed farms have multiple production units on the same site,

such as nurseries and either a single fattening unit or two stage grower/finisher

units. This meant we assessed a parameter for the combination of these during
the farm visits or — mainly during follow-ups — as a total for the farm (all
production units combined). For the purpose of this thesis we merged the
scores of individually assessed production units and the scores of those
assessed as a total in some of our assessments into a “Total” category. We
created a PRDC Index for the evaluation of the severity and the importance
of the respiratory disease complex in a given production unit, which shows
how management affects the manifestation of PRDC on the given farm. It is
evaluated on a scale of 0 (no or negligible risk/importance) to 3 (severe
risk/importance). In the “Results” section Noncompliance ratio % shows the



ratio of factors with scores between 1 and 3 (non-compliant) to factors that

scored O (compliant) during the assessment of a given parameter. Farm

managers who participated in the survey on responsible management practices
determining the success of PRDC control received a list with 30 aspects of

PRDC control and they had to choose the ones they considered most

important. These aspects were investigated in detail on previously selected

farms. During the interviews we compared the statements of the group of
veterinarians (26 Hungarian, 10 Czech, 1 Slovak, a total of 37 veterinarians)
with the group of farm managers (32 Hungarian, 6 Czech, 1 Slovak, a total of

39 agricultural engineers) regarding the evaluated aspects (predisposing and

risk factors of PRDC, PRDC management on farm). Predisposing factors of

PRDC were rated by farm managers and veterinarians on a scale of 0 to 3 with

0 being excellent and 3 being bad/immediate intervention needed.

The following general aspects were assessed:

e Farming environment (FE) includes farm isolation (FI), biosecurity (BS),
quarantine practices (QP), all-in/all-out procedures (AIAQ), hygiene level
(HL).

e Management (M) includes owner’s attitude (OA), staff qualification and
morale (HR), feed quality (F), water supply (WS), daily veterinary practices
(GVP), and collection and management of data (DM).

e Housing (H) issues are ventillation, cooling and heating (V), stocking density
(SD), separation of sick animals (SSA), while production technical
parameters (PTP) are disposal rate (DR), average daily gain (ADG), feed
conversion ratio (FCR), uniformity (U), and animal health costs (HC).

e With regards to lung health status (LHS) clinical signs (CS), pathological
signs (PS), recent disease outbreaks (RO) were assessed, while further aspects
of other diseases (OD), and slaughterhouse checks (SHC) were evaluated
such as lesions in the lungs (LL), pleura (PL), pericardium (PC), peritoneum
(PT), joints (Art), liver (MS), skin (SL) and nasal cavities (ND).

The perception of farm managers regarding specific diseases such as PRRSV,

Mhyo, APP, SIV, HPS, AR (=PM+BB) and PCV2 was also surveyed.

We also interviewed 101 professionals (63 veterinarians and 38 farm

managers) from 63 Hungarian, 11 Czech and 1 Slovak pig farm and asked

their opinion on the critical farm factors affecting PRDC. The 101 respondents
had to choose the 10 most important factors for PRDC prevention and control
from a list of 30 for a) establishing a new farm (if they could build a new
farm) and b) operating their own farm successfully. By this we were able to
compare theoretical and practical aspects. The respondents also had to
evaluate the importance of critical PRDC management conditions (c) on

their farm on a scale of 1 to 100.

In the last module of the survey we assessed the attitude and values pig farm

managers are expected to possess. Veterinarians and farm managers had to



choose from a list of competencies a) the 10 most and b) the 10 least important
personal traits a Central-European pig farm manager is expected to have. The
factors were awarded scores on a scale of 0 to 3. The scores were grouped
according to the type of manager (veterinarian/farm manager) and topics
(average scores of veterinarians and farm managers), then we calculated
overall scores for general factors, diseases and derived parameters.



3 Results and discussion

PRDC Index (PI) data show that environmental factors on average fall into the
moderate risk (0.5-1.5) category, except for farm location/isolation (stocking
density) which is considered to be an important risk (0.36-1.55) factor.
Summarizing the results, it is clear that besides farm location/isolation, most
farms have issues with quarantine, all-in/all-out and internal biosecurity.
Results of the survey show that Hungarian pig farms are often located in areas
where farm density is high (P1=1.55). Among the weaknesses of our farms we
can list inappropriate quarantine practices (P1=1.49) and shortcomings in the
fields of AIAO (PI=1.25) and external (P1=1.05) as well as internal (P1=1.13)
biosecurity. Three-quarters of our farms have obvious problems with
quarantine and 30% of farms have practically no quarantine measures in place.
This is one of the major risks for Hungarian farms, especially considering
infectious diseases with great economic impact (African swine fever, PRRS).
Replacement gilts are produced on site in 1/3 of the farms, others purchase
gilts to replace breeding animals, under the above mentioned quarantine
conditions, with 13.5% of transactions carrying pronounced risks. 52 farms
buy gilts from one (the same) source, 5 from two (the same two) sources, while
2 farms buy from more, continuously varying sources. AIAO results indicate
that of the 212 surveyed production units (production units being the nursery,
grower and finisher units within the farms) the rules complied with AIAO
rules in only 70 cases. The most unfavourable results come from farms that
split the fattening phase into grower and finisher phases: only 18% of these
farms are compliant with AIAO. The reason for this is the prolificacy of the
sows, inappropriate farm management and the absence of individualised batch
management systems.

Most of the problems occurring in the grower and finisher units could be
solved by selling weaned piglets, but only a few farms do this. Another
possible solution would be to improve production parameters — by improving
animal health management — and decrease time to slaughter (better ADG,
shorter fattening period to reach the same slaughter weight). Separation of
animals according to age groups has two levels: the first is how well the age
groups are separated from each other (weaned piglets, growers and finishers),
the second is the age of pigs in a given unit. Separation by age shows results
similar to AIAQ: separation was adequate in 38% of the cases, with the grower
units showing the worst results (73% not adequate), nursery units being second
worst with almost 60% of them not providing adequate separation by age.
Hungarian farms lag behind substantially in terms of internal biosecurity:
only 22.5% of production units (67 units) scored 0 (adequate) in this regard.
75% of units in the nursery and the fattening phase and 96% of grower farms
had shortcomings. When assessing the PRDC risk of farm management
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factors such as owners’ attitude, employees’ qualification, daily workflow,
feeding (quality of feed and feeding system), water supply, veterinary
practices and data management, it is clear that management factors fall into a
moderate risk category (0.69-1.49) (Figure 1).

Figure 1: Results of farm management assessments displayed as % of
farms
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Note: Owner’s attitude (OA), Employees (E), Feed quality (F), Feeding system
(FS), Drinking water and water system (WS), Good Veterinary Practice
(GVP), Data management (DM)

Results show that only 1 in 5 farms has adequate workforces and 20% of
owners think animal health management is an important part of operating a
pork production business. Only 21 to 25% of tasks are performed duly in the
different the production phases, employees’ work morale obviously needs to
be improved. Again, nursery units were ranked first (best) in work morale.
Although problems with feed safety (mycotoxin) and feed quality vary every
year, the total PRDC Index for the nursery, grower and finisher phases was
lower than 1. However, when looking at the total index of farms — including
all production units, PI reaches a moderate value that is close to the significant
category (1.49). Even though billions of HUF have been spent on modernizing
farms in the past few years, 60% of Hungarian farms still lack adequate
feeding and feed distribution technologies. These technological
shortcomings may account for a significant increase in FCR and a loss of
ADG. We put special emphasis on assessing drinking water and the water
systems, evaluating operation and hygiene of the systems as well as water
quality and safety. Water supply had proven to be insufficient in 50% of the
production  units  evaluated  (water  quality/quantity,  drinker
quality/quantity/position).
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When evaluating Good Veterinary Practices, we didn’t find any severe
problems (score 3), but we did find issues in 73% of the production units: 68
units had a score 1, 14 units a score 2 and 30 units had proven to be
appropriate. Daily animal health practices is a part of management practices
that can be improved by implementing trainings and systems, thus achieving
clear improvements in the efficacy of pork production.

We also analysed the level of data management — data collection and
processing — in the farms. 73% of the farms didn’t have appropriate data
collection and processing in place, a score 0 was awarded in 30 cases, a score
1in 50 cases, a score 2 in 28 cases and a score 3 in 2 cases. In summary of the
evaluation of farm management factors on Hungarian farms, we can conclude
that there is a potential for improvement and growth in this regard, with 70%
of them reaching scores of 1 to 3, meaning they are inadequate (Figure 2).

Figure 2: Summary of the evaluation of pig farm management factors

Water and drinking systems | 50.0% 50.0%
Feeders and feed distribution | 37.0% 63.0%
Good Veterinary Practice | 26.8% 73.2%
Data processing | 26.5% 73.5%
Feed quality | 25.0% 75.0%
Human resources | 21.2% 78.8%
Owners’ attitude [ 20.5% 79.5%
Overall |[29.1% 70.9%
0.0% 20.0% 40.0% 60.0% 80.0% 100.0%
Adequate Inadequate

When evaluating housing of the animals, we can say these factors carry on
average a moderate risk, but the ones affecting climate/ventilation carry a
significant risk (0.93-1.53). We can also conclude that for the nursery
(P1=1.19) and the fattening units (P1=1.21) all general factors carry a higher
risk for respiratory diseases. In the nursery phase negative effects of major
ventilation problems are counteracted by lower stocking density and not so
bad management of sick animals, so situation was the worst in fattening units
(Figure 3).
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Figure 3: PRDC Index of housing conditions in production units (n = in
the nursery units 48/40/51, in the grower units 16/14/19, in the finisher
units 49/46/66, for the whole farm 57/54/73)
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We performed a high number of on-farm measurements during the assessment
of temperature/ventilation/heating and results show that on average 4 out of 5
Hungarian farms lack an adequate, all-year-round system for controlling these
factors — with the worst conditions observed during the nursery phase: 92% of
the units had shortcomings! Problems with overcrowding were seen mainly
because of the spread of hyper-prolific breeds (e.g. Danbred, Topigs, Nucleus,
Hypor) and fattening to larger slaughter weights. There is some level of
overstocking in 60% of the production phases in Hungarian pork production.
Sick animals can be separated from healthy pigs with various methods: they
are either placed into a separate room or a separate pen/box. Our investigations
showed that 3 farms had a euthanasia (humane killing) protocol in place for
animals that could not be treated successfully or effectively. 12 farms had a
quick and effective system in place for removing sick animals. According to
our investigations, treating sick animals is a weakness of Hungarian pork
production: an average of 81% of production phases fail at applying good
treatment practices. The biggest problems are seen in the fattening and nursery
units. Rooms that open from each other — even if there is a hospital pen
allocated — and weaknesses in internal biosecurity, as well as the practice that
handling of sick and healthy animals is not separated neither in time or space,
all contribute to the spread of PRDC and PRDC-associated secondary
pathogens within the farms and do not prevent disease transmission at all.
Within the category of production technical parameters we evaluated
uniformity within groups, average daily gain, feed conversion rate, disposal
rate (mortality, culling, selling of culled animals and their bodyweight) and
animal health costs on the farms (Figure 4). Result indicate that production
parameters on average fell into the moderate risk category (0.92-1.06), with
losses categorized as significant risks.
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Figure 4: PRDC Indices for the main production parameters according
to production units (n = in the nursery units 63/60/57/54/58, in the grower
units 23/19/17/19/25, in the finishing units 71/68/64/62/66, for the whole
farm 77/75/71/69/73)
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Uniformity of a pig herd implies that pigs within a group display the same
body weight, body condition and size. When assessing uniformity, we took
into account the level of uniformity at the beginning of a phase. There are a
number of reasons why a high rate of fattening herds lack uniformity. As
hyper-prolific breeds are becoming more widespread, cross-fostering
(including split suckling) should be used in a tailor-made manner to improve
uniformity of suckling piglets. Appropriate feeding, housing and a higher
animal health status all contribute to the uniformity of herds. Although a
longer nursery period and an added grower phase improve uniformity by
providing better conditions, 4 out of 5 farms still experience significant
problems in this regard.

We evaluated average daily gain by comparing results of a given production
unit in the past 6 months with documented production parameters of the given
genetics. Average daily weight gains on the evaluated farms does not reach
expected levels by far: 93% of farms need to improve this parameter. This is
the reason why farms overstock animals and fail at AIAO, in other words:
make their batch systems collapse. Feed conversion rate was appropriate in
only 4% of the 209 evaluated production units! While feed cost is the major
component in the cost of pork production, FCR is poor on an average
Hungarian pig farm.

We evaluated disposal rate (mortality, culling, and emergency slaughter) by
comparing farm production data to reference data (MFSE; NEBIH). Only 6%
of the assessed production units had acceptable losses. In case of animal
health costs we evaluated it as cost per slaughter pig and took into account
any losses and additional costs caused by disease (outbreaks). Costs were
acceptable from both professional and economical aspects in only 15% of the
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farms with costs being generally higher than optimal in the grower and finisher
units.

To assess the prevalence of respiratory disease outbreaks we determined
the number of respiratory outbreaks on the farm during the previous 6 months.
Two-thirds of the examined farms experienced respiratory disease outbreaks
of varying severity during this time period. A quarter of the farms struggle
with respiratory symptoms continuously, with almost 30% of the farms
experiencing multiple outbreaks. Disease occurs mainly in the nursery and
fattening units. Figures 5 and 6 summarize the occurrence of clinical signs
on the farms such as coughing, sneezing, conjunctivitis, abdominal breathing,
swollen joints, nosebleed or blood-tinged discharge from the nose (or mouth).
We examined the animals closely for the occurrence and the extent of swollen
lymph nodes, decreased feed intake, cyanosis (blue/purple discoloration) and
paleness of the skin. Respiratory diseases are a major cause of mortality in
almost 60% of the farms. Mortality is observed mainly in the grower, and to a
lesser extent in the nursery phase. Severe, significant losses (score 3) occur in
10 to 11% of the cases, with occasionally even higher rates in nurseries.
Slaughterhouse checks revealed that only 16% of farms achieved good
uniformity. Meat quality inspections showed compliance with genetics,
slaughter weight and housing conditions in only one-quarter of the herds. Data
regarding the rejection of whole carcasses, parts of carcasses and organs
shows that only 27% of the herds are not effected by rejections of whole or
part of the carcasses. Slaughterhouse checks confirmed the results and
interpretation of on-farm pathological examinations. 80% of lungs displayed
lesions. It is important to note that ¥ of the lungs was free from scar tissue and
1/3 of them of interstitial pneumonia. Pleuritis occurred in 75 to 80% of the
cases. Pericarditis was also common, observed in 2/3 of the herds. 55% of
slaughter pig batches were affected by “milk spots™, lesions indicative of
parasites in the liver.

To evaluate the pathological aspects of respiratory diseases we took into
account recorded information as well as observations of veterinarians and
veterinary technicians on respiratory diseases, in most cases performing on-
site necropsies with their help. To assess the importance of other diseases, we
investigated if they are present on the farm and determined their prevalence.
We did not find any other, non-respiratory disease in only 7 to 12% of the
production units. According to our investigations gastrointestinal diseases are
most common in the nursery and grower phases, but Gl disease (e.g. swine
dysentery, ileitis/colitis) is present in the finishing phase also.
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Figure 5: Assessment of respiratory clinical signs 1.
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Figure 6: Assessment of respiratory clinical signs I1.
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Pathogens contributing to PRDC on the farms. During the assessment of the
farms we systematically performed so called comparative studies to determine
the severity of a disease caused by a specific pathogen in terms of clinical
picture, pathological lesions and slaughter house checks — under the particular
conditions of production. We checked these data multiple times, even for the
same production unit and results are summarized in Figure 7.
Our investigations show that even in the face of years or even decades of
vaccination, PRRS is present in a significant or severe form in a quarter of the
production units. Even more surprisingly Mhyo and PCV2 also cause
significant/moderate problems in almost 40% of the production units.
Severe/significant problems with APP were apparent in 30% of the units.
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Figure 7: Severity of disease caused by PRDC pathogens
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We also investigated if a vaccination program was in place against PRDC
pathogens in any of the production units (breeders and offspring) (Figure 8).

Figure 8: Vaccination against PRDC pathogens on a given farm
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52% of farms affected by PRRS vaccinated sows, 28% even vaccinated piglets
(this study contains data from the period before the PRRS eradication program
was implemented). 90% of fatteners were vaccinated against Mhyo, while 2%
of farms vaccinated sows and 27% vaccinated piglets against APP. Level of
immunization against HPS and SIV is low, with 4 to 5% of farms vaccinating
sows or piglets. 21% of farms vaccinate sows against PCV2 and 79%
vaccinate offspring. 50% of farms affected by AR vaccinate sows regularly.

17



3.1 Economic analysis of farms based on production parameters

| performed economic analysis in 332 cases during the study. For each farm |
used prices and costs (purchase price, feed costs) and production (ADG, FCR,
etc.) and animal health parameters relevant for the given time period. Clinical
and economic manifestations of PRDC depend on which contributing
management factors and pathogens — viruses, bacteria and migrating nematode
larvae — (PRDC factors) are present at the same time. The consequences affect
production in multiple ways. The number of slaughter pigs sold is one of the
most important measurable production parameters, which is directly affected
by mortality, culling, average daily gain and feed conversion rate. Cost of
production or price of a weaned piglet and feed cost during the fattening phase
are the biggest variable costs in pork production. Weight and price of slaughter
pigs are the basis of income in the fattening unit. Average daily gain has a
direct effect on the length of the fattener phase (number of fattening cycles)
and as a consequence on the number of slaughter pigs sold in a given time
period.

For this thesis | created a model adapted to Hungarian conditions to measure
the effect various PRDC pathogens have on pork production. Calculations
were based on a model farrow-to-finish farm with 1,000 sows, a farrowing
index of 2.35; 14 live born per litter and 12 weaned piglets per litter. Piglets
are weaned with 7 kg bodyweight on the 28" day of lactation and are sold at
the age of 170 days, weighing 105 kg. This means that total average daily gain
for the post-weaning period — nursery and fattening — can be calculated by
dividing 98 kg by 142 days, which gives a result of 695 g per day. Feed
conversion rate in the post-weaning phase is 2.85 kg/kg, with mortality and
culling rates at 5% for this period. For the calculations | assumed production
costs to be 75 HUF/kg and a market pig price of 350 HUF. | assumed the farm
to be moderately affected by PCV2, Mhyo and APP; | calculated with a
moderate rate of overcrowding and moderate shortcomings in terms of
isolating sick animals (PRDC Index = 1.55).

During the calculations | did not account for any other costs, or assumed they
were constant. To calculate the cost of producing a weaned piglet | took
into account only sow feed costs (daily feed intake of the sow and the number
of days on feed multiplied by the unit price of feed), the average cost of gilt
replacement and three lactations (assuming an annual sow disposal rate of
35%). To calculate the cost of fattening | used the price (production cost) of a
weaned piglet, the cost of feed used to produce a weight gain of 98 kg and the
losses due to mortality. To calculate the cost of mortality | used the following
parameters: price of a weaned piglet, the feed consumption of an average 71
days in fattening and mortality rates. I did not take into account loss of future
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earnings from fattening. To calculate profit | deducted the cost of nursery pigs
and feed costs during the fattening phase from revenues.

Known PRDC factors affect the number pigs marketed (e.g. through mortality,
culling), feed conversion rate and daily gain in different ways. Table 2
summarizes the effects of the most important pathogens and management
factors on production parameters based on literature data. The number of pigs
marketed is affected by: the number of piglets born, mortality during fattening
and culling. Some pathogens and management factors may have a direct
(indicated with “Yes”) or an indirect (indicated with “No”) effect on the
number of animals. Some factors have no effect on the number pigs sold
(indicated with “No”). When the total of the points awarded for these three
production parameters (yes=1; partially=0.5; no=0) was at least 1.5, |
indicated it as a “Yes” (1 point) in the table, meaning it has an effect on the
number of pigs sold. The effects of the various infectious and non-infectious
PRDC factors on feed conversion and daily gain were also evaluated by the
same scoring method of: yes=1; partially=0.5; no=0.

Table 2: Summary of the effects of various PRDC factors on a scale of
three possible answers

Effect of PRDC ]
factors on major S| S| 28
production Sl Slal@le|>|x|S|EIRB]|C
arameters Ol % 2| E|F|I<|B|E| 58> <
p al= a § S| 8al<
o) > n ®
Number of pigs{ I [N|[IT | T |R|R|INJ|I|R R R
marketed
Number of piglets| I [N N| I [N[N|N|N|N N N
born
Mortality RN/ I Il {RIR|N|[I|R R R
Culling Il | RIR|{IT|R|IN|N|[R|R R R
ADG I T {R{T|R]JT|R|[T]I R I
FCR I I{RIT|R[R|R|I |[R R I
Total score 3 2 2 3 [15] 2 1 3 2 15 25

Note: I = yes, N = no, R = partially
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A qualification of factors with yes/partially/no makes it possible to compare
them with each other, and total scores show that the main factors influencing
production parameters are PCV2, PRRS and overcrowding.

| prepared a calculation model to assess the effect of PRDC on production
parameters based on the above described scoring system and PRDC Indices
calculated during farm assessments, taking into account data from literature
regarding the effect of these factors on ADG, FCR and the number of pigs
marketed. Four categories were established in the model based on PRDC
Indices, indicating if the given factor is not present or has a moderate,
significant or severe effect. Every factor that achieved a “Yes” for the effect
on the number of pigs marketed was taken into account as +1%, +2% or +3%
in disposal rates (change in the number of fatteners), according to the level of
impact. Similarly, factors that qualified as “Partially”” influencing the number
of pigs sold were accounted as +0.5%, +1% és +1.5% in disposal rates and
factors with “No” as 0% disposal. For factors affecting ADG, “Yes” answers
were calculated as -25 g, -50 g and -70 g in ADG, taking “Partially” answers
into account as -12.5 g, -25 g és -37.5 g in ADG. In a similar way the model
uses +0.1; +0.2 and +0.3 kg/kg for “Yes” and +0.05; +0.1 and +0.15 kg/kg for
“Partially” answers with regard to FCR (Table 3).
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Table 3: Modelling the effects of PRDC on production

Effect of PRDC factors on 2
major production 2 | 3
arameters X 2|2
P S 8e oo dE E Q
QO £ o hd al = <l =| o <_E
EYE N FEE <
> -
o ~| &
(%2]
PRDC Index 0.6 to 1.5 - MODERATE
Change in the number of pigs |1 |0 |1 |1 (05050 |1 )05/05|1
marketed (%)
Decrease in ADG (g/day) 25 |25 [12.5(25 [12.5( 25 [12.5(25 | 25 [12.5/25
Increase in FCR (kg/kg) 0.1]0.10.05/0.1 0.05/0.050.05/0.1 [0.05/0.05|0.1

PRDC Index 1.6 to 2.5 - SIGNIFICANT

Change in the number of pigs (2 |0 |2 |2 |1 |10 2 )1 1|1
marketed (%)
Decrease in ADG (g/day) 50 |50 |25 {50 |25 |50 |25 |50 |50 |25 |50

Increase in FCR (kg/kg) 0.2(0.2)0.1(0.2(0.10.1|0.1|0.2(0.10.1]0.2
PRDC Index 2.6 to 3- SEVERE

Change in the number of pigs |3 |0 |3 |3 |15/15]0 |3 |15|15|2

marketed (%)
Decrease in ADG (g/day) 75 |75 87.5|75 B7.5| 75 B7.5(75 | 75 B7.5|75

Increase in FCR (kg/kg) 0.30.3 0.15/0.3 0.150.150.15|0.3 0.150.15|0.3

The economic losses caused by PRDC on a farm can be estimated based on
the data in Table 3. When compared to a farm not affected by PRDC (PRDC
Index = 0 to 0.5), production parameters evaluated based on the PRDC Index
(number of fatteners sold, ADG, FCR) will be predictably worse, and the
volume of economic losses can also be calculated.

The following example demonstrates the economic effects of various levels of
PRDC on a farm in comparison to the Hungarian reference farm described
above. In this example (Example “A”) the farm is affected significantly by
PCV2, moderately by Mhyo and severely by APP, with no PRRS, HPS, SIV
and AR present. It qualified as having moderate problems with overstocking,
significant problems with ventilation and separation of age groups and severe
problems with AIAO. Table 4 shows that PRDC load in example “A”
increased production costs, the number of fatteners dead, decreased annual
revenues from market pigs — by more than 400 million HUF and decreased
profit by a total of almost 119 million HUF.
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Cost-benefit analysis should be performed before deciding if it is worth
vaccinating against a disease(s) present on a given farm. | performed cost-
benefit analysis based on the economic models described in my thesis and the
SPCs of vaccines against PRDC pathogens available on the Hungarian market.
| assumed that by implementing vaccination and achieving immunity within
the herd, the measured PRDC index will improve to at least moderate from
significant or severe, and to “not present” from being categorized as moderate
before the vaccination. To account for this improvement, | calculated with an
increase in the number of pigs marketed and an improvement in ADG and
FCR. To calculate the cost of vaccination | took into account vaccine cost per
dose and the number of vaccinations per pig, e.g. the vaccine against APP has
to be administered twice per pig, while the cost of AR vaccination of sows has
to be divided by the number of piglets weaned per sow.

Table 4: Example ,,A”— Estimation of PRDC losses on a farm with
significant PCV2, moderate Mhyo and severe APP infections (PRDC
index = 2.05)

Production parameter Reference Example ,,A”
Number of sows (pcs) 1,000 1,000
Number of litters per sow per 2.35 2.35
year (litter)

Weaned piglets / litter (pcs) 12 12
Number of weaned piglets per 28,200 28,200
year (pcs/farm)

Post-weaning mortality (%) 5 14.5
ADG (g/day) 695 407.5
FCR (kg/kg) 2.85 3.9
Pigs marketed (pcs/year) 26,790 15,721
Cost per pig  marketed 30,512 34,341
(HUF/fattener)

Fattener mortality (pcs/year) 1,410 4,089
Farm revenues (HUF/year) 984,532,500 578,470,453
Cost of mortality (HUF/year) 28,358,029 57,812,125
Feed cost during fattening 817,416,480 540,561,681
(HUF/year)

Farm gross margin (HUF/year) 138,757,991 19,903,353
Difference in gross margin -118,854,638
(HUF/year)
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| calculated the benefit/cost ratio for implementing a vaccination protocol in
the case of the farm that was most severely affected by PRDC according to
our investigations (Example “C”). The first calculation included vaccination
against PCV2 only (Table 5). The implementation of a PCV2 vaccination
protocol would mean lower production costs, improved weight gain and
decreased mortality, resulting in a higher number of pigs marketed. Although
the farm is still achieving negative gross margin, it has increased by 63 million
HUF. Profit of vaccination is estimated to be 57 million HUF, yielding a very
high benefit/cost ratio of 10.65.

Table 5: Return on investment for PCV2 vaccination on a pig farm
severely affected by PRDC (Example ,,C”, PRDC index = 2.75)

ITEM Before After
vaccination | vaccinati
on
Pigs marketed (pcs) 15,934 16,919
ADG (g/day) 282.5 332.5
FCR (kg/kg) 4.4 4.3
Profit (HUF/farm) -72,079,847 -
8,995,648
Cost of PCV2 vaccine (HUF/fattener) 350
Cost of PCV2 vaccination (HUF/farm) 5,921,591
Gross margin over vaccination costs -
(HUF/farm) 14,917,23
9
Profit of vaccination (HUF/farm) 57,162,60
8
B/C (benefit/cost ratio of vaccination) 10.65

When implementing PCV+Mhyo+APP vaccination on farm “C”, the farm
with the highest PRDC Index, all production parameters improved after
vaccination, but B/C was 3.21 — lower than for vaccination against PCV2 only.
Another calculation was performed to model the use of every relevant vaccine
(PCV, Mhyo, APP, PRRS and AR) on the farm. The use of the full vaccine
range yielded the highest number of pigs marketed on this farm severely
affected by PRDC. Production cost and mortality rates improve; and gross
margin will also be positive: 16.5 million HUF. Profit of vaccination is the
highest in this case: 88.5 million HUF, with a benefit:cost ratio of 3.1. Analysis
shows that implementing vaccination can improve profitability of the farm but
the high number of management issues still mean that revenues remain 200
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million HUF lower than for the reference farm. For this farm | performed a
separate calculation to determine the effect of vaccination against the two
PRDC pathogens that caused the most severe problems (PRRS and AR).
Result show that combined vaccination against PRRS and AR vyield the best
results in gross margin over vaccination cost (20.2 million HUF) and second-
best results in B/C (9.17), meaning that this vaccination programme provides
the largest economic benefit for the farm.

When | evaluated the vaccination protocols on the farms, results indicated that
vaccination —even if used according to indications —did not yield the expected
increase in profit because of shortcomings in vaccine administration (e.g. age,
dose, MDAs, method of administration) and other management issues (e.g.
housing). Because of this, | used economic analysis to show how the
implemented vaccination programmes/combination of vaccines could
increase revenues in a given production unit. For example in 2013 on one of
the farms | recommended to quit vaccination altogether, because it was
unnecessary and we could increase revenues by 1,111 HUF per market pig.
When looking at the farms in total, my calculations show that vaccination
against PCV2 would yield the most economic benefit, even if used by itself;
followed by APP, Mhyo and PRRS. When vaccinating against two pathogens,
immunization against PCV+APP resulted in the highest increase in revenues,
followed by PCV+Mhyo and Mhyo+APP. For the combinations of three
pathogens, PCV+Mhyo+APP promised best improvement in revenues.

In conclusion we can state that vaccines and vaccine protocols used on farms
were capable of significantly decreasing losses due to infectious diseases, but
did not realize the expected profits following implementation. The surveyed
farms still lagged behind significantly in almost all production parameters,
with the number of market pigs per year being the most important parameter.
This could be improved by improving mortality rates and ADG.

3.2 The importance of PRDC pathogens and predisposing factors and
management practices and values according to farm managers and
veterinarians in Central-Europe

Figure 9 summarizes that veterinarians were stricter (identifying more non-
compliance) during the evaluation of predisposing factors than farm managers
for all factors — farming environment, management, housing, production
technical parameters, lung health status and other diseases — except for
slaughterhouse checks. Farm managers identified and evaluated only 62% of
existing non-compliant general conditions compared to veterinarians.
Regarding disease, 81% of farm managers’ results coincided with
veterinarians’ but farm managers failed to recognizes clinical signs of atrophic
rhinitis.
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Figure 9: The importance of general risk factors for PRDC according to
veterinarians and farm managers
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Veterinarians considered farming environment, management, housing,
production technical parameters, lung health status and other diseases to be
the most important PRDC risk factors, although we would have expected farm
managers to evaluate general factors more strictly. Their opinions were more
similar regarding the importance of PRDC pathogens, although farm managers
did not identify atrophic rhinitis at all. Based on these results we can conclude
that farm managers in Central-Europe should perform external audits of their
farms more frequently to avoid becoming “blind” to problems and to gain
better understanding of the predisposing factors and the multifactorial nature
of PRDC. Results also point out that both farm managers and veterinarians
need regular trainings in internal biosecurity (animal hygiene) and
management. Farm managers should receive in-depth training regarding
disease symptoms and it would be beneficial to implement a training and
coaching system based on regular farm assessments prevent production losses
arising from “operational blindness”. The evaluation method used in this
thesis could be a good tool for such audits.

The 101 respondents considered the 10 management factors shown in Figure
10 to be the most important when establishing a new farm (results presented
as a percentage of respondents).
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Figure 3: The 10 most important PRDC management factors to consider
when establishing a new farm (%)
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Note: Biosecurity, BS; All-In-All-Out, AIAO; Good Vet Practice, GVP;
Human Resources, HR; Feed Quality, FQ; Management, M; Farm Isolation,
FI; Low Farm Density, LFD; Low Disposal Rate, LDR and Population
Density, PD.

Biosecurity, AIAO, Good Veterinary Practice, human resources, low farm
density, feed quality and management were named in the survey. Feed safety
(mycotoxins), internal biosecurity (animal hygiene) and owners’ attitude were
also identified by respondents as being critical management factors. Only low
disposal rate (culling and mortality) had been chosen from the group of
production parameters, FCR, ADG, output and data management were not
considered to be that important. Our survey revealed that farm management is
not efficient, which means that unsolved problems arising persistently from
daily operations (not adequate AIAO, biosecurity, internal biosecurity, and
feed safety — mycotoxins) have the most damaging effect on the PRDC
situation in pig farms in Central-Europe.

Figure 11 displays the 10 leadership competencies respondents considered to
be the most important (a) in Central-European pig farms according to
respondents.
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Figure 41: The 10 most important leadership competencies of pig farm
managers (shown as a % of answers)
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Figure 12 demonstrates the 10 least important (b) leadership competencies
in Central-European pig farms according to respondents. Based on the results
we can conclude that managers generally avoid changes and competition,
strive to achieve stability and are not willing to take risks. This might be the
reason why pig farms are slow to react to changes, whether in the field of
nutrition (mycotoxins), genetics (genetic improvement or improvement in
production provided by new hybrids), technology (new trends in
reproduction), daily operations (changes in cross fostering methods) or
biosecurity (PRRS eradication). Since pig farms operate under continuously
changing conditions, our investigation underlines the importance of
appropriate training regarding management for both farm managers and
veterinarians.
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Figure 5: The 10 least important leadership competencies of pig farm
managers (shown as a % of answers)
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1)

2)

3)

New and novel scientific results

| presented the type and proportion of genetics used in Hungarian farms,
farrowing systems, farming environment, biosecurity measures and level
of employee working standards. The majority, 65% of farms use hybrids
of international breeding companies (Topigs, Danbred Hypor), while some
use Hungarian genetics (FSE and mangalica). Generally (90%) production
is either continuous or organized in 1-week batches. Location and
external/internal biosecurity of the farms are the most vulnerable points of
the sector. The weakest point being the lack of quarantine measures: 3 out
of 4 farms do not have appropriate quarantine conditions for incoming
animals. Staff are not appropriate for competitive pork production —
neither in numbers, in education levels or working standards — except for
staff working in the farrowing units. Only 20% of staff comply with
working standards in the everyday tasks.

| evaluated housing and management of pigs as well as production
parameters and concluded that lack of AIAO procedures, inappropriate
stocking density, handling of sick animals in a way that does not prevent
the spread of infections are the major cause of economic losses beside
environmental factors (ventilation, heating, cooling). On many farms the
feeder and drinker systems are not capable of providing enough feed and
water for the animals to reach their full genetic potential, resulting in a loss
of profit. 80% of the surveyed farms do not have adequate heating, cooling
and ventilation systems to provide appropriate environmental conditions
all year round. 92% of current systems cannot provide appropriate
environmental conditions. On farms affected by porcine respiratory
disease complex (PRDC) suboptimal use of capacity, low daily gains, high
feed conversion rates and significant disposal rates result in economic
losses.

While studying lung health status as well as the clinical, pathological and
slaughterhouse manifestations of PRDC and the occurrence of other
concurrent diseases relevant to PRDC in Hungary, | concluded that
recording of clinical data and pathological findings is incomplete and not
systematic on many farms. Most clinical signs raise suspicions of a
disease, confirm the presence of the pathogens and manifestations
commonly correlate with losses caused by the pathogens. The main PRDC
pathogens on Hungarian farms are PCV2, Mycoplasma hyopneumoniae
and Actinobacillus pleuropneumoniae. Escherichia coli and Streptococcus
suis are common non-respiratory diseases with relevance to PRDC, their
control also requires intensive management strategies. Infectious
respiratory disease outbreaks occur regularly — multiple times per year —
in 30% of the surveyed farms. Coughing, conjunctivitis and wasting the
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4)

5)

most characteristic clinical signs. | found out that farms vaccinate most
against PCV2 and Mycoplasma hyopneumoniae, while Haemophilus
parasuis and swine influenza virus tend to be the least important pathogens
in vaccination programs. PRRS eradication is the biggest challenge for
affected farms. Cost-benefit analyses revealed that B/C ratio for various
types of vaccination programs against PRDC pathogens ranged between
3.08 and 10.65.

| surveyed the opinion of decision makers (farm managers and
veterinarians) on the importance of PRDC pathogens and risk factors; and
which management factors they consider to be important when
establishing a new farm or continuing operations on an existing farm. My
investigations revealed that farm managers tend to be less good in
recognizing and evaluating predisposing factors of PRDC. I concluded that
farm managers’ do not have adequate knowledge regarding the symptoms
of respiratory disease and this results in a lack of implementing appropriate
measures. Result showed that almost 3 out of 4 respondents considered
appropriate biosecurity to be the most important management factor when
building a new farm, while currently lack of AIAO and appropriate staff
are the most important problems on their existing farms. | found that
inadequate stocking density and biosecurity are the most important factors
hindering development on existing farms. This study point out that
systematic audits/benchmarking should be implemented to avoid
operational blindness of farm managers.

| specifically included the gender, age and level of education for farm
managers and demonstrated which leadership competencies and attitudes
are considered to be important by pig farm managers. | observed that
decision makers in Hungarian pig production are men, older than 40 years
of age among who many (20%) have no vocational training and the ratio
of managers with a university degree is very low. My investigations
demonstrated that technical knowledge and quality orientation are the
most important competencies for farm managers, while value orientation
and self-knowledge are not considered to be important at all in Hungary.
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5 Conclusions and recommendations

PRDC represents a major challenge for both veterinarians and producers
because it is a multifactorial disease and management issues play an important
role in its pathogenesis. This implies that an appropriate vaccination program
is only one component in preventing severe clinical signs of respiratory
disease, it is recommended to observe the following management rules also:

e implementation of strict biosecurity measures, use at least 60 days of
quarantine, limit entry of visitors;

e all-infall-out” strategy within a room, thorough cleaning and
disinfection between batches, at least 3 days downtime;

e implementing internal biosecurity measures (separate equipment and
personnel for each age group, disinfectant at the door of each room
and building);

e avoid mixing animals that were born more than 1 week apart, avoid
overcrowding and unnecessary movement of animals, isolate sick
animals in a separate room and handle them separately;

e provide appropriate ambient temperature all year round, avoid high
temperature fluctuations in the buildings (x2 °C);

e provide appropriate ventilation all year round, strive for a relative
humidity of 70%, keep ammonia levels below 50 ppm and carbon-
dioxide levels below 1500 ppm;

e reduce the level of nematode infestation by regular deworming;

e monitor, survey the farm regularly to determine environmental,
housing, management, production and respiratory health issues;

e monitor PRDC with regular serological testing and slaughterhouse
checks.

The quality of animal health practices is a decisive factor determining the
biosecurity of the farm, greatly influencing productivity and profitability.
Since the relationship between management strategies in pig farms and animal
health practices has been proven to be significant, the costs of PRDC control
are proven to return manifold if the farm managers are committed to improve
the animal health status of the farm.

In this thesis | described the animal health aspects PRDC management of pig
production operations in detail, I analysed and evaluated farm management
and available data with the help of a scoring system. In some farms
management-related data are available (monitoring of critical factors
influencing PRDC) but there are management errors and daily organization
has shortcomings (farm surveys).
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Our investigations revealed (study of critical PRDC factors) that farm
managers fail to identify a number of management factors (mainly
predisposing factors for PRDC such as environment, management, housing,
production parameters, respiratory and other diseases) that lead to the
manifestation or the aggravation of PRDC, while also failing at recognizing
symptoms of specific diseases.

Results of our study show that veterinarians consider the following factors to
be most important regarding PRDC management (in order of decreasing
importance): other — non-respiratory — diseases on the farm, monitoring
productivity with slaughterhouse checks, monitoring production parameters,
continuous monitoring of lung health status and environment (including farm
isolation, internal and external biosecurity, purchase of animals, separation of
animals according to age and AIAO). Farm managers ranked the following 5
factors as most important (in order of decreasing importance): other — non-
respiratory — diseases on the farm, monitoring production parameters, housing
conditions (ventilation, heating, cooling, stocking density, isolation and
treatment of sick animals and uniformity), continuous monitoring of lung
health status and monitoring productivity with slaughterhouse checks. Both
groups of respondents ranked other, non-respiratory diseases as the most
important, and neither ranked good veterinary practices among the 5 most
important factors. Veterinarians did not include housing (including isolation
of sick animals), while farm managers did not include farming environment
(AIAO and internal/external biosecurity).

Result demonstrated that respondents consider creative, quality team work
based on technical knowledge to be the most important for pig farm managers.
They also mentioned strategic thinking and striving for financial security.
Meanwhile performance orientation, lifelong learning, innovation, risk taking
and competitiveness did not make it into the list of the 10 most important
competencies. Surprisingly self-knowledge, value orientation and loyalty
were ranked to be among the 10 least important competencies. Based on the
results we can conclude that managers generally avoid changes and
competition, strive for stability and do not take risks. This might be the reason
why pig farms are slow to react to changes in nutrition, genetics, technology,
daily operations or biosecurity. Since pig farms operate under continuously
changing conditions, it has to be stated that either managers lack such
knowledge or they are not making use of their knowledge.

Our results indicate that both farm managers and veterinarians need regular
trainings in the fields of internal biosecurity (animal hygiene) and
management. It is also obvious that farm managers should receive in-depth
training regarding disease symptoms and a training and coaching system based
on regular farm assessments is needed to prevent production losses.
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Our surveys revealed that farm management is not efficient, which means that
unsolved problems arising persistently from daily operations (not adequate
AIAO, internal biosecurity, feed safety) have the most damaging effect on the
PRDC situation in pig farms in Central-Europe. As pig farms operate in a
continuously changing environment, our results point out that it would be
important for both farm managers and veterinarians to receive education
regarding change management also.
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