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Challenge: Optimal vaccination
strategies

1. Introduction

Commercial vaccines are widely available for general diseases caused by bacteria or viruses
and for diseases of the respiratory tract; there are less for diseases of the gastrointestinal
tract. Autogenous vaccines (AV) are used in case of regional or unique strains of a pathogen,
no response to available vaccines (e.g. strain not available in commercial vaccine) or
resistance of antimicrobials (1—3). Common use for AVs is vaccination of sows to prevent
piglets from disease e.g. E. coli, Clostridia and Rotavirus (4, 5) or weaner pigs from e.g.
Glasser’s disease, Salmonella, Actinobacillus pleuropneumonia (APP) and Streptococcus
suis (6, 7).

There are three main categories of vaccines: live, killed and genetically engineered (e.g.
recombinant, subunit vaccine). In general, live vaccines (LV) show a wider range of
immunologic response than inactivated vaccines, since natural infection is imitated with a
“‘weakened” microorganism, which lost most of its disease-causing potential. However, there
is a risk of reversion to virulence by back mutations and causing symptomatic affections.
Killed vaccines are often combined with adjuvants, substances that trigger the immune
response but with potentially irritating effects (8). Recombinant vaccines show a better
stability compared to traditional vaccines but production costs are high and there is a risk of
mutation in host DNA using DNA vaccines. Subunit vaccines are generally safe to use, they
cannot cause disease and have less side effects because of purified antigenic components
but might be less immunogenic than LVs (9).

Routes of application

Four routes are used in routine vaccination: intramuscular, subcutaneous, intradermal and
oral. Traditionally, vaccines are administered intramuscularly with a needle and syringe. This
method is inexpensive and easily adaptable. However, needle injections introduce stress,
pain and increase the risk to transmit diseases, needles are not generally changed between
animals or litters. Needles also have a negative impact on carcass quality because of the
deep tissue damage and increased chance for abscess formation. Concerning intradermal
vaccination with a needle free injector (e. g. IDAL® or Hipradermic), where a high-pressure
stream of fluid is forced through the skin via mechanical pressure, benefits are dose-sparing,
cost savings, prevention of abscess formation, no risk of pathogen transmission, no damage
of muscle, no risk of breakage of the needle and in the pig less pain perception (10-12).
Kauffold et Sigmarsson showed that piglets vaccinated intradermally were more active, were
suckling more and had more social contacts than piglets injected with a needle in the post-
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vaccination observation period (P<0.01) (13). Temple et al. showed that sows vaccinated
with a needle were less active than sows vaccinated intradermally (P=0.031) (11).

2. Research Questions

The aim of the project is to point out a number of vaccination strategies and the different
routes of application. It should be shown how these practices use different strategies to
improve health on farms and their innovative reaction to various problems related to pig
production. Furthermore, potential gaps in knowledge should be detected which may
eventually lead to better understanding what is needed in the future to improve health
management in the swine industry.

3. Methodology

In order to identify the top five best practices across all the EU PiG regions a series of criteria
have been used, which are able to measure the effectiveness of the collected practices to
match the specific challenge.

The following set of criteria have been scored for each practice.

- Excellence/Technical Quality
o Clarity of the practice being proposed
o Soundness of the concept
o Knowledge exchange potential from the proposed practice
o Scientific and/or technical evidence supporting the proposed practice
- Impact
o The extent to which the practice addresses the challenges pointed out by
the Regional Pig Innovation Groups (RPIGs)
Clear/obvious benefits/relevance to the industry
Impact on cost of production on farm and/or provide added value to the
farming business or economy
o The extent to which the proposed practice would result in enhanced
technical expertise within the industry e.g. commercial exploitation,
generation of new skills and/or attracting new entrants in to the industry

- Exploitation/Probability of Success
o The relevance of the practice to each Member State (MS) or pig
producing region/system
o Timeframes for uptake and realisation of benefits from implementation of
the proposed practice are reasonable
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o The extent to which there are clear opportunities for the industry to
implement the practice/innovation

o Degree of development/adaptation of the practice to production systems
of more than one MS

Innovation
o Evaluation of innovation (novelty) with the good practice
o Level of innovation according to the Technology Readiness Level (TRL)

Scores had to be in the range of 0-5 (to the nearest full number). When an evaluator
identified significant shortcomings, this was reflected by a lower score for the criterion
concerned. The guidelines for scoring is shown below (no half scores could be used).

0 The practice cannot be assessed due to missing or
incomplete information.

1 - Poor The practice is inadequately described, or there are
serious inherent weaknesses.

2 - Fair The practice broadly addresses the criterion, but there
are significant weaknesses.

3 - Good The practice addresses the criterion well, but a number
of shortcomings are present.

4 — Very Good The practice addresses the criterion very well, but a
small number of shortcomings are present.

5 — Excellent The practice successfully addresses all relevant
aspects of the criterion. Any shortcomings are minor.

The selection of the top five best practices followed the procedure described below:

1.

3.

4.

Members of the Thematic Group (TG) were asked to score all submitted best
practices according to the defined guidelines and sent their scoring sheets to the
TG leader

. In addition to the scores, TG members provided brief comments indicating weak

points or particular strengths of submitted best practices

A conference call was used to discuss the scoring results and select the top five
best practices. During this call, the top 10 best practices were discussed based
on the ranking submitted by thematic group members. The discussion of the top
ranked best practices was started from the lowest rank, i.e. best practice with the
highest average score, to rank number 10. A selection of the top five best
practices was made during the call.

A summary of all discussions was sent out after the call to review the decision of
the selected five best practices by thematic group memebers.
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4. Results and Discussion

4.1. Validation of top five practices

The following top five best practices within the challenge of optimising the use of
different vaccination strageties have been selected by the thematic group:

Title of best practice Country
Cross-company PRRS approach, 13 participating farmers supported by Belgium
researchers

Long-term use of vaccination schemes based on clinical observation and Germany
controlled by a continuous monitoring system

Improvement of production efficiency in a sow herd by the use of autogenous Austria

vaccine against piglet diarrhoea

Intradermal vaccination Denmark
Intense monitoring in four steps of health status as basis of knowledge for Belgium
determination of a vaccination strategy

Cross-company PRRS approach, 13 participating farmers supported by researchers

There was an unstable PRRS situation at various nearby pig farms in Belgium. In 2015, 13
farms (piglet rearing, sow farms and finishing farms) in the same region decided to go
together towards a stable and healthy farm. The idea was based on sharing information and
working out a common strategy in the context of PRRS and the health status of the farms.
This is intended to improve the production results, both technically and financially. Business
leaders want to learn from each other through intensive and open communication.

After consultation with the internal and external partners, a joint vaccination strategy was
implemented in combination with an improved biosecurity status at the individual farms and
information exchange about diseases and other relevant problems. PRRS strains are typified
so that biosafety leaks can be detected. Based on the individual results of the audits an
individual plan or approach for each farm was set up.

Learning outcomes so far:
e Increase in awareness of the importance of biosafety and continuous monitoring by
the farmers
e Awareness that solving health problems in general and in PRRS specifically, requires
a total approach
e All farms have the same veterinarian by now
e All farms use the same vaccines and the same vaccination scheme
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e 30% less problems than in 2015
Future plans:
e Common source for the sperm

Porcine reproductive and respiratory syndrome virus (PRRSV) is one of the most
economically significant pathogens in swine industries of many countries. It is reported that
annual economical losses due to PRRSV are $664 million in USA (14). It has been shown
that PRRSV can be controlled and possibly eliminated in individual farms via multiple
strategies, such as gilt acclimation (15), depopulation/repopulation (15), mass vaccination
(16), test & removal (17), herd closure with/without intentional exposure (18) and so on.
However, re-infection with new strains of PRRSV is still frequent, and area spread of the
virus is the biggest challenge we have been facing in regards to PRRSV control today.
Transmission routes of PRRSV have been scientifically proven already, and biosecurity
interventions should be practiced based on published criteria. Due to the fact that area
spread of the virus is the biggest challenge of PRRS control, area regional approach on
control/elimination has been initiated in more than 25 regions in North America (19, 20) or in
the Netherlands (21) and Japan (22). So far, all those activities/programs are totally swine
producer-driven at voluntary basis, along with collaborations of universities or industrial
partners. Area regional approaches require a great deal of communication and information
sharing among the participating producers, vets, and all other supporters within that region. It
indicates that area regional approach is one of the most important keys for PRRSV
control/elimination in the future. The idea for this project therefore is not new, but very
relevant and challenging, since no PRRS control is alike; in this case one single veterinarian
is doing the work and implementing one single vaccination scheme.

This best practice has been selected by the TG members since they agreed that it describes
an innovative approach in Europe; area regional control programs for PRRSV are used in the
US but are not widely distributed in Europe.

Cons:
e The only future approach is to manage the sperm situation.
e 30% less problems: does it mean, clinical problems or viremia or seropositivity;
depending on these variants, it could be successful or unsuccessful.
¢ No information on vaccination schemes is given.
¢ No information on the monitoring system is provided.
¢ No information on biosecurity checks is given.
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Long-term use of vaccination schemes based on clinical observation and controlled
by a continuous monitoring system

On a German multiplier farm (2,100 sows) the attempt for Mycoplasma hyopneumoniae (M.
hyo) eradication failed in the beginning. The monitoring program for the major pathogens i.e.
PRRSV, APP, PMT started immediately (2-6 times/year). Clinical sneezing and coughing first
occurred after six months in piglets at the end of nursery and in gilts and led to additional
blood/bronchoalveolar lavage sampling. M. hyo antigen and antibodies were detected while
other major respiratory pathogens were negative. M. hyo vaccination was introduced and a
quick reduction of clinical problems could be observed. Slaughterhouse checks of M. hyo
affected pigs showed typical lesions while M. hyo vaccinated gilts were without/little signs of
M. hyo infection. In contrast to affected groups with frequent antibiotic treatment, no
treatments were necessary after introduction of the vaccination.

The implemented vaccination and monitoring are still performed. The situation is stable and
will be continued as this led to high satisfaction of the farmer and his customers buying the
gilts and fattener piglets.

Thematic group members have selected this best practice as they liked the idea of a targeted
approach for on farm vaccination programs and monitoring of diseases. This best practice
has been chosen over other best practices describing monitoring of diseases since it
appeared more complete including not only serological profiling but also slaughterhouse
checks.

Output:

e HACCP concept is simple and easy to perform in combination with long term
vaccination prophylaxis

e Sustainable production and reduced workload as no treatments, especially antibiotics,
are necessary

e High satisfaction of farmer and customers due to reliable respiratory healthy fatteners
and gilts

e Due to efforts in antibiotic reduction the knowledge of the responsible pathogens is
crucial for the choice of the adequate vaccination scheme

e A continuous broad and frequent monitoring can bring deep insights in the major
pathogens involved in clinical problems. When the conditions are stable and
biosecurity protocols are in place, vaccination schemes can last over long years with
very good results bringing health stability, low workload, limited antibiotic use and trust
to the products of these farms

Mycoplasma hyopneumoniae, the primary pathogen of enzootic pneumonia, occurs
worldwide and causes major economic losses to the pig industry. The organism adheres to
and damages the ciliated epithelium of the respiratory tract. Affected pigs show chronic
coughing, are more susceptible to other respiratory infections and have a reduced
performance (23). Control of M. hyo infections can be accomplished in a number of different
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ways, namely by optimization of management practices and housing conditions, the use of
antimicrobials and vaccination (24).

In the present farm, biosecurity and management conditions were improved and a (not
described) vaccination regime was implemented, antimicrobial treatment was not necessary.

Pros:
e Good diagnostic approach/monitoring system

e Combination of vaccination and management improvement
Cons:

e No new approach, the majority of European farms vaccinate against M. hyo
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Improvement of production efficiency in a sow herd by the use of autogenous vaccine
against piglet diarrhea

The farm, located in Austria, had to deal with diarrhea in suckling piglets on a regular basis.
After implementation of proper diagnostic investigations, an autogenous vaccine including
different strains of E. coli and Clostridium perfringens type A was produced. Sows are
vaccinated prior to farrowing in order to protect piglets via passive immunity. The vaccine had
to be optimized a few times, i.e. in case of re-occurrence of diarrhea, samples were
submitted for diagnostics and if new strains were detected those were included in the
vaccine. Since the autogenous vaccine has been introduced, treatment of suckling piglets
due to diarrhea could be reduced to individual treatments. The number of piglets weaned per
sow, per year increased from 27 to 30. The weaning weight of piglets could be increased,
which is an important economic factor for this farm since piglets are sold directly after
weaning.

In swine there is no materno-fetal transfer of immunoglobulins via the placenta and newborn
piglets receive their passive immunity postnatally through colostrum intake. Therefore — in
case of very early diseases like suckling piglet diarrhea — piglets can only be protected if they
take up enough maternal antibodies against the causative agent via the colostrum. To reach
the antibody levels required by newborn piglets, sows are vaccinated in late pregnancy (25).
There are numerous commercial vaccines against diverse E.coli strains and also Clostridium
perfringens type A on the market, but not in all possible combinations (25). For best results,
problem causing agents must be diagnosted prior to vaccination in order to get the right
vaccine. In some countries, the production of autogenous farm-specific vaccines is allowed,
which has the advantage that it can be adapted at any time and more than only the
standardized strains can be included.
Currently, no commercial vaccines are available in case of double infection of E.coli and
Clostridium perfringens type A. Therefore, the only possible way to avoid the use of two
different commercial vaccines is the production of autogenous vaccines. Successful use of
autogenous vaccines against Clostridium perfringens type A in combination with E.coli have
been reported from Ireland (5).
The present farm shows that the use of autogenous vaccines can be successful in case the
right pathogens are included in the vaccine: not only were the clinical signs reduced, but also
the weaning weight increased.
Thematic group members selected this best practice since it was found to be innovative in
some countries. However, the members were well aware that the legal situation varies
among different European countries and therefore, this best practice cannot be easily
implemented all across Europe.
Pros:

e Good diagnostic approach, confirmed by optimal effect of vaccine.
Cons:

¢ No new approach
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Intradermal vaccination

The piglet producing Danish farm is vaccinating the piglets against PCV-2 and
M.hyopneumoniae with intradermal vaccines using the IDAL® device. These vaccines are
used in swine productions all over the EU, though to a much lesser extent than the
intramuscular vaccines. From the immunological point of view, intradermal and intramuscular
vaccination both induce a comparable cellular and humoral immune response against
different pathogens (26—-29).

According to the farmer, there are some advantages using the intradermal vaccination:

1. “The procedure reduces the spread of infectious pathogens between pigs.” In fact,
needles can serve as mechanical vectors for the spread of hematogenously transferable
pathogens like porcine reproductive and respiratory syndrome virus (PRRSV) (30, 31)
and Mycoplasma suis (32), though it was shown under experimental conditions there was
still a risk of a needle free injection of acting as a vector.

2. “ltis easier to use, since 1,000 doses can be applied per battery charge.” Therefore, the
changing of needles is no longer necessary.

3. “Less time is used on vaccination since it is easier to administer the vaccine”.

4. “Pigs are less affected by the vaccine, when intradermal vaccination is used”. It was seen
that needle-free intradermal vaccination in gestating sows reduced fear and pain reaction
(11). Goller et al. (2016) reported a greater activity in suckling piglets the day after
intradermal vaccination compared with the intramuscular route (33). Intradermally
vaccinated piglets also presented an increased suckling behaviour which was associated
with a reduced level of stress. It is described for intramuscular injections that there are
local reactions, but also after intradermal application painful swellings might be observed
in rare cases (MSD Manual).

But there are even more advantages:
e Intradermal vaccination reduces the risk of self-injection of the people vaccinating.
e There are more points of application when using the intradermal vaccination,
compared to intramuscular vaccination. Besides the neck, also the back muscles and
the hind legs can be used.

Thematic group members selected this best practice based on all the benefits mentioned
before. This best practice has been favoured over other best practices describing the use of
intradermal vaccine application since a direct comparison to the intramuscular route of
vaccination can be drawn in the described farm.

The only disadvantage according to the farmer is the lack of combination vaccines. At the

moment, PCV-2 and M.hyopneumoniae can not be mixed, two different intradermal shots
must be applied. This is time-consuming. However, a device to administer two vaccines

Technical reports Page 10 of 33



intradermally at the same time, side by side into the skin is being launched at the moment by
MSD animal health. Cost: 2-3 devices for intradermal vaccines and service of the device.

Benefits: less time required, smaller doses of vaccines, fewer animals with infections.
Intradermal vaccines can improve animal welfare and reduce infections independently of
country.

Intense monitoring in four steps of health status as basis of knowledge for determine
a vaccination strategy

This best practice involves:

e Vaccination regime: Parvovirus vaccination in sows 10 days after farrowing, basic
vaccination at 26 and 30 weeks of age; one shot M.hyopneumoniae vaccine
applicated with the IDAL® (MSD); since three months a Glaesser’s vaccination is in
place as a reaction of deaths of piglets caused by Haemophilus parasuis one week
after birth.

e Two times a year they make a full analysis (four steps):

o There’s a slaughter line study for mycoplasma using the BOLLO-score
(Spanish method, scale from 1 to 5 measuring the lung damages)
o A saliva test at 4 and 8 weeks for the presence of PRRSV
o A blood test at 8, 12 and 20 weeks for circovirus
o A biosecurity audit
Followed by a discussion of the results. This monitoring determines if there’s need for
vaccination.

The sows give birth to 29.5 piglets a year. The piglets are stronger, get off to a better start
and are easier to wean. Piglets are 7.5 kg at weaning on day 28. The piglets grow 70 to a
100 grams more per day than two years ago. Only 1% of the pigs have lungs with pleurisy
injury (score 3 and 4). The APP index is 0.01, whereas the mean was 0.63, mycoplasma
takes place in 0.48% of the cases (average = 25%) and M.hyopneumoniae index was 0.01
instead of 0.49.

Similar to the German best practice, thematic group members have selected this best
practice as they liked the idea of a targeted approach for on-farm vaccination programs and
monitoring of diseases.

Essentially, disease monitoring is always a very good tool to expand knowledge about
prevalences of certain pathogens in a farm. In this farm, the screening was focused on three
main pathogens: Porcine reproductive and respiratory syndrome virus, Mycoplasma
hyopneumoniae and Porcine Circovirus 2, immune-depressing and respiratory agents, all
playing a role in the porcine respiratory disease complex. Mycoplasma hyopneumoniae is
one of the most important primary bacterial respiratory pathogens associated with
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https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/mycoplasma-hyopneumoniae

pneumonia (34). M.hyo in combination with other cause swine enzootic pneumonia (EP).
Gross lung lesions in pigs affected by enzootic pneumonia consist of cranioventral pulmonary
consolidation (CVPC) are usually distributed bilaterally in the apical, intermediate, accessory
and cranial parts of the diaphragmatic lobes (24). Several lung scoring methods are currently
in place for evaluating CVPC at the abattoir, where the evaluation of lung lesions is
commonly used to estimate the prevalence and severity of respiratory diseases and their
impact on carcass market price, risk factor assessment and vaccine efficacy (35, 36). Still,
not every CVPC necessarily is M. hyo associated and from time to time also direct detection
of the causative agent is necessary.

Oral fluid collected by means of ropes has the potential to replace serum for monitoring and
surveillance of important swine pathogens. Surveillance of PRRSV infection in swine
populations via testing of oral fluid specimens is well-documented (37—40). Based on the
information of this application, it is assumed that direct detection using PCR methods were
performed.

PCV-2 has been one of the most present viruses within the domestic pig population, reaching
seroprevalence levels near to 100% (41). This virus has an ubiquitous nature in the pig
population and is the causative agent of a number of clinical and subclinical conditions
named Porcine Circovirus Diseases (PCVDs) (42). Serum is the most commonly used
sample to assess PCV2 antibody and genome detection (42). In this farm it is assumed that
they take serum samples for direct detection. Oliver-Ferrando et al. suggested serological
testing of piglets at the age of 3, 6, 9 and 12 weeks (43). Here, piglets are screened at 8, 12
and 20 weeks, but it is not known if antibody or antigen detection is performed.

Pros:
e Screenings performed on a regular basis.

Cons:

e There are no analysis methods described, therefore no conclusion can be made of the
efficiency of the outcome.

e Lung scoring at the abbatoir is a good method to get an overview of the respiratory
health, but cranioventral consolidations of the lungs do not necessarily implicate
M.hyopneumoniae infection. Pleuritis is not necessarily associated with APP infection.
From the veterinarian perspective, further diagnostic approaches are necessary.

e Only respiratory signs are screened, no information about enteric signs are given.

¢ No information about PRRS status is given; “PRRS-vaccination not needed” does not
necessarily mean the farm is free of PRRS.

e It is not mentioned how biosecurity is checked on farm. There is no audit protocol /
checklist available to get an overview about biosecurity controls.
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4.2. Cost-benefit analysis of the EU PiG Ambassador

The costs and benefits of this good practice applied on 13 Belgian pig farmers, who
collaborate together to optimise vaccination against PRRS, have been calculated for an
average pig farm in Belgium represented in the Interpig database of 2017. A specific data
collection has been carried out focused on the changes in the key performance indicators
and on the eventual extra costs related to this strategy.

From 2015 and onwards the pig farms are screened twice a year on the presence of PRRS,
circo-virus and influenza by means of blood samples. When all data of the farms have been
analysed, the pig farmers gather together to discuss the results with an expert. From the
comparison it turned out that some pig farmers have to dedicate more attention to
quarantine, other need to disinfect better, other again changed their veterinarian. The costs
related to this biannual screening amounts €1,400 per farm, which corresponds to €0.89 per
slaughter pig. The screening activity has shown that the pig farms on average are
vaccinating too much against circo and by reducing this type of vaccinations 32% of
veterinary and medicines costs can be saved.

After three years of applying this cross-company strategy, the pig farmers agreed upon the
following effects that have been reached on average on the participating farms:

- 2.5 more piglets weaned per sow

- amore than 5% increase of the piglet weight at weaning

- a higher daily liveweight gain of weaners (+5%)

- a 5% better feed conversion rate of the finishing pigs

In general, the piglets and weaners have become more robust and resilient. The costs and
benefits of this good practice are reported in the table below.

Table — Costs and benefits of the cross-company PRRS approach

With cross-

company

PRRS

Interpig BE | approach % var.

Veterinarian and medicine (euro/sow/year) 97 65 -32.7
Extra fixed costs (screening twice a year) (€/finishing pig) |0 0.89
Transfer weight from breeding to rearing unit (kg) 6.6 6.9 5.3
Pigs weaned per sow/year 29.8 32.3 8.4
Rearing Daily Liveweight Gain (g/day) 362 380.1 5.0
Finishing Feed Conversion Rate 2.76 2.62 -5.0
Results
Gross Margin Il ratio (over feed costs and other var. costs) |28.36 31.94 12.6
Total production costs (euro/kg cold weight) 1.43 1.36 -4.9
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From the analysis it turns out that the costs of screening, which is carried out twice a year,
are amply paid back by lower veterinarian and medicine costs because of “over-vaccination”,
better performing sows, piglets and weaners, and an improved feed conversion rate of the
finishing pigs. The final result of this strategy is an increase of the gross margin by 12.6%
and a reduction of the production costs of pig meat by 4.9%. This good practice of optimising
the vaccinations on pig farms has demonstrated to be highly valid and economically viable.

4.3. Experts input into the Cost Benefit analysis

In general, experts agreed on the cost benefit analysis. They also stated that the benefit
could vary greatly between farms and of course, between different regions in Europe, since a
lot of factors will have an influence on both costs and benefits.

However, some concerns were raised on the description of over vaccinating aginst PCV2 in
the winning best practice. Some experts believe that it is not possible to over vaccinate
against PCV2 since it had been shown in the past that as soon as vaccination against PCV2
is stopped or reduced, clinical problems will return leading to reduced growth performance
(more or less obvious), increased mortality, increased use of antibiotics, etc..

Also, some experts mentioned that the extra time needed for vaccination might not have
been accounted for during the cost benefit analysis. It was not quite clear to some experts if
the reduced costs of veterinary services are related to a reduction of diseases in participating
farms or a better price for pharmaceuticals provided by the veterinarian who is now in charge
of all participating farms.

4.4, Conclusions and advice to the industry

The idea of regional control programs of diseases and sharing of information among farmers
within a specific region was highly appreciated by experts. Although this idea is not new, it
has not been widely adopted within Europe. In the case of the selected winning best practice,
PRRS was the driver to start cooperating beyond the limits of the individual farm. However,
the cooperation and knowledge exchange of farmers will not only help to combat PRRS but
also other disease and should therefore lead to better health and performance across
participating farms.
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5. The Future

Control and monitoring of diseases is and will always be challenging on swine farms. The
prophylactic use of vaccines provides an important tool to prevent clinical disease and losses
in pig production, reduce losses due to lower performance of pigs but also provides an
opportunity to reduce the need of treatment of sick pigs. This is particularly important in times
when the use of antimicrobials in farm animals is considered a public health risk. The
development of new and innovative vaccines by pharmaceutical companies should therefore
be highly encouraged.

In general it can be concluded that it is important to collaborate with counsellors and
colleagues to find specific vaccination strategies for each farm depending on the diasease
status of the particular farm and also farms located close-by. Proper diagnostic investigations
will be key in order to know which diseases are of relevance for a particular farm and set-up
proper vaccination protocols.
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Challenge: Alternatives to the use of
zinc oxide

1. Introduction

Zinc oxide is used in many countries throughout Europe for the prevention of post-weaning
diarrhea and edema disease in weaned piglets. High doses of Zinc oxide in the diet of
weaned piglets prevents diarrhea by inhibiting the attachment of pathogenic E. coli to the
intestinal mucosa and reduces the secretion of ions into the intestinal lumen thus enhancing
water resportion (1). Some authors described immuno-modulatory activities, e.g. reduction of
pro inflammatory histamine and inhibiting the proliferation and activation of intestinal mast
cells (2). However, the application of high doses of Zinc oxide also effects the microbial
composition and leads to lasting effects during the development of the intestinal microbiota
(3). Furthermore, Zinc oxide accumulates in soil and the application of Zinc-rich manure in
the fields is considered as an environmental pollutant and therefore poses a health hazard.
Some European countries have already banned the therapeutic use of Zinc oxide whereas in
other countries it’s still used as a common disease preventing strategy. Due to the intention
of the European Commission in phasing out the therapeutic use of Zinc oxide, it is necessary
to think of alternatives (1).

Studies with organic acids like benzoic acid and medium chain fatty acids (MCFA) have
shown the first promising approaches. Organic acids reduce pH-values in the gastrointestinal
tract and their antimicrobial properties can prevent the overgrowth of bacteria like Salmonella
and E.coli and increase the secretion of pancreatic enzymes (4). MCFA have also
considerable antimicrobial properties with a similar mode of action to organic acids (5).
Combining organic acids and MCFA in the piglet’s diet, showed a significantly increased feed
intake, growth rate and feed/weight gain ration compared to a combination of Zinc oxide and
antibiotics (6).

Furthermore, research demonstrated that essential oils might be great alternatives to
antibiotics and Zinc oxide in feed. Their positive effects on inflammation, oxidative stress, the
intestinal microbiome, gut chemo-sensing and bacterial quorum sensing led to better
production performance in animals in different studies (7).

Antimicrobial peptides are produced by several species including bacteria, insects, plants
and vertebrates and they can be protective against bacteria, fungi, parasites, viruses and
cancer cells. Their characteristics make them desirable alternatives to antibiotics or the use
of Zinc oxide. Bacteriocins are ribosomally synthesized antimicrobial peptides produced by
bacteria that inhibit the growth of similar or closely related bacterial strains. To date, they are
used in the preservation of foods and only a few studies focused on their use in swine
production. Colicins are a class of bacteriocin produced by and effective against E.coli and
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closely related strains. They have been shown to be effective against many pathogenic E.
coli strains including those responsible for post-weaning diarrhea and edema disease in pigs
(8, 9).

The use of bacteriophages, which are viral entities that multiply inside bacteria, for phage
therapy was popular during the 1940s. Presently phage therapy is out of fashion, although
their inherent antimicrobial properties make them perfect candidates for controlling bacterial
diseases. The supplementation of bacteriophages to the diet of weaning pigs resulted in a
better growth performance, digestibility and gut development and therefore, the effects are
comparable to Zinc oxide and organic acids (10).

Moreover, probiotics, prebiotics and synbiotics are used as feed additives. The dietary
supplementation of probiotics enhances gut health, nutrient digestibility and growth
performance (11).

2. Research Questions

The purpose of this project is to show different alternatives to the use of zinc oxide as already
used successfully on farms across Europe. Different strategies and innovative ideas were
used to improve gut health and to reduce the use of zinc oxide or antibiotics. Furthermore,
gaps of knowledge should be detected which lead to new research questions to improve the
overall understanding what is needed in the future to enhance gut health in pig production.

3. Methodology

In order to identify the top five best practices across all the EU PiG regions a series of criteria
has been used, which are able to measure the effectiveness of the collected practices to
match the specific challenge.

The following set of criteria have been scored for each practice.

- Excellence/Technical Quality
o Clarity of the practice being proposed
o Soundness of the concept
o Knowledge exchange potential from the proposed practice
o Scientific and/or technical evidence supporting the proposed practice
- Impact
o The extent to which the practice addresses the challenges pointed out by
the Regional Pig Innovation Groups (RPIGs)
o Clear/obvious benefits/relevance to the industry
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o Impact on cost of production on farm and/or provide added value to the
farming business or economy

o The extent to which the proposed practice would result in enhanced
technical expertise within the industry e.g. commercial exploitation,
generation of new skills and/or attracting new entrants in to the industry

- Exploitation/Probability of Success

o The relevance of the practice to each Member State (MS) or pig
producing region/system

o Timeframes for uptake and realisation of benefits from implementation of
the proposed practice are reasonable

o The extent to which there are clear opportunities for the industry to
implement the practice/innovation

o Degree of development/adaptation of the practice to production systems
of more than one MS

- Innovation

o Evaluation of innovation (novelty) with the good practice
o Level of innovation according to the Technology Readiness Level (TRL)

Scores had to be in the range of 0-5 (to the nearest full number). When an evaluator
identified significant shortcomings, this was reflected by a lower score for the criterion

concerned. The guidelines for scoring is shown below (no half scores could be used).

0 The practice cannot be assessed due to missing or
incomplete information.

1 - Poor The practice is inadequately described, or there are
serious inherent weaknesses.

2 — Fair The practice broadly addresses the criterion, but there
are significant weaknesses.

3 -Good The practice addresses the criterion well, but a number
of shortcomings are present.

4 — Very Good The practice addresses the criterion very well, but a

small number of shortcomings are present.

5 - Excellent

The practice successfully addresses all relevant
aspects of the criterion. Any shortcomings are minor.

The selection of the top five best practices followed the procedure described below:

1. Members of the Thematic Group (TG) were asked to score all submitted best
practices according to the defined guidelines and sent their scoring sheets to the

TG leader
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2. In addition to the scores, TG members provided brief comments indicating weak
points or particular strengths of submitted best practices

3. A conference call was used to discuss the scoring results and select the top 5
best practices. During this call, the top 10 best practices were discussed based
on the ranking submitted by TG members. The discussion of the top ranked best
practices was started from the lowest rank, i.e. best practice with the highest
average score, to rank number 10. A selection of the top 5 best practices was
made during the call.

4. A summary of all discussions was sent out after the call to review the decision of
the selected five best practices by TG members.
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4. Results and Discussion
4.1. Validation of top five practices

The following top 5 best practices within the challenge of finding alternatives to the use
of zinc oxide have been selected by the thematic group:

Title of best practice Country

Fermenting liquid feed, an alternative to Zinc Oxide Netherlands

Comparing and closely measuring effects from different kinds of feeds as

alternative for zinc oxide in own stable Belgium
Zinc Oxide free: SPF, gut health, pre and probiotics, ABF and vaccinations Finland
Vaccination and improving feeding in post-weaning phase France
Reducing protein levels to counter withdrawal of zinc oxide Ireland

Fermenting liquid feed, an alternative to Zinc Oxide

The company Van Asten Group (Sterksel, Netherlands) started fermentation of feed in
2008. Learning from experience and looking at cheesemakers, they started a 3 year trial to
make a failure free system. The main innovation is cleaning with 70 degree hot water and
also add raw material in hot water to kill all present bacteria. Afterwards, cold water and the
liquid active bacteria are added to reduce temperature and secure a fast growth. The
temperature and cleanliness is important to have good lactic acid values and low acetic acid.
The feed stays homogeneous and there is no segregation while feeding which prevents
diarrhea. The lactic acid metabolizes ANF and difficult to digest starch, therefore, it works as
a probiotic and lowers the pH to reduce the risk of bacterial growth. Fermented liquid feed
stabilizes the intestines and improves the growth of the pigs. For maximum effect, it is fed
together with a wheat barley mixture and plant based proteins. Initially, they had a reduction
of 50% of antibiotics use and now they are working up to antibiotic free.

To get the maximum result in weaned piglets, the sows should also be fed fermented feed as
well as the piglets at the sow. This should positively influence intestine quality and bacterial
life in the intestines. The 3 years test to develop a failure-free system was started together
with ForFarmers and Weda Holland. At the moment van Asten is doing research with the
support of the EU for fermenting Local Proteins. The laboratory tests show a strong reduction
of ANF in peas and beans meaning they can be fed to piglets without gastric distortion.

Van Asten tries to market pigs without antibiotics, they expect to realize this quickly. Besides
they are working on Non GMO and Regional feeding of pigs. The fermentation of peas and
beans will be a key element in the success of this process and the access to the market.
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The system is successfully implemented at 3 of the locations in the Netherlands and
Germany of the van Asten group and several other farms in Europe. In addition, it is in the
start-up phase at another location of van Asten in Germany and is it planned for a new
location in the Netherlands (2019). The use of liquid feeding systems is wide spread in the
EU. This system can be easily implemented and handled by a person who is able to run a
liquid feeding system. Enough capacity is needed to prepare the fermented product and the
fermented feed can be stored in tanks for at least 24 hours. Liquid feed is often stated as an
ideal feed for weaned piglets. However, there are also plenty of opportunities for sows and
growing-finishing pigs. The use of fermented liquid feed appears to be a cost effective
alternative to the use of antibiotic growth promoters.

The use of fermented feed or lactic acid seems to have many health promoting effects and
therefore can improve the performance of suckling piglets, weaner pigs and growing-finishing
pigs. Lactic bacteria and yeast which occurred naturally in feed ingredients, start to produce
lactic acid, acetic acid and ethanol when mixing the feed with water (12). The produced acids
reduce firstly the pH in the feed and inhibit the growth of pathogenic bacteria in the feed and
secondly they reduce the pH in the stomach of the pigs and impede an overgrowth of
pathogens like coliforms and Salmonella in the gastrointestinal tract (13). Many publications
highlighted the potential of fermented liquid feed as an alternative to the use of antibiotics
(14, 15), it can enhance the quality of the feed and improve the overall health of the animals
(16).

This best practice has been selected by thematic group members since it was well described
and included a proper cost benefit analysis in the description. Also, thematic group members
agreed that fermented liquid feed could be a good idea as an alternative to the use of zinc
oxide, although there was some doubt about the quality and standardization of the
fermentation process on farm.
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Comparing and closely measuring effects from different kinds of feeds as alternative
for zinc oxide in own stable

Kris Gios's farm (Oosterhoven, Belgium) is free of AB since 2012. Before Sep '17, he used
a feed containing 2000 ppm of zinc oxide to prevent weaning diarrhea and to improve the
intestinal health. He asked his feeding company to come up with an alternative without zinc
oxide. They came up with a feed containing herbs like oregano and other natural products.
This feed is given to the piglets 7 days before weaning (3 mg herbs/kg feed) until 7 days after
weaning. From 7 to 28 days after weaning the dose is 1.5 mg herbs/kg feed. He has now
used this feed for 3 months and he is very positive about it. His farm is still free of AB, which
was his biggest concern. So he has eliminated high doses of zinc oxide, without sacrificing
the health status of his farm. He also tried a different feed using another principle. They add
inert fibers to the classic feed. These fibers are low on energy and they help to calm the
intestine.

He compares both feeds within his barn and keeps close tracks of the key performance
indicators (KPI) like growth and feed conversion. He makes 3 exact groups of the same size
(one with normal feed, one with the herbs added, and the last one with the inert fibers
added). Every day he puts the piglets on a scale, keeps track of amount of feed given so he
can closely monitor what the effects are for each feed formulation. In this way he can
determine what the best feed will be for him in the future. Both feed formulations seem to
work properly.

This best practice has been selected by thematic group members since they agreed that fibre
contents in feed can heavily influence the gut microbiome and therefore support gut health in
pigs. Some group members were however missing some more detailed information on some
of the feed ingredients described in the best practice.

Herbs can be used as feed additives and they may influence animal welfare and
performance of pigs in a positive way. Pigs which were fed with herbs presented less skin
lesions and less negative social behaviour (17). Chinese herbs modulate the nutritional
metabolism, immune response and intestinal health and therefore, are a good alternative to
replace antibiotics or zinc oxide (18).

Furthermore, inert fibre is a good opportunity to improve gastrointestinal health and growth
performance. Inert fibre in post-weaning diets decreased the digesta retention time and
modified the gut microbiota in a way which resulted in a decreased proliferation of pathogens
in the small intestine (19).
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Zinc Oxide free: SPF, gut health, pre and probiotics, ABF and vaccinations

Yhteisporsas Oy’s farm (Laihia, Finland) is mainly produces zinc oxide and AB free (ABF).
Atria Family Farm has 900 sows and is producing piglets with intact tails which are 80-95%
ABF from birth to 38kg. This is possible due to an excellent production environment, optimal
feeding, health and vaccination strategies. The specific pathogen free (SPF) status declares
them free of enzootic pneumonia, swine dysentery, salmonellosis, mange and atrophic
rhinitis. Oral vaccination against Lawsonia intracellularis and intradermal vaccination against
PCV2 is applied to piglets. There is no need for zinc oxide as the gut health is good and
nursery diarrhoea is rare.
Important factors:
- Tailored feeding solutions
- Health status: SPF in combination with vaccinations
- Excellent nursery conditions and stocking density: two-climate boxes, efficient heating
and ventilation, all in-all out production
- Excellent feeding capacity and quality (pneumatic/liquid)
- Piglets get high quality (pre-)starter feed to learn eating behaviour and “acclimatize”
gut villi to feed
- High quality/balanced nursery feed fed five to eight times daily: energy, fibers,
pre&probiotics, addition of acid, feed hygiene and water quality, optimal ground feed
to avoid gut damage
- Focus on digestability and gut health.

Thematic group members liked this best practice since it described a holistic approach with
several measures taken in order to avoid the use of zinc oxide. Also, they agreed that the SPF
status and absence of several pathogens can be crucial for piglets around weaning.

A lot of factors influence overall health in pigs. Management and biosecurity are essential for
the growth of healthy pigs (23). A lot of bacterial diseases require antibiotic treatments and
secondary bacterial infections following virual infections make an antibiotic use necessary.
Many strategies are known to improve animal health (24). A high health status, so called SPF
pigs (Specific Pathogen Free), reduces the need for antibiotics and increases the production
yield (25). The quality of the water is very important for overall health (26) and the correct feed
with high quality ingredients help the pigs to perform better (27). It is especially important for
young piglets to use a combination of good-quality feed combined with special feed additives
to improve the maturation of the intestine (27).

It is also necessary to think about housing conditions and stocking density when talking about
animal health. Hygiene measures like cleaning and disinfection are important as well as climate
conditions (28).
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Vaccination and improving feeding in post-weaning phase

The company “The clever farmers” (Vannes, France): Before the onset of edema disease
in 2013, treatments with Colistin were made punctually during diarrhea attacks. In 2013
edema disease appeared on the breeding farm. Zinc sulphate was then added to reduce the
losses associated with edema disease (from 5% to 20% mortality depending on the batch).
Colistin and Marbofloxacin treatment was often necessary in addition to zinc to reduce the
losses. Breeders have chosen to vaccinate piglets against post-weaning diarrhea and edema
disease. Several assays were performed to ensure a good vaccine response in piglets.
Moreover, the farmers are acidifying the starter feed and pre-fattening feed (mixture of
different acids: formic acid, propionic acid, benzoic acid and phosphoric acid). Finally, the
farmers have equipped the pens with troughs to deliver high-moisture corn once a day (3.5
kg of high-moisture corn for 35 piglets) during the first 15 days. High-moisture corn enhances
the acidity of the ingestion and provides probiotic bacteria. The benefits of this good practice
are directly transferable to farms using zinc oxide or colistin.

Thematic group members liked this best practice as it also described a holistic approach
including different measures like the use of vaccines or the use of acids as well as high
moisture corn.

It is generally known that vaccines can protect animals against bacterial and viral diseases
and thereby, reduce the need for antimicrobials (20). Vaccinations are important in disease
prevention and are the fundamental basis of a healthy pig herd. Vaccines stimulate the
immune system in a way that it is able to recognise specific pathogens and destroy them.
Stimulating the immune system is a “long-lasting” protection against diseases and a primed
immune system improves health (21). Vaccinating the piglets against postweaning diarrhea
and edema disease protects them but this protection may not be complete because hygienic
precautions should be considered as well (22).

Organic acids reduce the pH value in the gastrointestinal tract and prohibit an overgrowth of
pathogenic bacteria in the intestine. Furthermore, they enhance gut health by providing
nutrients for probiotic bacteria (4).
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Reducing protein levels to counter withdrawal of zinc oxide

McAuliffes Farm (Ireland): In order to remove Zinc Oxide from the pig diet McAuliffes
reduced protein levels in feed from 21% to 18%. There has been no evidence of postweaning
scours and production costs have been reduced as a result.

Although this best practice was not very well described, all nutritionists within the TG agreed
that the reduction of the protein levels in the diet could reduce weaning diarrhea and
therefore replace the use of zinc oxide. Some more detailed information was provided during
the conference call of the TG describing other measures taken on farm in addition to the
reduction of the protein levels in the diet, like lowering the stocking density and providing
more and better enrichment material.

Feeding the right quality and quantity of protein are important factors regarding nutrition and
the incidence of diarrhoea (29). Many authors described the connection between high protein
levels in feed and the development of dysbiosis in the gut and diarrhoea (30). In the absence
of in-feed antibiotics, pigs fed with lower protein levels (17%) had a decreased incidence of
diarrhoea compared to higher levels (19-23.7%) and better growth rates (31).

Reducing the levels of protein in pig diets limited the availability of non-digested protein to
potential enteric pathogens which leads to decreased risk of post-weaning diarrhoea.
However, low protein diets may lead to reduction in postweaning growth. It is therefore
important to improve protein quality and to use more digestible protein sources to avoid a
decline in growth (32). By improving the protein quality, pigs which were fed with animal
protein sources (dried skimmed milk powder) performed better than pigs offered soy based
diets (33). Some authors suggest to supplement the low protein diets with limiting amino
acids (lysine, methionine, threonine and tryptophan) to improve the digestibility of low protein
diets (34).
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4.2. Cost and benefit analysis of the EU PiG Ambassador

The good practice related to the substitution of zinc oxide, frequently used in the feed of
piglets, consists of adding herbs like oregano and other natural products to the feed ration or
using inert fibres. The pig farmer in Belgium has registered the KPI's of groups of pigs to
which the alternative feed was administered compared to a control group of pigs, that were
fed with feed containing zinc oxide. Data collected concerned the extra costs of the
alternative feed, change in the Average Daily Gain (ADG), Feed Conversion Rate (FCR) and
losses and mortality rate of the weaners. The C/B analysis has concentrated its attention on
the impact of the change in KPIs and price of the alternative feeds on the production cost of a
piglet of 25 kg and the total production costs of pig meat in a setting of a farrow-to-finish pig
farm. The economic impact of the practice has been simulated on the average Belgian pig
farm represented in the Interpig database of 2017.

In the following table the impact of the use of oregano and other herbs on the production
costs has been demonstrated.

Table — Costs and benefits of the use of oregano and other herbs on the production costs of
weaners

Interpig BE | With herbs | % var.

Average price of purchase weaner/rearer feed, euro/tonne 370.0 378.7 2.3
Rearing Daily Liveweight Gain (g/day) 362 416 15.1
Rearing Feed Conversion Ratio 1.75 1.58 9.7
Rearing mortality rate 4% 2% -50.0
Results

Piglet cost at 25 kg, euro/pig 53.86 52.20 -3.1
Total costs, (euro/slaughter pig) 1.431 1.429 -0.1

The use of oregano and herbs allows the full substitution of zinc oxide in the feed ration of
weaners. The price of this feed is only 2.3% higher, generates a higher and better ADG and
FCR and reduces the weaners mortality rate by 50%. The total impact is a reduction of the
production costs of weaners by 3.1% and a 0.1% reduction of production costs per kg of pig
meat.

The use of inert fibres as a substitute of zinc oxide has been analysed subsequently. In the
table below the outcome of the C/B analysis is shown.

Compared to oregano and herbs the use of addition of inert fibres is more costly. The
average price of weaner feed increases by 8.1%. ADG and FCR improve with 5.5 and 11.4%
respectively. Also the mortality rate of weaners with the use of inert fibres declines from 4
down to 2%. The overall effect of these technical improvements generates a reduction of the
production costs of weaners of 2.4% and the production costs of pig meat of 0.7%.
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Both alternatives to the use of zinc oxide do not create very significant economic impacts, but
these are sufficiently attractive to be taken into consideration by pig farmers in Europe, who
are doing efforts to find valid alternatives for the use of zinc oxide.

Table — Costs and benefits of the use of inert fibres on the production costs of weaners

Interpig BE | With inert fibres | % var.

Average price of purchase weaner/rearer feed, euro/tonne 370.0 400.0 8.1
Rearing Daily Liveweight Gain (g/day) 362 382 5.5
Rearing Feed Conversion Ratio 1.75 1.55 -11.4
Rearing mortality rate 4% 2% -50.0
Results

Piglet cost at 25 kg, euro/pig 53.86 52.57 2.4
Total costs, (euro/slaughter pig) 1.43 142 -0.7

4.3. Experts input into the Cost Benefit analysis

In general, experts were sceptical of the cost benefit analysis of the EU pig ambassador
within the challenge of finding alternatives to the use of zinc oxide. Some experts provided
the feedback that they think that the benefits of using herbs and inert fibres are overrated in
this report. Even if correct for the particular farm, the feedback of experts was that in general
it is not realistic that herbs and inert fibres would be able to outperform zinc oxide.

4.4. Conclusions and advice to the industry

The use of herbs like oregano and other natural products in feed or the use of inert fibres
might be suitable alternatives to the use of zinc oxide. However, the effect of those feed
ingredients have to be tested for each farm individually in order to make sure they can
replace the use of antimicrobials or zinc oxide without reduction in performance.

5. The Future

Several approaches might be able to overcome the use of zinc oxide in feed of weaner
piglets. Experts involved in the thematic group agreed that it is not possible to find one
product or solution to substituting zinc oxide which will work on each farm. Also, the
approach of phasing out zinc oxide should be a more holistic one including several strategies
such as different feeding trategies, feeding compounds, improvement of management,
internal buiosecurity, general health status of pigs, quality of piglets around weaning, etc..
One very important aspect when searching for alternatives to zinc oxide is to make sure that
the alternative solution does not lead to an increase in antimicrobial usage.
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