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Abstract.

The European Food Safety Authority (EFSA) and theopean Center for Disease Prevention
and Control (ECDC) analyses information on the a@nce of zoonosis and food-born outbreaks
submitted by the 27 EU member states in its anregrt (EFSA, 2012). Among the 13 zoonosis
monitored,Campylobacter is the most commonly reported gastrointestinatdyaad pathogen in the
EU since 2005. Reportedly, 212,064 humans have merirmed ill in 2010 due to a
Campylobacter infection in the EU, which is probably only thp dbf the iceberg.

The major source of infection, among sporadic huceses is to be found in the food chain,
from farm-to-fork, where poultry meat is considerédl be one of the major vehicles of
Campylobacter infections in humans, accounting for 50 to 80 qeart of reported cases.

One way to reduce this socio economic loss to so@seperhaps the introduction of a new
Campylobacter vaccine, which could be administered to day oletlch This would effectively
reduce the outbreak of illness among the generplulpton, enhancing general wellbeing and
increase the efficiency of the employed labor force

In the present paper, we attempt to assess thent@bteconomic benefits of a mandatory
vaccination program at the EU27 level. In the siumbnefits are mainly assumed to comprise lower
risk of illness due t&Campylobacter infections, and hence increased productivity, af as some
consumer preference for safer chicken meat. Innmtbdeled analysis presented in this paper, the
possible price of the vaccine is estimated whers iassumed that) the number of reported
confirmed humarCampylobacteriosis cases in the EU is reduced by 75 percentat import ban

on non-vaccinated chicken meat into the EU is immgleted, iji) an increased preference for EU
chicken meat outside the EU increases exports malgiand(iv) that the aggregate EU welfare
has to remain unchanged as measured by the equivaléation in income.



| ntroduction

The European Food Safety Authority (EFSA) and theopean Center for Disease Prevention
and Control (ECDC) analyse information on the ommoce of zoonoses and food-borne outbreaks
submitted by the 27 European Union (EU) membeestit its annual report (EFSA, 2012). Among
the 13 zoonoses monitore@ampylobacter is the most commonly reported gastrointestinatdyéad
pathogen in the EU since 2005. The number of redoconfirmed humarCampylobacteriosis
cases in the EU has been increasing in the latesyas reflected in the notification rate, whies h
increased from 45,6 per 100,000 population in 260918,6 per 100,000 population in 2010.
Reportedly, 212,064 humans have been confirmed RBI010 due to £ampylobacter infection in
the EU, and this is probably only the tip of thelierg, as a considerable share of infections are
never reported.

The major source of infection, among sporadic hugeses is found in the food chain, from
farm-to-fork, where poultry meat is considered &odne of the major vehicles Gampylobacter
infections in humans, accounting for 50 to 80 pentcof reported casksThe prevalence of
Campylobacter does not decrease notably from live animals alivegfood chain to retail when
chicken meat is processedrhis increases the possibility of cross-contamioma(from chicken
meat to human) during food preparation in the hoamel occurrence of human infections
(Rosenquist et al., 2003). Hence, @anpylobacter bacteria in slaughtered chicken meat represents
a health hazard among consumers who risk infecésulting in illness, which in turn would reduce
the effective hours of work supplied by the emptbyabor force and the wellbeing of the general
public (Havelaar et al., 2005).

The occurrence o€ampylobacter in fresh chicken meat samples tested by individuil
member states has remained at a stable high Iead 8006, where on average approximately 30
per cent of the samples were reported positive gaanh At the retail sampling level, 13 member
states have reported the occurrenc€aipylobacter in fresh chicken meat over the 2008-2010
time period. In four countries (Czech Republic,fé& Luxembourg, Slovenia), over 50 per cent of
the samples wer€ampylobacter positive while six countries (Austria, Belgium, kary, Latvia
Netherlands, Italy) had lower than 25 per centh®f samples positive, and with the remaining
countries (Denmark, Germany, Spain) having betwgseand 50 per cent positive. However, since
the number of samples, testing methods and timgeaf when samples are taken vary between
member states it is difficult to reach general ¢asions as to where the highest/lowest probability
of getting aCampylobacter infection is in the EU from consuming chicken meat

One potential way to reduce this socio-economis tossociety could be the introduction of a
new Campylobacter vaccine, which could be administered to day-olitksh (e.g. Zoete et al.,
2005). This might effectively reduce the outbredkilmess among the general population,

! The EFSA’s Panel on Biological hazards estimateitsiacientific opinion that 50 to 80 per centQzmpylobacter

infections can be attributed to the chicken resefoCampylobacter as a whole.

2 The opposite is true about fresh pig and bovieatnSample data collected indicate that the ptagroof positive
samples is much higher in pig and cattle populatiban in samples of fresh pig and bovine meatatgssing and
retail (EFSA, 2012).



enhancing general wellbeing and increase the effay of the employed labor force. But if such a
vaccination program should effectively protect tomsumers fronCampylobacter infections from
chicken meat, it is also necessary to ban impdrthicken meat from outside the EU.

Recognizing the potential benefits o€ampylobacter vaccine, it must also be acknowledged
that the cost of developing, manufacturing and yapgl such a vaccine will increase the rearing
cost of a slaughter chicken. Given the expectedlipubealth benefits (including derived
productivity gains) and the value of consumersraased confidence in foods, the research
guestions of the present paper are: how much igtyowilling to pay" for a mandatory EU-wide
vaccination program? How large are the economilt-@pers from such an EU program on other
parts of the world?

In the following we begin by outlining the reseanctethodology for analyzing economic
impacts of aCampylobacter vaccine in different parts of the world. We thewega short overview
of the global production and trade with chicken treaad how large a share of meat supply in the
EU is catered for by chicken meat. This is followeyl results of the model analysis, which
determines the price of a vaccine when it is assuthat:i) the number of reported confirmed
humanCampylobacteriosis cases in the EU is reduced by 75 perceitaf import ban on non-
vaccinated chicken meat into the EU is implemengeid,an increased preference for EU chicken
meat outside the EU increases exports marginally (ef) that the aggregate EU welfare has to
remain unchanged as measured by the equivalertioariin income. Finally, implications of the
results are discussed and put into perspective.

Methodology and data

It is a complex matter to calculate the socio-eooicoeffects of increased poultry rearing
costs, including effects on domestic demand, puidialth, labor productivity, international trade
and national income/welfare among different coestriegions of the world. In this study, we
utilize a global general equilibrium (GE) model atsdassociated database. Equality of demand and
supply in all markets is a specific feature of GBdels, and we use this setting to calculate the
socio-economic effect of introducing a compulsomgcaination program across the European
Union. In particular, the modeling framework is dst® estimate the economic benefits of a
mandatory vaccination program, and hence the maxiroasts of the vaccine, if the program
should be welfare improving from an economic pahtiew, when international trade effects are
taken into account.

The general equilibrium modeling framework is alsed to estimate the consequences of
introducing an import ban of non-vaccinated chickaat into the EU and an increased demand for
poultry meat exports from the EU to the rest ofwueld due to consumers’ awareness of the higher
standards of EU poultry hygiene levels (reducedademnce ofCampylobacter in poultry meat). The
advantage of using a general equilibrium modelhat it comprises the whole economy of a
country, divided into many sectors mutually dependarough purchases of inputs and sales of
output traded both domestically, as well as expristher countries. The model thus enables us to
analyse the effect of introducir@ampylobacter vaccinations at the farm level and how it affects



other sectors of the economy, ultimately manifegtiself in changed trade flows, employment and
other macroeconomic indicators found in the model.

More specifically, we use the Global Trade AnalyBi®jects (GTAP) version 8 database,
which represents the global economy in the yea ZB@rayanan et al., 2012). In the database, the
global economy is represented by 127 countriesinsgwhich each produce, consume and trade 57
aggregated commodities among each other. In treeptreanalysis, the GTAP database has been
aggregated to 16 countries/regions as shown ineThlfocusing on the EU countries and the major
exporters and importers of chicken meat, while @ tommodity side the database has been
aggregated to 12 commodities. Due to the aggregaade of the commodities specified in the
GTAP database, additional calibration of the ihidiatabase is required.

For the current purpose, the GTAP database has ddended with detailed broiler supply
balance data. Hence, the two GTAP commodities fotlm@mal products” and “other meat
products” have to be split into four commoditiesonder to specify primary chick production (live
chickens) and secondary processed chicken megeategely, in the database. This is necessary
because the vaccination agaif@&mpylobacter takes place in the production of live chickens,
before they are sold to the slaughter houses pnoglike final meat product being consumed and
traded around the world.

The calibration of the cost structure in productionlive chickens, total product value,
consumption and trade with chickens has to be Bpédor the 17 country/region aggregation of
the GTAP version 8 databdsén order to do this, values of production andiéravere taken from
FAOSTAT's agricultural database for the year 2087d data on initial cost structure of chicken
production were taken from the FADN data set faecsglized chicken producers in the EU. The
production of live chickens was then assumed talélévered mainly as an input to slaughter
houses, however with a share of live chicken bexygprted as breeding animals or going directly
to consumers in other countries. Data on the iathle of the production of chicken meat leaving
the slaughter house in the EU for the year 2002 waen from EUROSTAT's Prodcom database,
which contains statistics on production of manufee goods (EUROSTAT 2012). The initial
values of global trade with chicken meat were catdd into the database using 2007 trade data
from FAOSTAT.

As is apparent from the short discussion of thalieation of the GTAP database above, a
lot of attention has been given to the calibratainthe production cost structure of live chick
production as well as the values of chicken meatgection in the EU. Some more general
assumptions have been used in the remaining ceafiggions specified in the database, where the
average cost shares of the EU have been usedilwatalother regions (due to lack of available
data for these regions). This is not consideretbecan important problem, sincg:the model
scenarios in this paper are focused on changingst@ses in the EU due to the introduction of a
compulsoryCampylobacter vaccination program, and the effect of this EU vaccination program

* The recalibration of the database was done using the SplitCom program (Horridge 2005) to disaggregate the two
GTAP sectors, “other animal products” and “other meat products”.



is then transmitted to the rest of the world thtouye initial trade flows, which have been
calibrated using FAOSTAT data, as EU productioegsiincrease. Therefore, the initial calibration
of live chicken and chicken meat production in tla¢abase is well suited to estimate the effect of
introducing Campylobacter vaccinations at the farm level in the EU and iteeats on other
countries around the world through changed tramled]

As mentioned, we introduceGampylobacter vaccination program in the EU27, together with
an import ban on non-vaccinated chicken meat anoh@eased preference for EU exports in the
modeled scenario in this paper. The effect of su@nogram on global trade is probably minor in
the short run, given the present-day trade stractds can be seen in Table 1, where initial
FAOSTA data used to recalibrate the GTAP base ghlighted, the EU27 produces 8.7 million
tons of chicken meat, of which 2.0 million tonseigorted, and 1.7 million tons is imported. But a
large part of this trade is intra EU trade betwe®mber states, accounting for 1.6 million tdhs.
The EU27 only imports 0.155 million tons of chickereat from non-member countries, mainly
Brazil, which account for roughly 1.8 per cent df ehicken meat consumed in the EU27.
Therefore, imposing an import ban would have a matieffect on trade flows in the short run. But
isolating the EU market from the rest of the wartslld become costly for EU consumers in the
long run, if future low cost non-EU producers axeleded from the EU market.

Notably, there are no imports into the EU27 frora WSA. This because the EU imposed an
import ban from the USA dating back to 1997 duetlie use of certain pathogen reduction
treatments (PRT) in the USA to rinse poultry caseas(meat) for microbe€@mpylobacter and
Salmonella among others). Even though the USA has raised ifilsige in the World Trade
Organization (WTO) the EU maintains its import lsating that the EU generally opposes such
chemical interventions and believes that strongemitary practices during production and
processing are more appropriate for pathogen dotitam overreliance on PRTs (Johnson 2012).
The EU has imposed import bans on chicken meaheénpast and could expand this to non-
vaccinated chicken meat if this is deemed to bengortant part of EU food safety regulations.

EU27 exports to non-member countries are predoelynakports from France and to a lesser
extent exports from Germany and the United Kingddoygether, these three countries account for
70 per cent of the EU exports to non-member coemti®On the global market, excluding EU intra
trade, the main exporting countries are USA anaiBeecounting for 80 per cent of world exports,
while the EU is a minor player outside the EU capty 8 per cent of exports to non-member
countries, an export that constitutes about 6 pat of EU27 production. Given this relative small
market share of global exports outside of the EW&vincreased marketing Gampylobacter free
chicken meat in non-member countries may only hawamnall impact on EU production, even
though demand increases by 10 or 20 per cent.

*In table 1 the quantities of production and trade are measured in tonnes, but the GTAP data base is comprised of
value flows. Therefore these quantities are indirectly calibrated into the database using the associated values of
production and trade found in the FAOSTAT database.



The average meat supply/consumption in the worlduants to roughly 41 kg/capita per year,
of which roughly 25 per cent is accounted for bickbn meat (11 kg). There is a large variation in
the amount of chicken meat supplied/consumed arttengifferent regions/countries in the world.
Taking the USA and the EU27 as examples, the agesagply of chicken meat is roughly 47 and
17 kg per capita per year, respectively, accountimgoughly 40 and 20 per cent of total meat
supply in these two regions. Among the EU27 coantthere is also a large variation in supply of
chicken meat per capita per year, with Spain comsgi26 kg per capita compared to Germany’s 8
kg, cf. Table 1.

Given this variation in the amounts supplied/consdjmthe impact of vaccinating against
Campylobacter in day-old chicken should vary between countrieses the odds of getting ill
should be proportionate to the amount of chickeratneaten, taking into account the level of
hygiene in the slaughter house supplying the nidw.worst case scenario is of course low hygiene
standards combined with large per capita consumptiothe scenario presented in this paper, the
modeled reduction of 75 percent in the number cesasrted ill due taCampylobacter infections
in the EU as a whole, is translated into percentagections in the number of ill relative to the
amount of chicken meat consumed per capita in eeghber state.



Table 1. World production, trade and per capita supplylotken meat, 2007

Importing countries/regions, 1000 of tonnes

Kg/capita Production Total Rest of Total Rest of | Total non
lyear 1000 ton export*  Dnk Ger Fra UK Ita NId Pol Esp Rom EU27 EU27 China Russia M East world EU27

Denmark 18 172 97 7 2 11 0 1 1 0 5 48 75 1 2 1 18 22
Germany 8 688 244 6 13 24 2 43 2 12 4 49 156 3 70 2 15 90
France 13 921 302 4 17 33 5 5 2 10 1 38 115 12 31 131 14 188
United Kingdom 23 1270 226 0 11 30 0 59 12 9 3 31 155 4 2 0 64 71
ltaly 12 733 41 0 6 2 4 2 0 1 2 19 34 0 0 0 6 6
Netherlands 21 684 56 3 115 48 169 5 11 6 42 127 526 9 8 3 22 41
Poland 21 896 114 0 19 10 24 1 6 0 4 35 100 7 0 0 9 16
Spain 26 1131 31 0 1 8 2 2 1 0 1 L3 28 0 1 0 1
Romania 19 312 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0
Rest of EU27 19 1916 430D 9 45 95 52 4 74 5 5 19 68 377 1 19 1 31 52
Total EU27 17 8724 205% 24 220 208 318 19 191 33 4 4 81 428 1567 36 132 138 182 489
USA 47 16628 2410 0 0 0 0 0 0 0 0 0 0 0 556 878 23 953 2410
Brazil 35 8988 2394 0 16 5 10 3 39 0 34 19 5 130 84 4 184 708 887 2263
Rest of world** 7 40803 728 0 6 0 11 0 3 0 1 0 3 42 245 9 45 404 703
Total non EU27 11 66419 5531 0 21 5 21 3 41 0 35 9 1 7 155 1285 1071 776 2244 5376
Total world 11 75143 ir:[?(t)?lt 7586 24 242 213 339 22 232 33 80 100 435 1721 13211204 914 2424 5865

Source: FAOSTAT statistics and own calculations.
Note: * The trade data presented in this tabtaken from the FAOSTAT web site using the quarditymports reported by countries.

**The composition of the aggregate region “Residdrld” includes China, Russia, Meddle East and oéshe world in third bottom row
of table 1, while in the second last column thesR& World” includes USA Brazil and rest of the neb This distinction/aggregation
has been made because the USA and Brazil are exgorters while China, Russia and the Middle Eest@ajor importers.



Results

The modeled scenario is the introduction @faanpylobacter vaccine administered to day-old
chicks in the entire EU27. It is assumed that thecine price in absolute terms will be the same in
all EU27 member countries. Looking at the Europ€ammission’s market price statistics for
chicken, it can be seen that prices vary for a wlotdss A chicken, presentation 65% between the
individual member countries (e.g. between 219 €#langhter weight in Germany to 134 €/ton in
Poland), which means that when the absolute vacoetis uniform across all member countries,
then the percentage increase in production costvaly between countries relative to the attained
market price for a sold chicken. This is also i in the model results shown in Table 2 below.

Table 2 shows the effects of the vaccination pnogom production, per capita supply and
trade in different regions. It can be seen from tidgle that the increased production price of
chicken meat, due to the vaccination program, bdsaed the per capita supply in the EU by 0.2%
on average. But the production of chicken meatdetisally increased by 2.6% in the EU, due to the
import ban on non-EU chicken meat originating mainbm Brazil and increased marketing of EU
chicken meat to third countries. This exclusiomrrthe intra market bolsters intra-EU trade by 7.9
percent, which is enough to raise EU productiomnethough domestic supply declines. Notably,
the production of chicken meat within the EU inaesmin Germany by 6.7% while at the other end
Poland’s production declines by 0.4%, which is swtprising, given the assumed relative cost of
implementing the vaccine program in these countfiee Netherlands' production of chicken meat
also increases notably by 7.3% spurred on by itglidarge share of intra-EU exports and the
exclusion of Brazil and other non-member countiies the EU market.

Looking at the EU as a whole, the results show filathe vaccination program is
implemented without restricting imports from thibuntries, and if there is no extra-EU
willingness to pay a price premium for EU-produceteat from vaccinated chicken, then
production within the European Union would declme0.4%. The introduction of the import ban
increases EU production by 2.4%, as there is tloealternative supply of chicken meat in the intra
EU market. Finally, the modeled willingness to faryCampylobacter free chicken meat outside of
the EU boosts EU aggregate production by 0.6%.



Table 2. Percentage changes in the quantity of world pridluctraded and per capita supply of chicken meat.

Importing countries/regions

Total

Capita Production Total Rest of Total Rest of non

lyear export Dnk Ger Fra UK Ita NIid Pol Esp Rom EU27 EU27 China Russia M East  world EU27
Denmark -0.1 3.7 4.7 8.2 1.6 3.7 13.6 32.9 21 46.7 14.3 1.5 3.2 514 15.0 15.0 14.9 14.8
Germany -0.1 6.7 17.8 4.2 5.1 7.2 17.4 374 5.6 51.6 18.2 4.9 17.6 18.2 18.8 18.7 18.4 18.7
France -0.1 33 131 3.1 10.8 6.1 16.3 36.1 45 50.1 17.0 8.9 106171 17.8 17.6 17.1 175
United Kingdom -0.2 15 12.6 2.2 9.8 3.0 15.2 34.8 35 48.7 15.9 .9 12.0 16.0 16.9 16.5 16.4 16.4
Italy -0.3 0.3 4.2 -1.1 6.3 -0.3 1.7 30.5 0.1 43.8 12.3 -0.4 B.7-10.3 0.4 0.3 12.6 12.3
Netherland -0.4 7.3 6.9 25 10.1 3.3 55 15.6 3.9 49.1 16.3 3.2 6.6 416 17.0 17.2 16.9 16.8
Poland -0.3 -0.4 -0.6 -5.8 12 5.1 -3.2 6.2 24.3 37.0 7.2 -5.0 1. 71 0.4 7.0 74 7.4
Spain -0.3 15 21 -1.2 6.3 -0.3 1.6 115 30.6 0.2 124 -0.4 1.7 12.3 12.9 12.6 12.7 12.7
Romania -0.5 14 8.6 10.2 6.3 11.2 134 243 30.6 11.7 60.4 0.6 4 (8. 0.0 0.4 0.3 11.8 11.8
Rest of EU27 -0.3 17 7.5 -1.2 6.1 -0.4 1.6 11.4 30.3 0.1 43.7 12.2 04 72 12.1 12.8 12.3 12.6 12.6
Total EU27 -0.2 2.6 115 21 8.2 11 4.4 14.2 33.2 3.2 49.6 14.8 1.9 9 (7. 15.1 17.6 175 15.1 16.4
USA 0.0 -0.1 -1.7 -100 -0.6 -2.4 -3.6 -1.4 -1.7
Brazil 0.1 28 108 No imports into the EU from other countries. RedLizezero tons (-100%) 100 0.1 17 29 1.7 16
Rest of world 0.0 -0.1 -9.7 -100 -0.7 0.4 -3.2 -1.5 -1.3

Total non EU27 0.0 -0.5 -7.5 -100 -100 -100 -100 100-  -100 -100 -100 -100 -10p -100 -0.4 -2.2 -2.9 A4 -1.6

Total

Total world* -0.1 0.1 import -0.7 0.1 -3.1 -1.5 -1.2 -3.5 -1.4 31 -119 -15 0.4 -1.5 0.0 -0.1 0.0 -0.8 -0.2

Note * The total percentage change in world suppig production should of course be the same, whigjare not in the results shown in this tablerl/supply declines by
0.1% while production increase slightly by 0.1%isTéliscrepancy occurs because the GTAP databaséstsoaf values flows which are used to aggregetegmtage
changes in quantities at country level to regi@mal world level results.



If we assume that 75 per cent of thampylobacter cases in EU27 can be avoided as a result
of a mandatory vaccination program, this correspotal a reduction in illness cases of about
159,000 per year (table 3).

Table 3. Reduction in number of people ill fro@ampylobacter infections

2007 Increased Increased Reduction in

General Employment Labour work number of

level Productivity (%) force ill people *

Denmark 2,852,800 0.0019 55 2,194
Germany 38,541,500 0.0009 340 13,582
France 25,885,100 0.0014 359 14,371
United Kingdom 29,363,900 0.0024 705 28,213
Italy 23,404,700 0.0013 298 11,936
Netherland 8,592,700 0.0023 194 7,768
Poland 15,799,800 0.0023 357 14,296
Spain 20,257,600 0.0028 564 22,567
Romania 9,369,100 0.0020 190 7,585
Rest of EU27 47,236,900 0.0020 927 37,090
Total EU27 221,304,100 0.0018 3,990 159,603

Source. Eurostat and own calculations.

Note * At the EU level the increased labor produitti of 0.0018% translates into increasing the wfmice by 3,976
fulltime employees. If these employees work each @8ys a year and a Campylobacter infection takesagely 5
days to recover from, the vaccination program dained to reduce the number of ill people by roygt89,000.

The GTAP database/model estimates that labor ptettyicwould increase on average by
0.0018% in the EU due to reduced sick leave, assyithat the vaccination program does not affect
the unemployment rate in the EU. When the amouttooirs worked increases, this would in the
first instance put a pressure on the economy tacedemployment, since the same amount of
output can be produced with a reduced labor fofbes would reduce the cost of producing outputs
(commodities), increasing the EU’s relative comyatess on the global market, which would on
the other hand increase demand for EU producedsgodus second round effects of increased
demand for EU produced commodities would then aigairease employment in the EU.

As can be seen from Table 3 the calculated labodymtivity gains vary between member
states. This is because the labor productivity gaithe EU level is weighed relative to the amount
of chicken meat supplied per capita in each merstage. In Table 1, it can be seen that Germany
has the lowest consumption of chicken meat pert@apithe EU and is hence assumed to have a
lower occurrence o€ampylobacter infections among the population compared to otwemtries
with a higher consumption of chicken meat. In Tablbor productivity is estimated to increase
by 0.0009% in Germany compared to Spain’s 0.002¥#ich has the highest per capita
consumption of chicken meat.
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Looking at the implications of the vaccination pram for the European Union’s economy,
table 4 shows the change in economic welfare egpdeas the equivalent variation in income (EV).

Table 4. Equivalent variation in income, million €

Of which contributions from

Change in Preference Import Vaccination Labour

Income EU Ban Cost Productivity

Denmark 2 1 0 -2 4
Germany 13 3 -8 -1 19
France 19 7 0 -11 23
United Kingdom 6 2 -16 -20 41
Italy -4 0 -8 -13 16
Netherland -2 2 -14 -0 10
Poland -10 0 2 -17 5
Spain -17 0 -22 -19 24
Romania -10 0 -4 -7 2
Rest of EU27 3 0 -1 -29 33
Total EU27 0 16 -71 -120 176
USA -18 -11 -10 4 -1
Brazil -95 -19 -80 4 0
Rest of world -45 9 -60 0 6
Total non EU27 -158 -22 -149 7 5
Total world -158 -6 -221 -113 182

The potential productivity gain in EU27 represeats annual value of 176 mill. €. The
exclusion of non-EU chicken meat from the intra-Bldrket also pushes up chicken meat prices in
the EU, reducing real income by 71 million € Theodeled willingness to pay extra for
Campylobacter free EU chicken meat outside of the EU generateghnereased demand for EU
chicken meat increasing real income by 16 millionT@e net effect of these three policies

(productivity gain, import ban and increased widlness to pay) is an increase in real income of 120
million € in the EU.

If the vaccination program should be cost neuttaha EU27 level, the EU27 cost of the
vaccination program should not exceed 120 mill\Wth an annual EU27 production in the
magnitude of 8 billion (Eurostat), this corresporidsl.65 eurocents per dose of vaccine. It is
interesting to notice the differences in the dsttion of costs and gains between EU member
states, with France, Germany, UK and Denmark oioigia net gain, while Spain, Poland and
Romania will face a net loss, if the vaccine cds&b eurocents per dose. These small loses and
gains are explained by the relative differencesvbeh member states in, i) the amounts of chicken
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meat consumed per capita, ii) the obtained farra garket price of chickens, iii) the cost share of
chickens in processing industries and iv) theahitiade structure.

The model results presented in this article reprieadong run closure of the model where
these first and second round effects have run tiweirse over time. The GTAP model calculates
the maximum vaccine cost to maintain the aggregateeal income (EV) and adjust labor wages
so that employment remains unchanged in each merstad¢e, given the above scenario
assumptions.

Discussion and conclusion

Campylobacter infections are one of the most widespread zoonws&sropean food production.
Among a range of intervention types (including dlg.screens, changed feeding, rodent control,
post-and slaughter decontamination), vaccinationha¢ken is considered as a strategy to combat
human Campylobacter infections, and research efforts are devoted teeldp and test such
vaccines. In the present paper, we attempt to sissegpotential economic benefits of a mandatory
vaccination program at the EU27 level, assumingt thahighly effective vaccine against
Campylobacter exists. In the study, benefits are mainly assutoecbmprise lower risk of illness
due to Campylobacter infections, and hence increased productivity, &l &s some consumer
preference for safer chicken meat in extra-EU ntarke

The values of these gains were estimated to camespo about 1.65 eurocent per dose of
Campylobacter vaccine. A few other studies have attempted tones¢ the benefits of reduced
Campylobacter risk based on a Cost-of-lliness (COIl) approachndém et al. (2005a) estimated a
total COI of about 21 million € per year in the Netlands, corresponding to about 255€ per
incident (which again corresponds to about 15-2@@nts per kg broiler meat consumed), where
more than two thirds stem from productivity lossasd the rest is related to costs of medical care.
Buzby et al. (1996) estimated a value of 468-55( W8r incident (in 1993 price-level) in the
United States, which also included both produgtilasses and medical care, although the specific
distribution of productivity and health care effeere somewhat difficult to disentangle from this
study. Taking potential health care savings intooaat in our assessment would increase the
estimated gains beyond the 1.65 eurocents peebroil

It should also be noted that further benefits cdugdimagined. Increased trust in chicken meat
among EU consumers might represent an economiceyvand might be reflected in a price
premium that EU consumers would be willing to pagcause the scenario of this paper considers a
full-scale reduction inCampylobacter prevalence in chicken, existing willingness-to-sydies
related toCampylobacter risk are not adequate for estimation of this wgjhess to pay, because
they are based on more partial perspectives, whensumers have the choice between e.g.
Campylobacter-labelled vs. non-labelled chicken meat (Mgrkbakakt 2009). But if a ban on
broiler meat imports is assumed to reflect the gyerfces of the European consumers, the price
increase implied from such a ban might be integutdbd represent a lower-end estimate of their
additional willingness to pay for the low&ampylobacter risk level in EU-produced broiler meat
after implementation of the vaccination program.
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The benefit estimates in the present study may diesidered as comparable with costs of
alternative preventive measures. For example, Marggeal. (2005b) foundhat the total cost for
provision of extra hygiene measures, phage themapyPCR-tests would cost Dutch broiler farms € @&5
bird, however with considerable variation acrogsnfa Jensen et al. (2013) also investigated thts aifs
Campylobacter Risk reduction in a Danish setting, finding simitapsts per broiler for ambitious reduction
goals, whereas the costs per broiler may be lowresibstantially lower risk reduction goals.

It should however be noted, that such an effecti@ecine does not exist on the market at the
moment, although there are attempts going on teldpvsuch a vaccine. There are no published
studies of the costs of developing, manufacturimdy deliveringCampylobacter vaccine to chicken.

A number of other (live) vaccines for poultry area#able on the market in a price range about 1-2
eurocents per dose. Both whether this will alsopbssible regardingcampylobacter vaccines
remains still uncertain.

The unit cost of 1.65 eurocent per dose reflestsemario, where all chicks all over EU27 should be
vaccinated, irrespective of e.g. climatic condiidwhich are known to influenc@ampylobacter
prevalence in chicken flocks). Average vaccinatosts might be reduced by some targeting of the
program, e.g. according to climate zone or seasonwhether the chickens are destined for chilled
or frozen distribution.

We should also be aware that published figures wnam Campylobacter infections represent a
lower-end estimate of the actual number of infegiedple, due to under-registration. At the EU
level the increased labor productivity of 0.0018%nslates into increasing the work force by 3,976
fulltime employees. If these employees work each @8ys a year and @ampylobacter infection
takes averagely 5 days to recover from, the vatiomg@rogram is required to reduce the number of
ill people by roughly 159,000 if the average reatame in the EU is not to decline when the
vaccine costs 1.65 eurocent per doses. But pedhagmsmore importantly the general wellbeing of
the European Union’s population has increased iand may have been saved.
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