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Abstract
Wild boars might be a suitable indicator species for the spread of resistant bacteria from
animal houses and waste water treatment plants to the environment as they live in the
environment and may potentially feed on contaminated material. Therefore, we investigated
the prevalence of resistant bacteria among wild boars in Germany in 2016.
In the framework of the national monitoring for zoonotic agents samples from hunted wild
boars were collected in 2016 and tested for the presence of Salmonella spp., MRSA, E. coli
and extended-spectrum beta-lactamases producing (i.e. cefotaxime-resistant) E. coli.
Samples were distributed across the federal states of Germany based on the number of wild
boars hunted in the respective federal state in 2014. Primary isolation was carried out by the
accredited regional state laboratories using harmonized procedures. Results of the
investigations were reported to the Federal Office of Consumer Protection and Food Safety
(BVL). Isolates from positive samples were submitted to the National Reference Laboratories
(NRLs) at the German Federal Institute for Risk Assessment (BfR) for further microbiological
analyses. Testing for antimicrobial resistance (AMR) was performed as prescribed by
Commission Implementing Decision 2013/652/EU.
Salmonella spp. were isolated from 13 of 551 tested samples. Among 11 Salmonella-isolates
submitted to the NRL nine were susceptible to all tested substances. None of the samples
yielded MRSA. Among the 219 isolates of E. coli tested for AMR, 210 were susceptible to all
14 tested substances. Selective isolation on MacConkey-Agar supplemented with
cefotaxime, however, yielded 6.4 % of samples with cefotaxime-resistant E. coli. Among the
25 confirmed isolates that were resistant to cefotaxime, ceftazidime and ampicillin, 11 (44 %)
showed no further resistance, while 14 showed up to five additional resistance traits.
Results indicate that while overall the prevalence of AMR is low in bacteria from hunted wild
boars in Germany, some may harbor bacteria with specific resistance traits including those to
substances of highest priority such as 3rd generation cephalosporins, fluoroquinolones and
colistin. The origin of these isolates is not known, however uptake of the resistant bacteria
via feed or drinking water is a likely reason for carriage. Further analyses with respect to
regional distribution and genetic traits need to be carried out to examine potential regional
hot spots of AMR in wild boars in order to examine potential associations with livestock or
human wastewater.
Keywords: Wild boar, antimicrobial resistance, monitoring

Introduction
The spread of resistant bacteria from animal houses and waste water treatment plants to the
environment is well documented. Wild boars might be a suitable indicator for this spread as
they live in the environment and may potentially feed on contaminated material. We therefore
investigated the prevalence of resistant bacteria among wild boars in Germany in 2016.
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Material and Methods
In the framework of a national monitoring program for zoonotic agents and antimicrobial
resistance samples from hunted wild boars were collected and tested for the presence of
Salmonella, MRSA, E. coli and extended-spectrum beta-lactamases producing (i.e.
cefotaxime-resistant) E. coli. Allocation of samples to the federal states of Germany was
proportional to the reported number of wild boars hunted in the respective federal state in
2014. Primary isolation was carried out by the accredited regional state laboratories using
harmonized procedures [1]. Results of the microbiological analysis of samples were reported
to the Federal Office of Consumer Protection and Food Safety (BVL) for analysis and
reporting on the national level. Isolates from positive samples were submitted to the
corresponding National Reference Laboratories (NRLs) at the German Federal Institute for
Risk Assessment (BfR) for further characterization and resistance testing. Testing for
antimicrobial resistance (AMR) was performed using broth microdilution and epidemiological
cut-off values as prescribed by Commission Implementing Decision 2013/652/EU [2].

Results and Discussion
Salmonella were isolated from 13 of 551 (2.4 %) tested faecal samples from wild boars. This
figure is lower compared to the prevalence of Salmonella observed in caecal samples of
fattening pigs at slaughter within the same monitoring framework of the years 2015 and 2017
(6.1 %). Among the 551 samples 391 originated from adult animals while 139 originated from
animals reported as younger than one year of age. For 21 isolates no information on the age
of the animal was available. All isolates of Salmonella spp. originated from adult animals
older than one year. Of the 11 isolates submitted to the NRL 81 % were susceptible to all test
substances (Table 1).
The isolation of commensal E. coli from faecal samples was performed to investigate
resistance patterns of the bacterial population submitted to the NRL, not to estimate the
prevalence.
The vast majority of 219 E. coli-isolates tested for AMR (95.9 %) were susceptible to all 14
test substances (Table 1). However, among the nine resistant isolates, resistance to colistin
was most frequent (n=4, 1.8 %). Likewise, resistance to the fluoroquinolone ciprofloxacin was
observed in two isolates. Resistance to cefotaxime was not observed among commensal E.
coli isolates. These results indicate that within the E. coli population harbored by wild boars
in Germany, overall resistance is fairly rare. However, wild boars may also harbor E. coli with
antimicrobial resistance traits that are considered a public health concern such as resistance
to fluoroquinolones or to colistin, two substances that are considered highest priority critically
important antimicrobials by the WHO [3].
In line with that, selective isolation yielded presumptive ESBL/AmpC-producing E. coli in 6.4
% of the samples. This confirms previous results from other groups in Europe [4]. Among the
25 confirmed isolates that were resistant to cefotaxime, ceftazidime and ampicillin, 11 (44 %)
showed no other resistance, while 14 showed up to five further resistances (table 1). In
contrast to the non-selectively isolated E. coli, resistance to colistin was not observed in
these isolates. However nine isolates (36 %) were resistant to tetracycline and eight isolates
(32 %) to ciprofloxacin. Apart from colistin, tigecycline and meropenem resistance was
observed to all substances in at least one isolate. The differences in AMR between the
selectively isolated ESBL/AmpC-producing E. coli and the randomly chosen commensal E.
coli confirm earlier results comparing these populations in poultry in Germany[5].
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Table 1: Microbiological resistance of isolates of Salmonella, randomly picked indicator E. coli and
selectively isolated ESBL/AmpC-producing E. coli from wild boars in 2016 to 14 antimicrobials
according to the susceptibility testing as described in Commission Implementing Decision
2013/652/EU [2].

Program

Number of isolates
tested
Gentamicin
Chloramphenicol
Cefotaxime
Ceftazidime
Nalidixic acid
Ciprofloxacin
Ampicillin
Colistin
Sulfamethoxazole
Trimethoprim
Tetracycline
Azithromycin
Meropenem
Tigecycline
Susceptible
1x resistant
2x resistant
3x resistant
4x resistant
>4x resistant

Salmonella spp.

Commensal
E. coli

N

%

N

N

11
0
1
0
0
1
1
1
1
0
0
1
0
0
0
9
0
1
1
0
0

0.0
9.1
0.0
0.0
9.1
9.1
9.1
9.1
0.0
0.0
9.1
0.0
0.0
0.0
81.8
0.0
9.1
9.1
0.0
0.0

219
0
2
0
0
2
2
1
4
2
2
1
0
0
0
210
7
1
0
1
0

0.0
0.9
0.0
0.0
0.9
0.9
0.5
1.8
0.9
0.9
0.5
0.0
0.0
0.0
95.9
3.2
0.5
0.0
0.5
0.0

Presumptive
ESBL/AmpC
forming E. coli
N
%

25
5
4
25
24
4
8
25
0
7
6
9
2
0
0
0
0
11
5
1
8

20.0
16.0
100
96.0
16.0
32.0
100
0.0
28.0
24.0
36.0
8.0
0.0
0.0
0.0
0.0
44.0
20.0
4.0
32.0

None of the 575 nasal swab samples tested for MRSA yielded Staphylococcus aureus
isolates that were confirmed as MRSA by the NRL at the BfR. This is in line with previous
studies on MRSA in wild boars in Germany [6]. In contrast, in other European countries,
MRSA have sporadically been detected in wild boars [7, 8].
Results indicate that while overall the prevalence of AMR is low in bacteria from hunted wild
boars in Germany, some may harbor bacteria with specific resistance traits including those to
substances of highest priority such as 3rd generation cephalosporins, fluoroquinolones or
colistin. The origin of these isolates is not known, however due to the lifestyle of wild boars
selective pressure in their intestinal tract can be considered minimal, thus, the uptake of
resistant bacteria via feed or drinking water can be considered a likely reason for carriage.
Further analyses with respect to regional distribution and genetic traits need to be carried out
to examine regional differences in the spread of AMR among the wild boar population in
order to explore potential associations with livestock or human wastewater.
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DISTRIBUTION AND ANTIMICROBIAL RESISTANCE OF
SALMONELLA SPP ISOLATED FROM MARKETED BUSHMEAT AND
REARED GRASSCUTTERS IN CÔTE D’IVOIRE

Abstract
The study aimed at contributing to the surveillance of food safety and antimicrobial resistance
by providing information on Salmonella strains circulating in animals of the bushmeat chain
in Côte d’Ivoire. Swabs and feces samples were collected among reared grascutters in farms
and dead wild animals sold in a bushmeat market. Sixty-five Salmonella spp were isolated
from 425 samples. Serogroups and antimicrobial susceptibility of Salmonella isolates were
determined. We found overall Salmonella positive proportion of 14.6% with a significant
higher frequency in wild animals (22.4%) compared to the reared grasscutters (7%) (OR =
3.8, CI 95 2 – 7.6). The isolated strains belonged to the serogroups B (39.4%), E or G (29.6%),
D (16.9%) and C (14.1%). The highest rates of resistance were observed for quinolone
(53.9%), aminoglycoside (44.6%) and cephalosporin (16.9%) antibiotic classes. Multiresistance to three or more classes of antibiotics was observed for 9.2 % of strains.
Antimicrobial resistances to quinolone and cephalosporin classes observed underlined a potential
exposure of people handling animals in the bushmeat chain, as well as of consumers. Also,
animals used in this sector could be reservoir of resistant-Salmonella to quilonones and
aminoglycosides, but more research is needed to understand resistance pathways.
Key words
Salmonella, Wild animals, Grasscutter, Antimicrobial Resistance, bushmeat
1. Introduction
Hunting of wild animals for consumption is a widespread practice in Côte d’Ivoire as in many
sub-Saharan Africa countries. In a context of conservation of the biodiversity, breeding of
wild animal species was introduced as an alternative for provision of well appreciated
bushmeat that serves also as an animal source food. Thryonomis swinderianus (Grasscutter) is
one of the most consumed species and one of the most suitable for rearing (Fantodji and Soro,
2004). Thus, both sources of bushmeat, wild and farmed, are exploited for food. Nevertheless,
the bushmeat sector is informal in Côte d’Ivoire; also no sanitary control is carried out along
the marketing chain before the meat reaches the consumer. In this context, microorganisms
responsible for foodborne diseases (FBD) and infectious diseases or transmission of multidrug
resistant bacteria strains spread uncontrolled (Founou, et al., 2016).
Salmonellosis is the major contributor to global FBD and given its heavy burden of disease, is
considered as one of the prioritized diseases by the European Union epidemiological
authorities and the World Organization for Animal Health (Ciszewski, et al., 2015, KnightJones, et al., 2010). Outbreaks of Salmonella spp. occur frequently, causing more than 90
million of illnesses episodes and more than one hundred and half deaths per year worldwide
(Oh and Park, 2017). In addition, the number of Salmonella strains developing multidrug
resistance is increasing.
In this study, we address the food safety issue by exploring the antimicrobial susceptibility of
Salmonella spp in wild animal species used for consumption. We aim to determine the
distribution of Salmonella spp and antimicrobial resistances among wild animals and reared
grasscutters from the bushmeat sector in Côte d’Ivoire.
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2. Material and Methods
During nine weeks, between January and March 2018, swabs and feces sampling were taken in two
grasscutter farms and one bushmeat market in Abidjan, located in the South of Côte d’Ivoire.
Samples from farmed live grasscutters were rectal swabs and feces and samples from market
were from various dead wild animal species including rodents, antelopes, birds, small carnivorous
and apes. Overall, we collected 215 samples in farms and 210 at the market.
Salmonella spp were investigated according the protocol ISO 6579. We used buffered
peptoned water for pre-enrichment of the swabs and feces; for enrichment we used Selenite Faecal
broth and Rappapport-Vassiliadis (RV) broth; and for isolation CHROMagar Salmonella
Plus and Salmonella Shigella agar. We performed tests of oxidase, triple sugar iron, citrate and
lysine decarboxylase as biochemical tests for genus identification. Furthermore, we did the
Salmonella latex agglutination test using the commercially available Wellcolex Colour Salmonella
identification kit, which provided the serogroup of the strain if belonging to the groups: A, B, C, D,
E or G and the Vi antigen. Two isolates from a same sample were considered different if they
belonged to different serogroups.
Antimicrobial susceptibility of Salmonella isolates were realized on Mueller-Hinton agar using
the disc diffusion method according the Kirby-Bauer protocol. Thirteen antimicrobial agents (or
antibiotics) representing nine classes of antibiotics have been tested for their susceptibility.
Susceptibility was interpreted according the criteria of the European Committee on Antimicrobial
Susceptibility Testing (EUCAST).
We used logistic regression to describe relationships between variables and calculated odds ratios
(OR) with 95% confidence intervals (95% CI). We denoted a multidrug resistant strain as an isolate
resistant to three classes of antibiotics or more.

3. Results and Discussion
3.1. Salmonella frequency and serogroup

Out of all samples cultivated for Salmonella spp isolation, 62 were positive giving a sample
proportion of 14.6% (95%CI 11.4 - 18.3). The frequency of Salmonella spp isolated from
wild animal samples (22.4%) was significantly higher than from farmed animals (7%) (OR =
3.8, 95%CI 2.1 – 7.6). In three samples we have found isolates of two different serogroups.
The 65 isolated Salmonella strains belonged to the serogroups: B (43.1%), E or G (32.3%), D
(13.8%) and C (10.8%). Dadié, et al. (2017) found a proportion of 11.4% Salmonella spp.
with also serogroup B as most prevalent when isolating and serotyping Salmonella from frogs
in Côte d’Ivoire. The serovar S. typhimurium is the most common in the serogroup B and also
the most frequently isolated from humans in Côte d’Ivoire (Boni-Cissé, et al., 2012,
Coulibaly, et al., 2010). Regarding wildlife, there are only few studies on wildlife related to
Salmonella in Côte d’Ivoire; this study is one the first to report on this topic. S. typhimurium
responsible for non-typhoidal Salmonella (NTS) infections, might be the most circulating in
the bushmeat chain in Abidjan, suggesting that people handling bushmeat may be infected
with NTS. Indeed, Smith, et al. (2014) found genotypic similarities between Salmonella
strains from captive wild animals and humans in South Africa.
3.2. Antimicrobial resistance concern

Regarding resistances, 63.1% of strains were resistant to at least one antibiotic with a higher
proportion in reread animals (73.3%) than in wild animals (60%). According to antibiotic
classes, resistances were in the following order: quinolone (53.9%), aminoglycoside (44.6%),
cephalosporin (16.9%), monobactame (9.2%), tetracycline (3.1%), penicillin (1.5%) and no
resistance in the other classes (Phenicol, Sulfonamide, Beta lactam) (Table 1).
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Full sensitivity to the traditional first-line antibiotics chloramphenicol, trimethoprim +
sulfamethoxazole and 95% for ampicillin (belong to the classes, phenicol, sulfonamide and
penicillin respectively) was observed. According to Harbarth, et al. (2015), when a new
antibiotic is introduced to the market, resistances emerge generally five years after its
commercial release. For instance in a Nepal hospital, Adhikari, et al. (2017) observed a
decrease of Salmonella resistances to chloramphenicol, trimethoprim + sulfamethoxazole and
ampicillin among patients. They suggested that this gain in sensibility was because the older
antibiotics were replaced by new ones in the human therapy. Full sensitivity to amoxicillin +
clavulanic acid observed may possibly be related to the presence of beta-lactamase inhibitor in
this drug.
A low animoglycoside resistance of Salmonella has been reported in human clinical strains
(Samadi, et al., 2015) while other studies recorded a higher resistance in wild animal species,
particularly to streptomycin (Rubini, et al., 2016, Staji and Zandiar, 2017). Gentamicin,
tobramycin and streptomycin are the most common antibiotics from the aminoglycoside class.
Due to their toxicity, they are rarely used in human and veterinary medicine, since antibiotics
of this class were replaced by fluoroquinolones or 3rd generation cephalosporin for treatments
against gram-negative bacteria (Hanberger, et al., 2013).
The synthetic characteristic of quinolones implies that the resistance is more likely to occur
by vertical gene transfer (Hernández, et al., 2011), in addition to the fact that wild animals
species are not exposed to the antibiotic therapy suggest that the high quinolone-resistance
observed in our study could be related to an intrinsic resistance of Salmonella strains harbored
by these animals. Mechanisms of resistance, intrinsic or acquired, developed by the
microbiota are related to plasmids or chromosomes encoding some genes such as betalactamase genes (Baguy, et al., 2014). A deeper investigation including screening of genes
responsible would shed more light on the origins of Salmonella resistance to quinolone (and
aminoglycoside) agents among wild animal species. The quinolone agents tested here were
Ciproflaxin, Naxiladic acid and Norfoflaxin. The two former are commonly used in human
therapy against severe infections due to enterobacteria and against Gram-positive bacteria
(Hernández, et al., 2011). However, because of the general adverse effects of quinolone
especially in children, cephalosporins became more suitable for treatments.
Among cephalosporin agents, ceftriaxone (3rd generation antibiotic of this class) is very
commonly used in salmonellosis therapy (Stahlmann and Lode, 2013). Hence, its high
prevalence of resistance observed is a concern in the bushmeat sector especially for those who
are butchering and dissembling animals without any biosecurity measures, but also for
farmers and consumers.
Table 1: Antimicrobial susceptibility profile of Salmonella strains isolated from both
samples wild and farmed animals
Antimicrobial classes
Aminoglycoside

Beta lactam and
combination with inhibitors
Cephalosporin

Proportion of isolates (%)

Antimicrobial
agents
Gentamicin
Tobramycin
Amoxicillin +
Clavulanic acid
Cefepim
Ceftriaxone
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Sensitive

Intermediate

Resistant

15.4
4.6

61.5
52.3

44.6
23.1
43.1

0

0

0

27.7
52.3

69.2
33.8

16.9
3.1
13.8

Monobactame

aztreonam

16.9

73.9

9.2

Penicillin

Ampicillin

98.5

0

1.5

Phenicol

chloramphenicol

100

0

0

Sulfonamide

Trimethoprim +
Sulfamethoxazole

100

0

0

Tetracycline

Tigecycline

56.9

40

3.1

Quinolone

53.9
Ciprofloxacin

15.4

30.8

53.8

Nalidixic acid
Norfloxacin

41.5
50.7

55.4
38.5

3.1
10.8

We found 6 (9.2%) multidrug resistant strains (resistance to at least three antibiotic classes),
distributed in 5 (10%) strains from wild animal samples and one strain from grasscutter
samples (6:7%).
Despite differences of resistance proportions noticed in strains from wild animal and those
from reared grasscutters, no statistical differences were found between the two categories of
samples. This is likely due to the fact of low use of antibiotics in the farming of grasscutters.
Indeed, the use of antibiotics in farming is a key factor promoting the emergence of resistant
bacteria strains in animals. In Côte d’Ivoire, wild animal species rearing is still little advanced
(Goue and Yapi, 2015), but has the potential to supply the population with bushmeat and
reduce the hunting pressure in wild animals. However, limited use of antibiotics in this sector
and animal welfare guidelines also need to be encouraged, particularly in view of the
increasing numbers grasscutter farms.
References

Adhikari, A., S. Sapkota, U. Bhattarai and B. R. Raghubanshi. (2017), 'Antimicrobial Resistance
Trend of Salmonella Typhi and Paratyphi from 2011-2013: A Descriptive Study from Tertiary
Care Hospital of Nepal', Journal of Kathmandu Medical College Vol. 6, No. 1, pp. 9-13.
Baguy, O. M., G. K. Nathalie, C. N. G. David, S. N. G. Daniel, C. K. Julien, K.-N. Rose, O. G.
Djénéba, G. Valérie, T. K. Bertin and D. Mireille. (2014), 'First Report of Qnr Genes in
Multidrugs Resistant (Esbl) Enterobacteria Isolated from Different Ecosystems in Abidjan,
Ivory Coast', AMC Vol. 21, pp. 16.
Boni-Cissé, C., S. Meité, H. Faye-Ketté, C. Houedanou, M. Timité-Konan, C. Kalpi, S. Bakayoko, N.
Nguessend, N. Akessé and K. Soumahoro. (2012), 'Serotypes and Antibiotypes of Salmonella
Isolated at the University Teaching Hospital of Yopougon, Abidjan, Cote Divoire from 2005
to 2009', Journal of Microbiology and Antimicrobials Vol. 4, No. 2, pp. 40-44.
Ciszewski, M., T. Czekaj, P. Chojnacki and E. M. Szewczyk. (2015), 'New Bacterial Zoonotic
Pathogens', New Medecine Vol. 19, No. 2, pp. 59-61.
Coulibaly, K., S. Bakayoko, K. Coulibaly, G. Karou, G. Goualie, L. Akesse, C. Gbonon, C. BoniCisse, K. Koffi and E. Ekaza. (2010), 'Biodiversité Des Salmonella À Abidjan: Etude Des
Isolats De 2003 À 2009 Par Le Centre De Référence De L’institut Pasteur', Revue Africaine de
Santé et de Productions Animales EISMV de Dakar, pp. 19-23.
Dadié, A., Y. C. Blé, K.-N. Nadège, A. Fantodji and K. M. Djè. (2017), 'Prevalence, Serotype and
Presence of Invasion Gene in Salmonella Isolated from Frog Meat Obtained from Western
Region of Côte D’ivoire'.
Fantodji, A. and D. Soro. (2004), L'élevage D'aulacodes: Expérience En Côte D'ivoire, Éd. du GRET.
Founou, L. L., R. C. Founou and S. Y. Essack. (2016), 'Antibiotic Resistance in the Food Chain: A
Developing Country-Perspective', Frontiers in microbiology Vol. 7, pp. 1881.

15

Goue, D. and Y. M. Yapi. (2015), 'Typologie Des Élevages D’aulacodes (Thryonomys Swinderianus)
En Côte-D’ivoire', International Journal of Biological and Chemical Sciences Vol. 9, No. 2,
pp. 643-651.
Hanberger, H., C. Edlund, M. Furebring, C. G. Giske, Å. Melhus, L. E. Nilsson, J. Petersson, J. Sjölin,
A. Ternhag and M. Werner. (2013), 'Rational Use of Aminoglycosides—Review and
Recommendations by the Swedish Reference Group for Antibiotics (Srga)', Scandinavian
journal of infectious diseases Vol. 45, No. 3, pp. 161-175.
Harbarth, S., H. H. Balkhy, H. Goossens, V. Jarlier, J. Kluytmans, R. Laxminarayan, M. Saam, A. Van
Belkum and D. Pittet. (2015), 'Antimicrobial Resistance: One World, One Fight!',
Antimicrobial Resistance and Infection Control Vol. 4, No. 49, pp. 15.
Hernández, A., M. B. Sanchez and J. L. Martínez. (2011), 'Quinolone Resistance: Much More Than
Predicted', Frontiers in microbiology Vol. 2, pp. 22.
Knight-Jones, T., G. Mylrea and S. Kahn. (2010), 'Animal Production Food Safety: Priority Pathogens
for Standard Setting by the World Organisation for Animal Health', Revue scientifique et
technique Vol. 29, No. 3, pp. 523.
Oh, J.-h. and M.-k. Park. (2017), 'Recent Trends in Salmonella Outbreaks and Emerging Technology
for Biocontrol of Salmonella Using Phages in Foods: A Review', Journal of microbiology and
biotechnology Vol. 27, No. 12, pp. 2075-2088.
Rubini, S., C. Ravaioli, S. Previato, M. D’Incau, M. Tassinari, E. Guidi, S. Lupi, G. Merialdi and M.
Bergamini. (2016), 'Prevalence of Salmonella Strains in Wild Animals from a Highly
Populated Area of North-Eastern Italy', Annali dell'Istituto superiore di sanita Vol. 52, No. 2,
pp. 277-280.
Samadi, N., I. Pakzad, A. M. Sefidan, H. Hosainzadegan and A. Tanomand. (2015), 'Study of
Aminoglycoside Resistance Genes in Enterococcus and Salmonella Strains Isolated from Ilam
and Milad Hospitals, Iran', Jundishapur journal of microbiology Vol. 8, No. 4.
Smith, A. M., H. Ismail, M. M. Henton, K. H. Keddy and G.-S. S. Network. (2014), 'Similarities
between Salmonella Enteritidis Isolated from Humans and Captive Wild Animals in South
Africa', The Journal of Infection in Developing Countries Vol. 8, No. 12, pp. 1615-1619.
Stahlmann, R. and H. M. Lode. (2013), 'Risks Associated with the Therapeutic Use of
Fluoroquinolones', Expert opinion on drug safety Vol. 12, No. 4, pp. 497-505.
Staji, H. and L. Zandiar. (2017), 'Importance of Wild Species Kept in Captivity as Reservoirs of
Salmonella Serotypes for Human in Petting Exhibitions and Zoo in Iran with Focus on
Antimicrobial Resistance', Macedonian Veterinary Review Vol. 40, No. 2, pp. 167-175.

16

EVALUATION OF BIOMARKERS OF UDDER HEALTH IN COW MILK

De Matteis Giovanna*, Grandoni Francesco, Scatà Maria Carmela, De Iorio Teresina,
Marchitelli Cinzia, Steri Roberto, Moioli Bianca and Buttazzoni Luca
Consiglio per la ricerca in agricoltura e l’analisi dell’economia agraria-CREA
(Council for Agricultural Research and Economics-Research Centre for Animal Production and Aquaculture)
Via Salaria, 31 00015 Monterotondo (Rome) Italy
*
Corresponding author: giovanna.dematteis@crea.gov.it

Abstract
In the mammary gland, number and distribution of leukocytes are important for the successful
defense against invading pathogens and the resolution of infectious disease. Somatic cells
count (SCC) have been used for a long time as indicator of udder health. However, this
parameter is temporally and individually more variable during lactation and it always is not a
clear indicator of a potential infection.
Besides the determination of SCC, the characterization of milk leukocyte populations was
considered a valid and most useful indicator of inflammatory reaction in udders of apparently
healthy cows (Schwarz et al. 2011; Pilla et al., 2013).
The relative proportions of lymphocytes, macrophages and polymorphonuclear leukocytes
(PMN) play an important role in the immunity of mammary glands. The CD11b is expressed
as a non-covalently linked heterodimer with CD18 (Mac-1) and is involved in the transendothelial migration of monocytes and neutrophils through the interactions with stimulated
endothelium to the site of inflammation.
The aim of the study was to evaluate immunological markers of mastitis which are easy to
measure and predictive of the disease at an early stage of infection. To evaluate the different
immunological conditions, the characterization of milk cell populations and the expression of
CD11b on the surface of milk leukocytes was performed on purified milk cells. Composite
milk samples from all quarters of 43 cows, 8 of which presenting naturally infected udders
were collected, and milk cell populations and CD11b expression were evaluated by flow
cytometry. Moreover, for all milk samples, SCC, milk electrical conductivity and the average
flow rate, were obtained.
Milk samples from cows with healthy udders showed a significantly higher percentage of live
lymphocytes (P<0.04) and a significantly lower percentage of leukocytes expressing CD11b
(P<0.03). Moreover, in the group of cows with SCC ranging from 100,000 to 300,000
cells/mL (cows without evident clinical symptoms) Mean Fluorescence Intensity (MFI) of
CD11b on leukocytes was significantly lower (P<0.04) in milk samples coming from cows
negative at the bacteriological tests. In addition, cows with healthy udder showed significantly
lower values of milk electrical conductivity (P<0.01) and higher value of milk flow rate
(P<0.03) respect to cows with infected udders.
These results show that flow cytometry parameters as the percentage of specific leukocyte
populations and the expression of some molecular markers of the immune system, could be
used as potential biomarkers of udder health status in dairy cows.
Keywords
Mastitis; biomarkers; milk leukocytes; flow cytometry;
1

Introduction

Emphasis on genetic selection to maximize milk production has increased metabolic stress
associated with milk synthesis and secretion (Sordillo and Streicher, 2002). However, high
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yielding cows are more likely to have a compromised immune system and are more
susceptible to infection around calving (Cai et al., 1994; Mallard et al., 1998).
Recently, the World Health Organization adopted a global plan to combat resistance to
antibiotics under the conceptual framework ''One World, One Health''. Global health of
humans and animals is interconnected, pointing to the need for a "One Health" perspective.
Animal welfare and antibiotic resistance are now important topics in consumers and citizens’
expectations for the livestock sector. It is necessary to regain consumer confidence by
improving practices, transparency and establishing a constructive dialogue with the society at
large (WHO, 2015). Solutions can be found in a renewed animal care, improving real time
monitoring of animal welfare and in enhancing natural resilience and robustness of animals
especially at the early life stages.
Mastitis, is the inflammation of mammary gland and represents around a third of the direct
costs of all common dairy diseases (Peters et al., 2015). Mastitis has public health
repercussions, particularly associated with the increased use of antimicrobials for disease
treatment. Somatic cells count (SCC) have been used for a long time as an indicator of udder
health status. However, this parameter is temporally and individually more variable during
lactation and it always is not a clear indicator of a potential infection. Beside the
determination of SCC, in recent years the differential cell count (DCC) was considered a valid
and most useful indicator of inflammatory reaction in udder of apparently healthy cows
(Schwarz et al., 2011; Pilla et al., 2013). The differentiation of leukocytes present on milk
allows observing changes in relative cell population and the evaluation of immunological
markers expressed by each population.
Actually, modern milking machines equipped with automated devices, which register daily
milk weights, milk composition, milk flow rate (MFR) and electrical conductivity (EC), have
been tested to detect mastitis through changes in milk production and its characteristics
(Sørensen et al.,2016).
The aim of our study was to evaluate immunological markers of mastitis that are easy to
measure and predictive of the disease at an early stage of infection.
2

Material and Methods

2.1

Animals and milk samples collection

The management and care of the experimental animals was carried out in compliance with the
86/609EEC European Union directive guidelines. Milk samples were collected from lactating
cows kept at the Research Centre for Animal Production and Aquaculture. Composite milk
samples were obtained from lactating cows and besides the SCC, measured with a DeLaval
Cell counter DCC instrument (DeLaval International AB), the measurements of the EC and
the MFR were obtained from farm milking machine (DeLaval).
2.2

Purification of milk somatic cells and experimental design

The composite milk samples (100 mL) from all quarters were collected from 43 cows, 8 of
which presenting naturally infected udders, ascertained by bacteriological analysis.
Immediately after collection, the milk samples were centrifuged at 800g for 20 min at 8°C and
the fat layer and supernatant were discarded. Pellet of purified cells were washed twice with
cold PBS. The experimental design was established to divide the milk samples first into 2
groups: infected and non-infected, based on bacteriological analysis, and then into three
groups based on the SCC values: Group A (n=15) samples with SCC≤100,000 cells/mL,
Group B (n=11) samples with SCC=100,000-300,000 cells/mL and Group C (n=17) samples
with SCC >300,000 cell/mL.
2.3

Flow cytometric analysis of milk somatic cells

Purified milk cells were stained with a four-color panel of the following antibodies: FITCconjugated anti CD11b, PE-conjugated anti CD45, APC-conjugated anti CD14 and
Live/Dead® Fixable Dead Cell (Thermo Fisher). Beside dead cells exclusion, live PMN and
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monocytes/macrophages were identified by gating strategy as LD-/CD45+/CD11b+/CD14-/low
cells and LD-/CD45+/CD11b+/CD14+ cells respectively; live lymphocytes were identified by
size and granularity (FSC-H vs SSC-H) and as LD-/CD45+/CD11b-/low/CD14- cells; milk
leukocytes expressing CD11b were identified as LD-/CD45+/CD11b+ (Figure 1). Milk cell
populations and CD11b expression were evaluated on FC500 cytometer and data were
analyzed with Kaluza Analysis Software (Beckman Coulter).
3

Results

3.1
Percentage of lymphocytes and expression of CD11b as potential biomarkers of
udder health
Flow cytometric analysis showed that milk samples from cows with healthy udders had
significantly higher percentage of live lymphocytes (P<0.04) and a significantly lower
percentage of leukocytes expressing CD11b (P<0.03) (Figure 2).
Moreover, in Group B, cows without evident clinical symptoms, MFI of CD11b on
leukocytes was significantly lower (P<0.04) in milk samples coming from cows negative at
the bacteriological tests (Table 1).
3.2

The electrical conductivity and the milk flow rate are associated to udder health

The milk EC recorded on cows with healthy udder showed significantly lower values
(P<0.01), while the MFR was higher (P<0.03) (Figure 3) respect to cows with infected udder.
However, any differences in these parameters were observed between infected and non
infected cows within Group B.
4

Discussion and conclusions

In our previous work, we have effectively used flow cytometry to assess the health status of
the mammary gland in cattle (De Matteis et al., 2018a; De Matteis et al., 2018b) and buffaloes
(Scatà et al., 2015). Therefore, in this study a flow cytometric approach was used to
characterize the leukocytes subsets and the expression of the -integrin CD11b on the surface
of leukocytes purified from composite cow milk. The CD11b is expressed as a non-covalently
linked heterodimer with CD18 (Mac-1) and is involved in some important processes including
the trans-endothelial migration of monocytes and neutrophils through the interactions with
stimulated endothelium to the site of infection. The SCC is a well-established measurement in
the diagnosis of mastitis, but does not differentiate into lymphocytes, macrophages and PMN
cells. The relative proportions of these cells play an important role in the immunity of the
mammary gland and the resolution against invading pathogens depend on number and
distribution of leukocytes (Paape et al., 2003; Rainard and Riollet, 2006).
Results of our study showed that in infected conditions, the percentage of live lymphocytes
decreased and simultaneously it was observed an increasing on percentage of CD11b+ cells.
Furthermore, we observed an increasing of the expression of this immunological marker on
the surface of milk leukocytes in cows with SCC within the physiological range but positive
to bacteriological test. The evaluation of CD11b expression allow to determining the
activation of leukocytes during infection (Borjesson et al., 2002). In addition, we observed
that milk indicator traits as EC and MFR showed significant association with the health status
of the udder. In conclusion, this study showed that: 1) the percentage of specific leukocyte
populations and the expression of immunological markers could be potential biomarkers of
udder health status in dairy cows; 2) the flow cytometric parameters together with the
measurements obtained during milking could be useful indicators of potentially infected
udder.
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Figure 1
Flow cytometric gating strategy for the Differential Cell Count

Figure 2.
Modification of the milk differential cell count (A) and expression of CD11b (B) during
infection
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Table 1.
Differential cell count and expression of CD11b in milk samples from Group B
% live subsets

14,80 ± 14.80

Leukocytes
CD11b+
59,00 ± 8.79

Mean Fluorenscent Intensity
(MFI) CD11b
PMN
Macrophages
Leukocytes
CD11b+
60,88 ± 3.33
95,15 ± 7.57
55,10b ± 3.93

23,24 ± 4.96

81,50 ± 9.83

67,35 ± 3.72

Group B

Lymphocytes

PMN

Macrophages

Non infected
(n=7)
Infected
(n=4)

45,90a ± 4.59

39,39 ± 11.67

26,30b ± 8.38

53,93 ± 13.05

110,86 ± 8.47

70,47a ± 4.39

Figure 3.
Changes in milk indicators Electrical Conductivity (A) and Milk Flow Rate (B) during
infection mastitis

References
Borjesson D.L., Simon S.I., Hodzic E., Ballantyne C.M., Barthold S.W. 2002. Kinetics of
CD11b/CD18 up-regulation during infection with the agent of human granulocytic ehrlichiosis in
mice. Lab Invest. 82(3):303-11.
Cai T.Q., Weston P.G., Lund L.A., Brodie B., McKenna D.J., Wagner W.C. 1994. Association
between neutrophil functions and periparturient disorders in cows. Am J Vet Res. 55(7):934-943.
De Matteis G., Grandoni F., Scatà M.C., De Iorio T., Marchitelli C., Moioli B., Buttazzoni L. (2018a)
Discovery of new potential biomarkers of udder health: a flow cytometric approach, NMC_2018;
June, 11-13 2018.
De Matteis G. Reale A., Grandoni F., Meyer-Ficca M.L., Scatà M.C., Meyer R.G., Buttazzoni L.,
Moioli B. Assessment of Poly(ADP-ribose) Polymerase 1 (PARP1) expression and activity in cells
purified from blood and milk of dairy cattle. Vet. Imm.and Immunopath. (2018 b-in press).
Mallard B.A., Dekkers J.C, Ireland M.J., Leslie K.E., Sharif S., Vankampen C.L., Wagter L., Wilkie
B.N. 1998. Alteration in immune responsiveness during the peripartum period and its ramification on
dairy cow and calf health. J Dairy Sci. 81(2):585-595.
Paape M.J., Bannerman D.D., Zhao X., Lee J.W. 2003. The bovine neutrophil: Structure and function
in blood and milk. Vet Res. 34(5):597-627.
Peters M.D., Silveira I.D., Fischer V. 2015. Impact of subclinical and clinical mastitis on sensitivity to
pain of dairy cows. Animal. 9(12):2024–2028.
Pilla R., Malvisi M., Snel G.G., Schwarz D., König S., Czerny C.P., Piccinini R. 2013. Differential
cell count as an alternative method to diagnose dairy cow mastitis. J Dairy Sci. 96(3):1653-60.
Rainard P., Riollet C., 2006. Innate immunity of the bovine mammary gland.Vet Res. 37(3):369-400.
Schwarz D., Diesterbeck U.S., König S., Brügemann K., et al., 2011. Flow cytometric differential cell
counts in milk for the evaluation of inflammatory reactions in clinically healthy and subclinically
infected bovine mammary glands. J Dairy Sci. 94(10):5033-5044.
Sordillo L.M., Streicher K.L. 2002. Mammary gland immunity and mastitis susceptibility. J
Mammary Gland Biol Neoplasia. 7(2):135-146.
Sørensen L. P. Bjerring M. and Løvendahl P. 2016. Monitoring individual cow udder health in
automated milking systems using online somatic cell counts. J. Dairy Sci. 99:608–620.
World Health Organization (WHO), 2015. Global Action Plan on antimicrobials resistance. 28 pp.
21

Alternative Approaches to Managing Demand for Antibiotic Treatment in Dairying
Yanan Jia, Graduate Student.
Hongli Feng, Associate Professor.
David A. Hennessy, Professor and Elton R. Smith Chair in Food and Agricultural Policy.
All are at the Dept. of Agricultural, Food and Resource Economics, Michigan State University.
Abstract
In response to concerns about the emergence of resistance, the use of antimicrobials in agriculture is
being subjected to increasingly stringent regulations. These inputs are typically administered by farm
personnel seeking to control a biological condition of uncertain origin, and they are not always effective
in doing so. A standard formal economic model exists for production input demand where the input
has uncertain efficacy. However there is reason to believe that decision-makers systematically deviate
from expected behavior. We used antibiotics demand and administration data collected from about
460 dairy farmers to assess responses to the probability of avoiding a loss and the loss magnitude. The
responses are studied with an eye to policy implications. In particular, a tax on antibiotics is unlikely to
significantly reduce demand while increasing the potential loss that antibiotics help to manage is
unlikely to increase demand by much. Farmers would like more informative diagnostics, but it is
unclear how these diagnostics would affect demand for antibiotics.
Keywords Antibiotics tax, behavioral decision biases, diagnostics, mastitis, response to loss.
1. Introduction
Regulations on antibiotics in animal agriculture have expanded over the past decade. Antibiotics have
been applied to food production animals in feed and water to either prevent disease or improve feed
efficiency, and also as therapy. Our interest is in dairy farm use where purposes are therapeutic, i.e.,
restoring productivity through eliminating infections. Our focus is the managerial economics of farmlevel antibiotics choices. The decision-making problem arises in barnyard conditions and can be
information intense. The goal is to protect value and the management setting is to process information
on a cow’s health status in the presence of substantial uncertainty about what, if anything, ails the cow
and whether a treatment will prove to be effective. The cow’s genetic profile, production records and
medical history, the diagnostic tests used and recent events in the herd are among relevant data that will
be used to assess the risks and potential rewards from the antibiotic application decision.
Humans are prone to many decision-making biases (Just 2014) that can arise as a result of external
pressure or the way the human brain perceives and processes information. Research in human medical
practice reveals strong patient pressure on doctors to over-prescribe antibiotics (e.g., Linder et al.
2017). Behavioral nudges through informational reminders (Meeker et al. 2014) and feedback
mechanisms (Eilermann et al. 2018) have been advocated and show promise. Evidence is also
accumulating that agricultural decision-makers may, through rational inattention or irrationality, choose
inputs to attain goals other than maximizing mean profit or risk adjusted mean profit (Du et al. 2017).
For example, Perry et al. (2017) find evidence that United States corn and soybean growers did not
adjust herbicide active ingredient application rates when only product concentration changed.
Arguably the most influential non-classical theory on economic decision-making is prospect theory.
It emphasizes distinctions that individuals make between gains and losses relative to a reference point,
and also patterns in how objective outcome probabilities are reformed into weights when evaluating
alternative risky choices. Bocquého et al. (2014) provide experiment-based evidence that sampled
French farmers distinguish between gains and losses, are more sensitive to losses than gains and behave
as if unlikely adverse events were more probable than is true. More specific to the issue at hand, we are
not aware of work addressing how farmers think of on-farm antibiotics decisions. Although not
addressing antibiotics management choices, Hansson and Lagerkvist (2014) argue that the prospect
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theory mindset toward choice evaluation shapes how Swedish dairy farmers compare mastitis
management strategies.
Broadly considered, antibiotics have three potential roles in animal protein production: to promote
growth and improve feed-to-product conversion; to prevent clinical manifestation of disease; and to
treat an identified disease. The first use is not an issue in milk producing animals, in part because milk
is tested for the presence of antibiotics and will be condemned if found. The second and third uses
occur through direct treatment and not with feed as a vehicle. As with humans, there are many reasons
why antibiotic therapy can arise. But the main organ treated is the mammary gland for mastitis, to
prevent or eliminate infections that will temporarily reduce milk production or will permanently scar
tissue. Antibiotics can be injected directly into the teat when the cow is not lactating to reduce the risk
of udder inflammation. Alternatively, a lactating cow suspected of having mastitis may be treated and
the milk discarded until it is free of antibiotics. Effective from 2017, U.S. Veterinary Feed Directive
(VFD) regulations no longer permits growth promotion and feed conversion efficiency rationales for
applying antibiotics that are labeled as important for human medicine. Our interest here is in the other
two motives. A VFD goal is to ultimately shift many antibiotics from over-the counter (OTC)
availability to availability only upon obtaining a prescription from a licensed veterinarian.
Some clarifications together with a simple decomposition may be in order when comparing the
extent of antibiotics actually applied in food production with what is best for society. The standard
economic framework views farmers as making decisions so that some version of profit, expected profit
or a related private objective is maximized. However, farmers may have little incentive to include the
impact of their antibiotics actions on the development of antibiotics resistance and so ultimately on
losses to society through deaths and additional costs for alternative treatments. The damage is done
through widespread use is beyond an individual’s control and a farmer who refrains from private use
will compete with those who do not. Thus privately optimal use is likely to far exceed what is best for
society. In that case, a tax on antibiotics in agriculture or restrictive regulations would be effective
instruments for curtailment but it is not clear whether an information campaign to increase awareness
would have any discernible impact. Our motivation is separate. It is how actual use compares with
privately optimal use. Were actual use to exceed privately optimal use then a new set of instruments
become available to manage antibiotics in agriculture. For example, farmers can be made aware of
private advantages of reducing input levels or of neglected technologies. Alternatively, if their inability
to achieve intended goals are better understood then modifications to the decision setting, e.g., choice
architecture (Thaler et al. 2013) may achieve sustainable and voluntary reductions in use. For example,
requiring that the order for a prescription antibiotic be filled at a pharmacy and not by the veterinarian
may remove concerns about conflict of interest and also give the grower an opportunity to reflect on all
costs that would arise from applying each dose. Figure 1 illustrates the suggested input decomposition.

Figure 1 about here

Our research seeks to understand both how antibiotics are used on dairy farms and whether there
might be opportunities to use behavioral economics approaches to reduce antibiotics demand for
mastitis therapy on these farms. It does so by asking farmers about the costs that mastitis impose on
them, how they respond to hypothetical disease management problems and what aspects of costs and
benefits they emphasize most when making management decisions.
2.

Materials and Methods

2.1. Formal model

A producer faced with a potential mastitis case has choice set n ∈ {1, ... , N } ≡ Ω N at cost Cn available
to control the case. However the producer does not know whether an alternative will cure the case.
Suppose that the producer taking management choice n faces loss of amount Ln , and this loss can be
avoided with probability pn . For choice n the expected value of loss avoided is pn Ln . The producer
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can be viewed as having the problem of choosing action n to maximize the expected value of loss
avoided, i.e., max n∈Ω N pn Ln − Cn . For a grower concerned only with expected profit any choice
satisfying pn Ln ≥ Cn will be considered further, and so growers should not be willing to pay (WTP) a
cost beyond pn Ln . Figure 2 depicts maximum WTP for this model, which we refer to as the Classic
Expected Loss Model (CELM). Producers should not be WTP beyond some amount CWTP for
( p, L) pairs to the north and east of locus C = pL with sample locus point ( pˆ , Lˆ ) .
WTP

Figure 2 about here
2.2. Data

During spring and summer 2017, paper and web surveys were sent to dairy farmers in Wisconsin,
Minnesota and Michigan, requesting information about farming conditions, investment intentions,
demographics, operation scale and markets. The overall response rate was 21%, or 648 responses. A
section was included that asked about antibiotics input choices on the farm, anticipated cost and
revenue implications. One question presented a stylized decision environment. Four contexts were
provided with Latin Square design where in each two parameters were given: probability a single cow
can be cured with antibiotics, and reduction in loss if cured. Subjects were asked to provide the greatest
cost they would be willing to pay (WTP) to treat the animal. Four versions were sent out differing only
in this question. The number of responses to the WTP queries, which were at survey end, was 480.
We queried the nature of costs incurred per mastitis case. Median data are reported because some
respondents provided unreasonably high cost levels for certain categories. Data are provided in table 1
below. These data accord well with other survey based estimates of costs, e.g., Rollin et al. (2015).
Therapeutics account for a very small fraction of median costs. The cost category estimate is
considerably larger than the cost of diagnosis and also larger than, though of comparable order with,
the labour administration and veterinary service costs.

Table 1 about here

We also queried WTP under alternative p and L values. Four instrument versions were sent out,
each to approximately a quarter of the survey sample and each soliciting WTP for four ( p, L)
combinations. The query states “While observing your herd you develop the view that a cow is not

performing optimally and may have an infection that can be cured by use of antibiotics. Treatment
incurs a cost. The treatment may not prove to be effective. For each of Settings A through D, please
provide an answer as best you can in the box to the right.” The subject is then provided with ( p, L)

values and asked “What is the greatest cost you would be willing to pay to treat the animal?” Mean
responses are provided in table 2 where cells where WTP exceeds expected loss avoided have green
background. Cells where the relation is equality and where the inequality is reversed are coloured,
respectively, yellow and red. Clearly for low probabilities and low losses WTP exceeds expected loss
avoided. In addition, WTP appears to be more sensitive to low losses than to low probabilities.

Table 2 about here

We also asked respondents “Please identify the most and least important factors for your operation
in regard to managing mastitis.” As listed in table 3, they were provided with three alternatives. Clearly
more emphasis is placed on managing the probability that the treatment is successful than on managing
treatment cost or on reducing loss at risk.

Table 3 about here

3. Results and Discussion
The case has been made for a tax on antibiotics (Hollis and Ahmed 2013; Van Boeckel et al. 2017).
Our table 1 data suggest that a direct tax is unlikely to be effective in dairy production. It is too small a
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component of overall costs and losses involved. An approach that is more likely to be successful, one
which has seen general application as a by-product of new regulations, is to tie antibiotics use with other
costs. This is in part how shifting antibiotics to prescription only is likely to work. Increasing time costs,
including management and veterinarian time, is likely to generate a larger effective tax on antibiotics
than even a large product tax.
The excess WTP finding in table 2 provides evidence that the actual application rate may indeed
exceed that which would maximize producer profit. Some caution is warranted in interpretation,
however. Mastitis causing bacteria can spread from cow to cow through equipment, and also into the
farm’s environment to be contracted later by herd mates. We did ask the respondent to assume that
the cow had been isolated and, furthermore, 70% of respondents reported that cows with mastitis were
separated. If, upon detection, cows are separated then they pose no further risk to the herd.
Nonetheless, herd owners may not accept this logic and may factor potential losses posed to herd
mates into their WTP. Tables 2 and 3 also suggest that farmers pay more attention to increasing the
probability that treatment succeeds rather than to cost or to controlling the loss at risk. This may be
because they believe that probability of successful treatment is most responsive to factors at
management’s control. Or it may be connected with psychological processes that underpin regularities
in other data brought forth in the literature in support of prospect theory. In any case, that WTP is
comparatively more sensitive to probability suggests a role for enhanced diagnostics in better managing
dairy farm demand for antibiotics.
Table 1. Median costs for mastitis case by category.
Cost category
Number of responses
Diagnosis
274
Therapeutics, i.e., antibiotics
410
Non-saleable milk
421
Veterinary service
275
Labour
313
Death loss
253
Lost future milk
332
Loss from premature culling
295
Lost from future reproduction
262
Total
332

Median cost
$5
$30
$80
$12
$15
$35
$200
$200
$100
$572

Share
0.9%
5.2%
14.0%
2.1%
2.6%
6.1%
35.0%
35.0%
17.5%

Probability

Table 2. Willingness to pay for antibiotics treatment (expected value in parentheses).
Loss that might be avoided
$100
$150
$200
$250
0.40
$103 ($40.0)
$127 ($60.0)
$117 ($80.0)
$102 ($100.0)
0.55
$137 ($55.0)
$131 ($82.5)
$122 ($110.0)
$138 ($137.5)
0.70
$154 ($70.0)
$153 ($105.0)
$166 ($140.0)
$196 ($175.0)
0.85
$169 ($85.0)
$172 ($127.5)
$196 ($170.0)
$198 ($212.5)

Table 3. Reported most and least important factors when managing mastitis.
Percent most Percent least
Increasing probability that treatment is successful
59.8
12.8
Managing cost of treatment
7.0
64.3
Reducing loss at risk
33.1
22.9
Respondents
513
507
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Abstract
Food safety and quality certification at inspection points has become the main requirement in
the international food trade. Food inspection protocols are fundamental tool that allow
governments the introduction of quality and safety foodstuffs into their domestic markets. The
National Service of Health, Safety and Agro-Food Quality (SENASICA) a decentralized
administrative body of the Ministry of Agriculture, Livestock, Rural Development, Fisheries
and Food (SAGARPA), is the governmental instance responsible for carrying out food safety
inspections on all imported and exported food in Mexico. This paper identifies the weakness of
protocols associated with the training of food inspectors, and also provides identification of
international standards to be integrated into food safety management systems, to proactively
deal with the risk-based approach for protecting against hazards associated with food safety.
Mexican Plant Health and Security and Animal Health Officers were surveyed about the
management of the cold chain at inspection stations of export-and-importation of food.
Inspector´s integral management and knowledge of the cold chain, while running the food
inspection should be improved as to keep the original quality and safety of the perishables
products. Then, it is proposed the implementation of training programs that incorporate
worldwide standards in force in international markets, in order to guarantee food safety in all
perishable foods under inspection.
Keywords: Official food inspection, food safety regulation, quality shelf-life.
1. Introduction
Food safety is now still a matter of interest and concern. Largely, it is due to the global trend of
food chain governed in a context of national and international efforts, to harmonize within food
safety frameworks. In conjunction with the updating and harmonization of regulations, it is laid
the importance of the continuous training. As a result, constant improvement is propitiated in
knowledge and inspection procedures, together it is also encouraged with the experience of
inspectors, officials, consultants and auditors. Legislation on food safety is based on risk
assessment and transparency, as well as risk communication among the actors in the food
supply chain (Smigic et. al., 2015). Bradsher et. al. (2015) indicated that within the curriculum
framework of professionals in food protection, must have a continuous training during their
professional phase. Government authorities are interested in addressing the challenges in
implementation and effectiveness of the training programs for professionals dedicated to
protection of food. For that purpose, they rely on partnerships with programs designed
academically to identify the priorities in the assessment of risks in food (Fortin and Weir, 2015).
For import-and-exportation operations is essential to implement regulation of food safety
systems to ensure the level of protection against health risk (Malorgio et. al., 2016).
Aung and Chang (2014) showed that one factor referred to food safety and quality is spoilage.
It affects costs, food waste, but also adversely affects trade and consumer confidence. To
maintain food quality and safety, it is involved strict cold chain management through the supply
chain. Microbial growth causes the deterioration of the food that drives the loss of food safety,
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which is caused by the abuse of the temperature into the cold chain (Martin, G. 2000). Hsiao
et. al., (2017) established that food quality and safety depend to a great extent on the
management at each link in the supply chain. Therefore, cold chain management of perishable
foods is essential to guarantee safe and high-quality products. It is then required, strict control
of time and temperature during food import-export inspection operations. The aims of this paper
were to identify the weakness associated during food inspection of import-and-exportation, and
the identification of international standards to strengthen the risk-based approach.
2. Material and Methods
Surveys in Mexico were performed to the target population of 48 Phytozoan Plant Sanitary
Security and Animal Health Officers from the National Service of Health, Safety and AgroFood Quality (SENASICA) of the administrative body of the Ministry of Agriculture,
Livestock, Rural Development, Fisheries and Food (SAGARPA). They mainly focusing were
responsible of food verification for import-and-exportation trade activities at five entry ports
located at the Mexico’s Northern border. This study focused on cold chain management and the
difficulties associated during food inspection and emphasizing on the international standards
that support the risk-based approach on international trade. It was set up a conceptualization of
the main factors affecting compliance capacity of import-exports with food safety standards
(Ait Hou et. al., 2015; Grazia et. al., 2012). It is also included the policy improvements of food
inspections provided by the respondents. The data set was analysed as randomized completed
design, and Chi-square test (α = 0.05), using the SAS package. The response variables were
related with difficulties and suggestions of the respondents.
3. Results and Discussion
The information gathered shows that 88% respondents had a training program on a regular
basis, but only 83% systematically recorded data. Of the same population, 85% indicated
knowing precisely the importance and impact of cold chain on the quality and safety of
perishable products. Cold chain interruptions while running food inspections were pointed out
in 73% of the surveys. Table 1 shows some sources of these breaks in the cold chain. Excessive
shipment handling within premises away from any refrigerated environment, workload above
inspector’s number and incomplete files along confusing protocols were considered the most
critical factors against a smooth and fluid inspection process. Malorgio et. al. (2016) also
reported that confusing protocols, along poor match and harmonization of standards and
insufficient staff were the major time-consuming conditions to overcome in the inspection of
perishable foods and compliance of legislation.
Table 1. Difficulties associated with the interruption of the cold chain during the
inspection process of perishable food products.

Percentage of responds (% ± SE)*
Factors
20.59 ± 7.64
Excess of mobility of products in inspection site
16.91 ±7.82
Excessive workload or lack of personnel
16.18 ± 7.85
Lack of documentation and of clarity in the regulations
16.18 ± 7.85
Excess in waiting time due to administrative procedures
15.44 ±7.88
Failures in electrical energy
14.71 ±7.92
Lack of adequate facilities
* Respondents could select more than one factor. 𝜒 2 = 0.8844

Food inspectors suggested that the process of food inspection at entry ports could be improved
time-wise, if reinforcement of controls to carriers, better infrastructure and adjustments in
inspection procedures were carried out. In addition, up-dating and continuous training will
strengthen inspector’s abilities and decision making at the time of food inspection (Table 2).
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Malorgio et. al. (2016) emphasized the need to define a policy for continuous improvement in
facilities and of personnel profile to consolidate fast and safe protocols for food inspection.
Table 2. Respondents' suggestion for improving policies for food inspections.
Percentage of responds (% ± SE)*

Proposal

Reinforcing transportation at border controls
Improve infrastructures
Simplifying/unifying control and administrative procedures
Increase and systematize technical training programs
Improve the operability of inspections on sites
* Respondents could select more than one proposal. 𝜒 2 = 0.6349

24.36 ± 7.97
21.01 ± 8.15
21.01 ± 8.15
17.65 ± 8.32
15.97 ± 8.40

Food hazards along the food supply chain could be coped with collaboration and diligence of
all the actors involved are required. Therefore, food protection professionals must know the
complexity and interrelation that all components of the supply chain play as well (Fortin et. al.,
2015). Additionally, Malorgio et. al. (2016) recorded that the most important benefits in
compliance with food safety standards are associated with increasing efficiency in interrelations among agents, improving commercial practices, market access and competitive
advantage, combined with reduction of health and commercial risks. The training of food staff
and level of education are factors that straight affect the quality and safety of food products.
The necessity of having employees with a high qualification in all the links of the food chain is
really imperative and requires the incorporation of international regulations and regulatory
bodies (Antić and Bogetić, 2015). Shinbaum et. al. (2016) pointed out that the governments
focus on food staff training, since it reduces costs that lead to a significant decrease in foodborne
illnesses and a lower recalls rate. Therefore, a higher level of education and a systematization
in the training of officials dedicated to food inspection focused on risks becomes more relevant
(Läikkö- Roto et. al., (2015). Training programs increase knowledge in food safety practices
and improve inspection scores (Kirshner, 1993).
Smith (2009) has mentioned that Government, traditionally has the responsibility to establish
mandatory norms of food safety, to guarantee safe food to consumers. Private protocols and
mechanisms are developed in the supply of higher quality food. Exporters are obliged to
demonstrate compliance with public regulations, especially in differentiated product markets,
for satisfying requirements of niche market. Public and private standards are based on the
implementation and operation of food controls, and compliance throughout the food chain.
Henson and Humphrey (2009) identified that there are four key drivers that have a direct
influence on agri-food value chains in regulation and structuring in international markets: real
risks in food-chain-production, consumers’ and enterprises’ safety and quality interests,
strategies of business proficiency, competitiveness in a globalized market and responsibility
transferred to the private sector.
Then, the operability of quality management in the food supply chain requires that food staff
have a continuous training program. It is based on establishing a basic attitude, and each
member represents a key role in solving problems (Lehnert and Bruckner, 2014). The reasons
for implementing training programs are based on various reasons (Kamiske and Brauer, 2008),
such as improvement of objectives, updating legal and public requirements, having a competent
educational sector, motivate employees and have a qualified staff of professionals responsible
for safety of food (Riedel, 2009). Currently, training programs should be determined with proof
of competency, in compliance with standards and norms in force with food and feed trade
(EQAsce, 2018; FDA, 2017). Private food standards have acquired a relevant role, and address
topics related to food safety and quality issues (Clarke, 2010). Therefore, standards having a
substantial impact on food safety management practices throughout the international food
supply chain are detailed in Table 3.
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Table 3. Key characterises of Safety and Quality Standards
STANDARDS
International standards
CODEX Hygiene
Principles & other
relevant codes
ISO 22000

End applier
of standard

KEY FEATURES
Management of
Key Elements of
GMP/GHP,
HACCP
GAP, HACCP
programs

All food
supply chain

Partially applied

Fully applied

All food
supply chain

Fully applied

Fully applied

International

Fully applied

Fully applied

US and Australian
market

Fully applied

Fully applied

German, French
and Italian market

Fully applied

Fully applied

Europe

Geographic area
of application

International

Global Food Safety Initiative (GFSI)
Safe Quality Food
(SQF) 2000

Food
manufacturers

Food
International Food
manufacturers
Standard (IFS)
Food Safety System
Food
Certification (FSSC)
manufacturers
22000
Source: Clarke (2010) p. 7-8.

There is a similarity between most standards, in the sense that all propose a safety-integrated
management, whilst different stakeholders and geographical regions (Mensah and Julien, 2011)
associate with differences owned. However, benefits are related to access to markets,
development of personnel, improvement in communication of information and continuous
improvement in food quality and safety. It is pointed out that national and international
Governments are imposing new and tighter legislations and regulations, for ensuring food
safety with quality assurance systems at each level in the food chain (Trienekens and Zuurbier,
2008). In this case, the Mexican government has the challenge of improving operational
inspection activities, both in the continuous training programs for inspector staff, as well as in
the harmonization of the administrative operations in compliance with international standards,
and in the infrastructure improvement to be able to respond to inspection requirements in
import-and-exportation food imposed on the international markets.
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Abstract
Within the growing pet food market, the expanding number of options for pet food, strong
marketing messages, and confusing (and often conflicting) information on the Internet have
made purchasing decisions difficult for pet owners. Given these challenges, it is important to
understand the underlying determinants of pet food choice so that the veterinary healthcare team
can better educate pet owners about what and how to feed their pets for optimal health. The study
enrolled 2,181 participants (1,209 responding about their dogs; 972 responding about their cats).
Results suggest that pet owners want to provide their pets with the best nutrition possible, but
face numerous challenges in determining the best diet to feed their pets. It is important for
animal health providers to understand owners' underlying motivations for pet food purchases and
why a pet is being fed a certain diet, and use this information to provide specific evidence-based
recommendations that optimize patients' health.
Keywords
Pets, dogs, cats, pet food, purchasing decisions
Introduction
Pet ownership in the United States has been steadily growing, with 68% of households
having at least one pet in 2014 (American Pet Products Association, 2015). As pet ownership
has grown, overall consumer spending on pets has risen drastically from $17 billion in 1994 to
$58 billion in 2014(1). A substantial component of this spending has been for pet food, with U.S
consumers having spent an average of $194 per year in 2013 for pet food (Statista, 2015). With
the growing number of pet owners and increasing consumer spending on pets, the pet food
industry has expanded in recent years to include new retail outlets for pet food, new marketing
strategies, and new varieties of pet food. In addition, the growing trend of humanization and
anthropomorphism of pets has spurred strong marketing messages, ingredient claims, confusing
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,and often conflicting, information on the Internet about the best food for pets (American Pet
Products Association, 2015; Statista, 2015; PetFood News, 2016).
Consumers face a dizzying array of pet food choices and a growing wealth of
misinformation regarding pet nutrition. Understanding how consumers make pet food purchase
decisions and what factors of pet food are most important is essential information for
veterinarians to help pet owners make more objective decisions about their pets' food. The
purpose of this study, therefore, was to identify determinants of pet food purchasing decisions.
Material and Methods
A survey was designed to gather information about pet food purchase decisions,
including the type of pet owned, factors influencing pet food purchases, owners' relationship
with their pets, and demographics. Survey questions were created based on past consumer
behavior research surveys and established scales (Laflamme et al., 2008; Michel et al., 2008;
Chen et al., 2012; Boya et al., 2015). Most responses were made using a 7-point Likert scale. A
Health Prioritization Gap measure was calculated by subtracting the importance of healthy food
for pet ratings from the importance of healthy food for self-ratings.
The survey was administered through commercial survey software and was available
from July 2015- February 2016. The survey was designed so that the respondent entered the
names of all of his or her pets and then the software randomly selected one of the respondents'
pets (if they owned more than one) and asked the questions as they pertained to that specific pet.
The survey was designed to take approximately 10-15 minutes to complete. A “snowball”
survey recruitment approach was used to invite cat and dog owners to participate in the study.
The study was approved by the Tufts University Institutional Review Board.
Results and Discussion
The online survey was accessed 2,484 times with a total of 2,181 respondents completing
at least 80% of the survey. Fifty-five percent (1209/2181) of respondents answered questions
about their dog and 45% (972/2181) of respondents’ answers were about their cat. There were
no significant differences in demographics for cat and dog owners (data not shown) so these
were combined for all results. Respondents were predominately female (1838/1974) and the age
of all respondents ranged from 18 to 82 years (mean = 46 years). A notably large proportion
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(564/1975) of respondents were employed in the veterinary healthcare field or animal industry,
and most respondents (1981/2181) were the primary decision makers in pet food purchases.
Characteristics of Foods Purchased
Respondents were asked several questions regarding what types of food they feed their
pets and where they purchase pet foods. Eighty-eight percent (1943/2188) of respondents
indicated that they feed commercially-prepared foods to their pets and over half (1194/2182) of
respondents indicated that they fed primarily dry food to their pet. The only significant
difference between cat and dog owners was that cat owners were significantly more likely to
feed canned food compared to dog owners (713/977 for cats versus, 419/1211 for dogs;
P<0.001). Twelve percent (278/2182) of respondents indicated that they fed other types of food
to their pet, including raw food, dehydrated food, or supplements. Fifty-one percent (997/1939)
of respondents indicated that they purchased their pet food from either large specialty stores, or
from other sources such as such as Internet retailers (e.g., Amazon), directly from the
manufacturer, or from local agricultural feed stores.
Pet Food Labels
In order to understand the role of calorie labeling in pet food purchase decisions,
respondents were asked about their use and knowledge of calorie labeling on pet food. Most
respondents (1446/1931; 74.9%) indicated that they are aware of calorie labeling on pet food but
only 1013/1935 of respondents (52.4%) indicated that they use or notice the calorie labels on pet
food. To further understand the role and use of pet food labels, respondents were also asked to
rate their agreement with two statements about pet food labels. 63.02% (n=1256) agreed with the
statement, "Information on pet food labels is misleading”. For the statement, "Information on
pet food labels is easy to understand," 41.1% (n=817) agreed and 47.2% (n=937) did not agree.
The Health Prioritization Gap
Respondents were asked to rate how important buying healthy food was for themselves
and how important buying healthy food was for their pet. The owner-pet "Health Prioritization
Gap" (i.e., the difference between scores) showed that 1023/1926 (53.1%) of respondents had
equal priority for themselves and their pet (Health Prioritization Gap = 0, Equal Priority group).
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Eight hundred forty of 1926 respondents (43.6%) had scores indicating a higher importance for
buying healthy food for their pet (Higher Priority Pet group), and only 63/1926 respondents
(3.3%) had scores indicating a higher priority on buying healthy food for themselves compared
to the pet (Higher Priority Self group). Mean age of respondents in the Higher Priority Pet group
was significantly younger (44 yrs versus 47 yrs; p = 0.0063) and this group was significantly
more likely to actively seek out information about pet food (as indicated by higher rankings to
the question “I actively seek out information about pet food”; p<0.001) compared to the Equal
Priority group.
The focus on ingredients and good nutrition may reflect how trends in human health and
nutrition have begun to spill over into the pet health world. As consumers have become more
interested and concerned about what is in their food, they have begun to also focus more on the
ingredients and production of their pets’ food. This is supported by the fact that 53% of
respondents had a similar rating for the importance of buying healthy food for their pet versus
themselves. However, it was surprising that 43.6% of respondents indicated that buying healthy
food was more important for their pet than for themselves- a phenomenon that we describe here
as the Health Prioritization Gap.
Ensuring that pets receive proper nutrition requires understanding consumer behavior in
regards to pet food purchase decisions. However, increasing marketing claims and
misinformation about pet nutrition and the spillover of trends from the human health and
nutrition realm into the pet food market further complicate the already challenging task of
educating consumers on how to best feed their pets. However, the strong bond owners have with
their pets, their priority for providing their pets with the best nutrition possible, and their use of
the veterinary healthcare team for nutritional information provides an excellent opportunity. In
order to provide sound nutritional advice to their clients, members of the veterinary healthcare
team need to understand the underlying motivations of pet food purchases and why a pet is being
fed a certain diet, and use this information to provide specific evidence-based recommendations
that optimize patients' health.
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Abstract
Globalized world is increasingly showing problems of complexity together with the holistic and
multidisciplinary aspect of its nature. The authors, involved in the COST EU funded “Network for
Evaluation of One Health” (NEOH), after having worked in different fields, experienced the need to
find an intuitive methodology to connect and integrate already existing elements and methodologies
used in diverse disciplines. This work aims to provide a most practical and simplified way to
integrate, combine and hybridize existing models from different disciplines, maintaining at the same
time coherence with the interdisciplinary approach and system thinking. Two food-related case
studies (food packaging and aquaculture) were selected according to their known or potential
complexity to apply the proposed protocol in real, empirical situations. The objective of the
protocol is to guide the potential users in the accomplishment of three relevant tasks in the One
Health approach: (a) the description of the case study as a system within its boundaries (system
identification); (b) the hybridization of knowledge from different disciplines; (c) the practical use of
existing methodologies to help governance and find solutions.
These tasks are closely linked in the development of the cognitive process needed to organize the
work and build up an interdisciplinary team to face complex problems. The cognitive process takes
the shape of a “matrix of knowledge”. The matrix lists in vertical the knowledge and in horizontal
the type of disciplines involved, the expertise required and the main methodologies needed to solve
complex problems. In parallel with this process, a representation of the system and sub-systems
(image of the system) related to each case study is developed and updated iteratively. The use of
simple graphical symbols allows the translation of the matrix of knowledge into the image of the
system. The protocol presented is an exercise that researchers are challenged to apply in other
domains and situations to test its viability and effectiveness. On the other side, it could be
considered a first step for beginners in system thinking and interdisciplinarity to achieve a userfriendly approach towards more complex routines. After verification, it could serve a wide range of
needs and applications in project planning, implementation, management, and evaluation.
Keywords: Interdisciplinarity, system thinking, knowledge, integration
1 Introduction
One Health (OH) is increasingly getting the attention of health institutions at any level, from policy
makers to managers, from field operators to researchers. OH approach is challenging for several
reasons, not least the change it requires in the mind of people who get involved in OH initiatives.
As in many other fields of human activity, specialization tends to prevail among operators, actors
and scientists as the result of long process of scientific reductionism, which reflects in the
institutional organization of knowledge, competences and operation (World Bank report 2018). OH
is placed at the crossroad of human, animal and environmental domains (Baum et al., 2017): The
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complexity of technical, socio-economic and environmental interrelations must be carefully
understood at the scientific level and managed at the operational level (Boriani et al., 2017). Facing
this complexity requires inter- trans-disciplinarity and multidisciplinarity, as defined by Choi &
Pak, (Choi & Pak 2006). Interdisciplinary networks and collaborations describe the nature of One
Health interventions, which create synergies among knowledge, models, and expertise related to
human, animal, and environmental health to tackle a number of diversified and complex issues.
System vision and inter/trans-disciplinarity are thus closely interlinked.
In this work the Authors exercise to provide a simple protocol to allow absolute beginners to move
the first steps toward the practice of system thinking and interdisciplinarity.
Several reasons may support this position: a long scientific tradition in the way scientific problems
are approached favoured the affirmation of specialization in any domain. Furthermore the
reductionist approach in science may fail to grasp problem complexity (Syberg and Hansen, 2016).
Capturing problem complexity requires that specialists in a scientific or operational domain
recognize the borders of their own specific vision and accept to place themselves in a wider
scenario, dialectically interacting with other actors, with different specializations and points of
view. Despite individual aptitude and willingness, interdisciplinary approach cannot be faced
individually, it requires team working. This task is difficult at team level and at institutional level,
where changes in the way problems are approached and solved requires organizational adaptation,
with modified procedures and protocols within and among different institutions. At any of the
above-mentioned level (team, institutions), managing the flux of resources (information,
competences) and individual and organizational behaviours, requires shared rules and protocols.
This poses the need for governance tools which, in relation to the complexity of the problem, may
differ from established approach but should be enough simple to learn from people of different
background.
2 Materials and Methods
Starting from real food related case studies, packaging and aquaculture, we developed an exercise to
build up a general protocol to approach system thinking and interdisciplinarity in a wider range of
contexts and situations. The objective of the protocol is to guide the potential users in the
accomplishment of two relevant tasks in the OH approach:
1) the identification of the system and its boundaries
2) the hybridization of the knowledges
These tasks are closely linked as they are critical steps to build up an interdisciplinary team to face
complex problems. The method adopted is an iterative cognitive process which required a
preliminary effort of simplification and synthesis to extract some general rules of conduct. Authors
first dedicated time to the identification of case studies potentially showing complex situations
because of the implication of the different dimension of OH. Two case studies were selected
because of the involvement of animal-human health problems, environment and food. The cases
where treated individually in depth and finally a general protocol was extracted through the
conceptualization of a general methodological model, which is in fact the result of the exercise. In
this paper, for space reasons, we will only describe the base methodology and leave the application
to the selected case studies for further description.
3 Results
The protocol we propose basically stands on two pillars, mutually linked and iteratively operated:
(a) System identification and (b) Hybridization of knowledge.
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a) System identification
For the identification of the system we started from some simple, quite common assumptions:
Any problem can be described through its basic components (e.g. an object, as distinguished from
other objects). We called these components the building blocks (BBs) of the problem. A building
block is a fundamental element of the problem we want to tackle and that we use to represent the
basic or initial perception of the problem itself.
Simple descriptors can be used to identify the uniqueness, singularity or relevant characteristics of
any BB (such as nature, status, role, etc.) in relation to other BBs. Descriptors of the BBs should
identify their role in an ideal causal chain and the result that they determine, so that the next step of
the process (identification of the relationships) is simplified. Descriptors may thus distinguish for
example among action, process, input, product, outcomes/result.
Relationships of any kind may intervene among BBs. A relationship is any kind of functional link
(e.g. causation, co-determination, correspondences, etc.) between BBs. Relationships may thus have
directions (e.g. direct causation or feedback), effect (e.g. increasing or decreasing) and intensity.
Starting from the original BBs and relationships, other BBs and relationships may be identified
which expand the perception of the original problem. The discovery of these additional BBs and
relationships defines the ways through which knowledge expands from the originally perceived
problem. We called them ways of expansions which allows for the discovery of the complexity of
the original problem. The identification of the ways of expansion is crucial. It depends on the
answer to two basic questions: - what should be known more about the problem? - how can this be
done? Logic and deduction, acquired knowledge and competences of the actor(s) of the process
may help answering the first question, but the real solution lies in the answer to the second one:
more knowledge can be acquired (and ways of expansion better identified) by involving more actors
and competences in the process. This is the basis to build up an interdisciplinary team (see below
under phase (b)).
Figure 1 shows how the original problem may appear according to a visual approach (a) and how it
is represented through the identification of the ways of expansion (b). BBs are qualified according
their nature (e.g. input, process, output) together with the causal relationships and the effect. Rows
show the direction of causation and algebraic signs their effect. Figure 1a may exemplify the steps
of building blocks, descriptions, relationships of the process; Figure 1b visualizes the way of
expansions
Figure 1 – Building up complexity and system vision
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A further problem is how to identify system boundaries. System limitation mainly depends on
scientific, economic and organizational constraints (i.e. existing knowledge, available resources,
institutional limits, which can change over time also in relation to the result of the cognitive
process). On the other side, assuming that a focus appears on a problem inside the system (e.g.
managing process B in order to minimize output C’), system limits can be determined by selecting
BBs and relationships according to their relevance in view of the prioritized objective.
b) Hybridization of knowledge
As mentioned above, the development of phase (a) requires that different actors involved in the
process (researchers, institutions, social bodies, etc.) work together to reveal the complexity of the
system, each actor bringing specific knowledge that concurs in the identification of the system
according an interdisciplinary/transdisciplinary/multidisciplinary approach. Some factors can
influence the individual vision of a problem. Namely: - disciplinary approach, in the academic
sense; - specific expertise, stemming from the professional practice; - an institutional approach to
the problem of a social body or an organization. In this sense, “knowledge” includes the
disciplinary delimitation of a scientific field and the related investigation methods in the researcher
mind-set, and the understanding of field people and stakeholders and their protocols, methods and
standards. Integrating individual visions leads to the knowledge hybridization which translates the
complexity of the system into the complexity of knowledge where each actor of the process has a
place and a role assigned.
The process is articulated in two steps: 1) the development of the knowledge matrix; 2) the
hybridization process. Knowledge hybridization is meant to serve and accompany the iterative
development of phase (a) explained above. The practical result of this step is the association
between specific problems and competencies, and the identification of counterparts or partners in
the process, finally assessing possibilities and limits of each set of knowledge. In the matrix of
knowledge, each domain of knowledge (e.g. human health, production management, health
policy,…), corresponds to: (i) the domain of expertise (what aspects are taken in charge by the
knowledge): (ii) the advancement in knowledge it creates (what useful knowledge can be obtained
or expected which can contribute to the understanding of the problem); (iii) the method(s) to obtain
it.
Table 1 - Matrix of knowledge

The building up of the matrix is a dynamic process: lines (knowledges) can be added to or erased
from the table according to the stage of the cognitive process and the development of the system.
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4 Discussion
The protocol presented here aims to facilitate the approach to system identification and
interdisciplinarity for people who are used to work according to a specific point of view (a
disciplinary or technical approach, an institutional mission or a professional practice) but do want to
enlarge their interest and view for any reason. It is not meant to be conclusive nor exhaustive but it
wants to attract the attention of researchers and practitioners for testing and verification. Limiting to
outline the basic steps of the process, we intentionally avoided to go into details of specific means
and methods which can be used in the basic steps of the process, that is either the system
identification and delimitation (System thinking, Theory of change, Stakeholder analysis,…) and
the knowledge hybridization (interdisciplinary and transdisciplinary approaches, interdisciplinary
team working, focus groups, participatory methods, matrix of competences, …). All of these
conceptual and practical devices can be used to develop the exercise according to specific situations
and needs. We are aware of the limitation of the present work but we believe it is a further step
toward the possibility to integrate synergies coming from different expertise and existing
operational methodologies. The result we look forward is that this protocol is further applied in
different fields and situations, criticised and improved.
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BEOWARN – A WATCHING AND WARNING SYSTEM FOR CRISIS PREVENTION

Abstract
The Federal Office of Consumer Protection and Food Safety (BVL) recently developed a
watching and warning system for crisis prevention. The main goal is to prevent crises by the
early supply of information.
In an one health approach sources reporting on risks (e.g. rapid alert systems), sources that
deliver information on the crisis potential (e.g. media) and sources containing scientific
information (e.g. new opinions or risk assessments) are screened on a regular basis. Although
the focus is on food, the range of the sources includes all topics along the food chain affecting
humans, animals or the environment which hold a crisis potential.
Relevant “crisis prevention” information is stored in a knowledge database. Outputs are
reports and a newsletter for the risk managers. Informations are exchanged via an internet
platform with restricted access for the prevention network members from competent
authorities. A frequent exchange with the Emerging Risks Exchange Network (EREN) of the
European Food Safety Authority (EFSA) is also established.
Keywords
food safety, early warning, crisis prevention, emerging risks.

Introduction
The BVL performs various tasks in food safety at federal level. These include for example the
national contact points for the European Rapid Alert System for Food and Feed or for the Robert
Koch-Institute in case of food-borne outbreaks, data transmissions to the European Commission
and coordination in crisis situations. Following the EHEC Outbreak in Germany in 2011, crisis
management was revised at BVL and a unit was created to take over crisis prevention tasks.
The past has shown, that crises in food safety are associated with a lack of timely information.
Examples are new developments or consumer trends, the lack of full information to consumers
or missing data for risk assessment. The BVL is using the watching and warning system for
crisis prevention (BeoWarn) to resolve these information deficits on the food side (Schewe et
al. 2017). The goals of BeoWarn are identification of issues or risks with a high crisis potential,
prevention through early and targeted compilation of information for risk management
authorities and rapid provision of information for authorities in emergencies and crises.

Material and Methods
Sources
The sources of observation include, for example, information of other competent authorities
along the food chain, scientific institutes, rapid alert systems, epidemiological surveillance
reports and inquiries from consumers and journalists. In addition, there are numerous internet
portals, blogs, journals, newsletters from NGOs and associations, RSS feeds or websites from
official and non-official, national and international institutions as well as the TV program.
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Furthermore queries for certain keywords are carried out in search engines to continuously
identify newly published relevant documents.
Process
The identified information sources are reviewed, recorded, stored in a database and prioritized
by an interdisciplinary team with expertise in food microbiology, food chemistry, food
technology, food control, biology, veterinary medicine, epidemiology and nutritional science.
Once a week, the observations are evaluated by the entire team. Together, the team discusses
the relevance or crisis potential of the individual issues within Germany. As a result of the
meeting, the topics that are judged to be relevant are documented separately. In this context,
further action will be decided upon. If a matter is judged to be sufficiently relevant, the research
work begins. Experts will be consulted as necessary. All information is collected and clearly
arranged. The aim is an easy-to-understand summary report that provides an overview of the
relevant facts and, if necessary, it also provides background information
Communication
The reports are made available to the competent authorities in the field of food safety via an
internet platform with restricted access (Schewe et al. 2017, Becker et al. 2017). BeoWarn also
organises regular meetings with experts from the German Federal States for information
exchange in the range of a prevention network. In the time between the meetings, the members
of the network are informed about current observations via a newsletter. On European level
there is a frequent exchange of observations and signals with EREN. This European network
serves the exchange of information between EFSA and the member states on emerging or new
risks in the field of food and feed safety, as well as on the health of humans, animals and plants.
(EFSA, 2016, 2017).
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Results and Discussion
In the following a few examples of BeoWarn observations and reports with a one health
character are presented.
Increase of campylobacteriosis outbreaks due to raw milk consumption
BeoWarn has been observing a trend towards increased consumption of raw milk in Germany
since 2015. The reasons for the changed consumer behavior are, on the one hand, the easier
availability of raw milk due to the increased distribution at raw milk vending machines and
publications on the health-promoting effects of the consumption of raw milk. A research and
analysis carried out on the basis of the observation showed that there is a higher risk of
campylobacteriosis in urban and rural districts with raw milk vending machines than in urban
and rural districts without raw milk vending machines (Becker et al. 2016).
The link between campylobacteriosis outbreaks and the increasing trend towards raw milk
consumption was also evident in the BVL-led nationwide system for collecting data on foods
involved in outbreaks of disease. In Germany, the outbreaks caused by
Campylobacter spp. accounted for the largest proportion of foodborne outbreaks with high
evidence in 2015 and 2016. Compared to 2014, the number of outbreaks of campylobacteriosis
caused by raw milk has increased significantly (Rosner et al. 2016, 2017).
When raw milk is supplied to consumers, the requirements of the Regulation on hygiene
requirements for the production, treatment and placing on the market of certain foodstuffs of
animal origin must be met. As a risk management measure to reduce the number of
campylobacteriosis outbreaks, a federal statewide project group prepared a leaflet to inform
farmers and operators of raw milk vending machines. To protect and inform consumers, the
risks posed by raw milk and the need to boil raw milk before consumption have been
communicated.
Possible contamination of fruits, vegetables and mushrooms with Echinococcus multilocularis
E. multilocularis is a tapeworm, which may cause human alveolar echinococcosis, one of the
most dangerous parasitic zoonoses, characterised by a high fatality rate. The incubation time of
the disease can vary between less than 5 and 15 years. The initial phase is always asymptomatic.
Human alveolar echinococcosis is an emerging disease (Lass et al. 2015).
In 2016 BeoWarn observed the results of a study which was conducted in a Polish region with
the highest level of E. multilocularis prevalence (50%) in foxes and the highest number of
human alveolar echinococcosis. The study showed that over 23 % of food samples, taken by a
risk-orientated approach, were positive for E. multilocularis DNA. Especially raspberries from
plantations were found to be contaminated (Lass et al. 2015). Due to the trend of raw
consumption of vegetables and mushrooms with a simultaneously growing and spreading fox
population as a reservoir of E. multilocularis, an increased exposition is to be expected.
However, there is no validated standard method for the detection of tapeworm eggs on food.
The methods used in the first studies so far are critically discussed among the scientists. The
method development is therefore urgent. Furthermore, no statement on the infectivity of
possibly existing tapeworm eggs can be made by the sole DNA detection. The BeoWarn team
therefore created an information package for the prevention network and contributed the topic
to EREN. The discussion in the network revealed that the issue of a possible transmission of
tapeworm eggs by at ground level growing fruits and vegetables was classified as an emerging
problem. EFSA is currently reviewing the epidemiological and geographical relationships
between human and animal echinococcosis and the analytical methods available for food.
Furthermore, the aim is to develop a validated method for the analysis of food for E.
mulitlocuclaris eggs (EFSA, 2017).
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Residues of insecticides from the control of Zika virus on vegetable foodstuffs
After a request from a German Federal State in the prevention network, BeoWarn became
active in this area. Since the end of 2015, the Zika virus has been spreading massively in
Latin America and Southeast Asia. For this reason, the World Health Organization (WHO)
declared a Public Health Emergency of International Concern in 2016 from February 1st to
November 18th. As a result, the WHO and the Center for Disease Control and Prevention of
the United States (CDC) recommended the use of pesticides - especially insecticides - to
combat the Zika virus vectors in the relevant epidemic areas. The pesticides recommended by
the WHO and CDC are not novel active ingredients. They are already being used to eliminate
other vectors. In this context, the increased use of the aforementioned means for combating
the Zika epidemic is particularly important. However, there was no certainty as to the regional
application of the pesticides and the harvests possibly affected by them. Even if these
chemical substances were not explicitly used as pesticides, they can still be introduced into
the food chain.
Due to the constantly growing demand for plant foods and the desire for year-round
availability, these are exported without restrictions from Latin American countries and thus
from the affected epidemic areas. Through global trade, exports reach the European Union
(EU) and German trade. A comparison of the recommended agents of WHO and CDC with
those authorised in the EU showed that eight out of a total of 23 pesticides do not comply
with current EU legislation. Within the scope of a BeoWarn research, the analysis of the
seven most important export countries for plant-based food in Latin America for the year
2015 was carried out for Germany. In order to check which of the pesticide residues occurred
in the exported plant foods of these countries, the official pesticide test results of Germany for
the year 2015 were analysed. In 2015, only one non-authorised pesticide was detected on
foods from Brazil. However, this was before the Zika epidemic.
The compiled information package was made available to the prevention network. The topic
was also passed on to EREN as a signal. As a result EREN extended its research to the
European level. Due to the incomplete data situation, no conclusion could be drawn for 2016
at the time of the EREN meeting. EREN members have been asked to provide data on nine
pesticides in plant foods that before had not been tested under the European pesticide control
plan or at border controls. If EFSA detects an increase in exposure, a proposal will be made to
extend the European control plan on pesticide residues.
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Targeting Effective US Antibiotic Stewardship Programs:
What Data Do We Need and What Can We Learn from Data We Have?
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The US Center for Disease Control (CDC 2013) estimates that each year at least 2 million people are
infected with antibiotic-resistant bacteria resulting in 23,000 deaths, $20 billion (2008 dollars) of excess
direct healthcare costs, and $35 billion of lost productivity. The CDC identifies over-prescription of
antibiotics as the ‘single most important factor leading to antibiotic resistance in the world,’ (p. 11). Up
to 50% of all antibiotics prescribed for people have been either unnecessary or not optimally effective,
and antibiotics prescribed for food animals have served purposes beyond managing infectious diseases,
such as promoting growth. Consequently, the CDC recommends improving stewardship of antibiotics as
the ‘single most important action needed to greatly slow down the development and spread of antibioticresistance infections’ (p. 31).
1.

What data do we need?

To formulate an effective antibiotics stewardship program, the CDC must accurately measure the burden
of antibiotic-resistant outbreaks, and attribute them to antibiotic use in human health or food-animal
production through time (Figure 1). This requires time series records measuring: (1) the use of a
particular antibiotic in human health and food production; (2) the populations of resistant and susceptible
bacteria in each use while accounting for interactive dynamics whereby some bacteria can give their
resistance to other bacteria; (3) the transmission of resistant and susceptible bacteria through community
interactions (human health) and the food chain (food-production animals); and (4) the burden of humanhealth and foodborne/wasteborne outbreaks linked to antibiotic resistance or susceptible bacteria.
Surprisingly, given supposed severity of the antibiotics-resistance problem, critical data gaps exist at all
of these linkages, and data have not been, or are being, systemically collected (Centner 2016; CDC 2013).

Figure 1. What data do we need?

2. What can we learn from available data?
To help prevent infections and the spread of resistance, the CDC monitors trends in foodborne infectious
outbreaks (CDC 2013) by compiling “Annual Summaries of Foodborne Outbreaks” (1966-2015). The
annual summaries consistently collect data on total outbreaks, total cases, outbreaks attributed to beef,
pork, dairy, and plants (i.e., vegetables, fruits, nuts, salads), and outbreaks by specific etiologic agent.
The outbreaks are not broken down into whether they were due to resistant or susceptible agents. We
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downloaded individual CDC reports (https://www.cdc.gov/fdoss/annual-reports/index.html), and
recorded the data into an Excel spreadsheet.
We also lack time series records on antibiotics use in animal agriculture, but have data on other market
variables. We downloaded USDA records on food disappearance into the marketing system (million
pounds),often used as a proxy for consumer demand (https://www.ers.usda.gov/data-products/livestockmeat-domestic-data/livestock-meat-domestic-data/#All%20supply%20and%20disappearance . We also
downloaded USDA/NASS beef and hog prices ($/cwt) (http://www.nass.usda.gov/index.asp ). The
annual CDC and USDA records span 50 years (1966-2015).
Available data do not suffice for us to directly investigate the spread of antibiotic resistance in animal
agriculture, and its impact on human health. However, we can investigate two related policy questions:
First, do consumers reduce demand for products responsible for foodborne disease? The law has been
slow to regulate antibiotic use in agriculture, does the market provide an alternative private regulatory
control? If so, we have reason to expect that consumers might respond positively to labeling of antibioticfree meat products—a popular policy option (Centner 2016). Such empirical evidence also would
corroborate survey evidence regarding consumer’s willingness to pay for antibiotic-reduced foods
(Goddard et al. 2017). Second, which foods are chiefly responsible outbreaks by particular etiologic
agents, and thus should be policy targets? Recently, the CDC began publishing ‘Food-Germ Pairs
Causing Outbreaks’ for a given year. We investigate the long-term dynamics of such pairings.
3. Phase Space Reconstruction
We must wring the answers to these
questions from relatively short time series records that are volatile and appear
more random than systematic (Fig. 2,
black curves). A conventional empirical
assumption is that volatility is due to
stochastic forcing of linearly-stable realworld systems by exogenous random
shocks (Uusitalo et al. 2015). However,
this is not necessarily the case—results
from nonlinear dynamics prove that
highly irregular and complex system
dynamics can be endogenously forced by
deterministic nonlinear behavior. The
source of volatility in our time-series
records makes a profound difference in
our analysis. In a linear-stochastic world,
we look for randomly-drifting
Figure 2. Time series plots
interactions among foodborne-disease
system variables. In a nonlineardeterministic world, we look for state-dependent interactions that depend mechanistically on the levels of
system variables—the systematic interactions of interest to the cause-and-effect emphasis of public
policy. Since neither world is compelled by theory, we let the data guide the selection. This approach is
compatible with the initial inductive stage of the classic scientific method in which “[scientists] are
presented with observations and asked to build theories…to go backward, to solve for [the system] that
made them” (Ellenberg 2015).
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The discipline of nonlinear dynamics has mathematically solved the backward problem of reconstructing
system dynamics from observed output when the underlying equations are unknown. Nonlinear Time
Series Analysis (NLTS) applies this empirically to reconstruct real-world system dynamics from observed
time-series records when the real-world system is unknown (Kantz and Schreiber 1997; Huffaker et al.
2017). The major result is Phase Space Reconstruction: Phase space dynamics1—which early
practitioners thought required all system variables—can be reconstructed from only a single system
variable with its lagged copies serving as surrogates for omitted system variables (Takens 1980). We
construct an embedded data matrix from an observed
time series whose first column is the time series and
remaining columns are lagged copies. For example, the
3x3 embedded data matrix for the time series x(t) =
(1,2,3,1,2) with a time delay of a single period
(embedding delay) and three lagged copies (embedding
dimension) is shown in Fig. 3 (shaded observations are
lost in the lagging process). The rows of this matrix are
Figure 3 Phase space reconstruction from data
the multidimensional points of a trajectory on the
reconstructed phase space attractor. Phase space
reconstruction has been generalized so that real world attractors can be reconstructed from combinations
of observed co-variates and their lagged copies (Deyle and Sugihara 2011). We statistically tested the
likelihood that apparent structure in reconstructed attractors is due to stochastic forcing rather than
deterministic nonlinear dynamics with surrogate data (Kantz and Schreiber 1997). Finally, we used
multivariate attractors reconstructed from our foodborne-disease dataset to empirically detect interactions
among co-variates over time with Convergent Cross Mapping (Sugihara et al. 2012), and characterize the
nature of detected interactions with Empirical Dynamic Modeling techniques (Deyle et al. 2018).
4. Data preprocessing
To improve the performance of phase space reconstruction, we filtered noise from standardized time
series records with Singular Spectrum Analysis (Golyandina and Korobeynikov 2014). This is a signal
processing method that separates structural variation (signal) from unstructured variation (noise) in time
series records, measures the strength of isolated signals, and tests strong signals for nonlinear stationarity
required by NLTS (Itoh and Marwan 2013). The signals that we isolated in the data are shown in Fig. 2
(red curves). Of these, only beef and pork prices were found to be nonstationary for NLTS purposes, and
thus were dropped from further analysis. We used remaining stationary signals to reconstruct real-world
foodborne-disease dynamics from our dataset.
5. Volatility in the foodborne-disease data is mostly likely due to deterministic forcing
In Fig. 4, we show a real-world foodborne-disease attractor
reconstructed from the beef-outbreak record and two lagged copies
separated by a one-period delay. The attractor passed surrogate
testing, and thus provides empirical evidence that volatility in the
data is most likely forced by nonlinear deterministic dynamics.
The attractor comprises the low and high frequency oscillations
characterizing time series records in Fig. 2.

Figure 4 Foodborne-disease attractor

1
Phase space graphically portrays deterministic system dynamics. System variables serve as coordinates, and trajectories
connecting their levels in each time period (the states of the system) depict their co-evolution through time. In dissipative
dynamic systems, these trajectories evolve long-term along an attractor bounded within a subset of phase space.
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6. Network interactions among foodborne-disease co-variates
In Fig. 5, we show a community network diagram that
summarizes detected interactions. The nodes of the
diagrams correspond to stationary co-variates found to
be forced by deterministic dynamics, and the arrows to
detected interactions. Of particular interest to the
questions that we pose above, beef and pork outbreaks
drive consumer demand for pork but not for beef in the
data. We also see that beef and pork outbreaks drive
outbreaks by E.coli, allowing us to investigate the
historic contributions of beef and pork to E.coli
outbreaks. Interestingly, we also detect interactions
among the etiologic co-variates, providing empirical
Figure 5. Community interaction diagram
evidence that outbreaks can possibly be caused by
multiple pathogens (Smith et al. 2004), and pathogen-pathogen interaction (Singer 2010).
7. Impact of beef and pork outbreaks on consumer demand for pork
Figure 6 shows dynamic interactions characterized with partial derivatives numerically computed in each
time period from embedded data matrices reconstructing phase dynamics from various perspectives. The
first question that we posed above is whether consumers reduce demand for products responsible for
foodborne disease. Fig. 6a scatterplots the marginal response of pork demand in each time period to beef

Figure 6 Characterization of detected interactions

outbreaks (vertical axis) against its marginal response to pork outbreaks (horizontal axis). We see that the
marginal response to beef outbreaks is negative for most time periods, indicating that pork demand
marginally decreases in response to an incremental increase in beef outbreaks. We might intuitively
expect the opposite—that pork demand would increase as consumers substitute away from beef during
beef outbreaks. However, consumers might substitute beef for pork in response to falling beef prices
during beef outbreaks with the expectation that stores will protect them from illness by removing tainted
products from their shelves. Fig. 6a also shows that the marginal response of pork consumers to pork
outbreaks is both positive and negative over time, and that this response does not exhibit any systematic
relationship with the response to beef outbreaks. Positive response could be driven by falling pork prices
that overwhelm health concerns, and negative response could reflect the opposite. A negative response
provides a clear incentive for pork producers to avoid outbreaks and thus provides a private market-based
regulatory control. Whether a positive response provides the same market control depends on whether
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total industry revenue rises in response to the offsetting impacts of increased sales and reduced prices,
which in turn depends on the price elasticity of demand for pork. Moreover, we would not expect
consumers putting more weight on falling pork prices than health concerns during pork outbreaks to be
willing to pay more for antibiotic-reduced foods, while consumers weighing in the opposite direction
might be willing to pay such a premium. These are empirical questions.
The second question that we posed is: Which foods are chiefly responsible outbreaks by particular
etiologic agents, and thus should be policy targets? The interactions detected between E.coli and beef and
pork outbreaks in the community interaction diagram allows us to ask this question for E.coli outbreaks.
Fig. 6b scatterplots the marginal response of E.coli outbreaks to beef outbreaks (vertical axis) against its
marginal response to pork outbreaks (horizontal axis) in each time period. We see that the responses are
negatively correlated (R2 = 0.38), indicating a tradeoff between beef and pork as sources of E.coli
outbreaks. We also see that most scatter points rest in the quadrants of the plot for which incremental
increases in pork outbreaks marginally increase E.coli outbreaks, providing evidence that E.coli has a
larger marginal response to pork than beef outbreaks.
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CAN CLUB THEORY EXPLAIN THE IMPLEMENTATION OF FOOD SAFETY
ASSURANCE SYSTEMS?

Chair: Griffith, Garry Richard (University of New England, Australia)
Discussant: Goddard, Ellen (University of Alberta)
Food value chains consist of businesses that collaborate to progressively create value for the
final consumer. With increasing affluence and education consumers have higher expectations
and requests with respect to the product and process quality of their food. In some situations,
it pays an individual firm to invest alone to meet those demands, or the chain governing firm
will make the investment and recoup that investment through contractual arrangements with
suppliers. However in other situations, certain members of the chain consciously and
deliberately decide to take joint action to provide particular types of goods or services. Such
goods are at least partly excludable and at least partly congestible and they are provided
jointly because it is too costly to do so individually.
In the wider economy, these goods are called club goods or collective goods and there is a
vast literature describing and characterizing these types of arrangements, ranging from local
sporting clubs to multinational institutions. Recent work has examined how these concepts of
club theory can be used in describing and assessing the structure and operation of food value
chains. The concepts of chain failure, chain goods and chain externalities have been proposed
as the value chain equivalents of market failure, public goods and social externalities found in
the wider economy.
In this session, we first provide an overview of club theory and its value chain equivalent,
followed by findings from a recent analysis of food markets in Australia and Germany in
which we assess whether this theory can provide an approach to recognizing and overcoming
chain failure in these markets. We show that there are many cases of past investments in food
value chain innovations, and in current food industry responses to consumer and community
concerns such as food safety or animal welfare, that could be explained by the theory. That is,
individual businesses have formed a club within a value chain to collectively design and
provide a chain goods solution to a chain failure. We found this was more likely to occur
where there are significant chain and external costs, and hence where collective solutions are
required. Such action was also more likely to occur at upstream rather than downstream
stages of the chain, where there was relatively less regulatory control of the chain, and where
the governance structure of the chain was relatively loosely rather than tightly controlled.
We propose that food safety incidents can be considered as examples of chain failure, and
that the systems and mechanisms within food value chains that assure adequate levels of food
safety are examples of chain goods. In the remainder of this session, we apply the concepts of
chain failure, chain externalities and chain goods in two different retail environments,
Australia and Germany, to understand how food safety assurance mechanisms and processes
can be implemented in a co-ordinated action among food chain actors to assure consumers
that the food they buy is safe.
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Presentations of the Symposium
Food Safety Assurance Systems as Chain Goods
Griffith, Garry, Fleming, Euan, Mounter, Stuart, Baker, Derek
University of New England
The theory of clubs provides the rationale for why certain members of a population
consciously and deliberately decide to take joint action to provide particular types of goods or
services. Such goods are at least partly excludable and at least partly congestible and they are
provided jointly because it is too costly to provide such goods individually. These goods are
called club goods or collective goods. In recent work we have been examining how these
concepts can be used in describing and assessing the structure and operation of agricultural
and food value chains. The concepts of chain failure, chain goods and chain externalities have
been proposed as the value chain equivalents of market failure, public goods and social
externalities found in the wider economy.
We have systematically analyzed key food markets in Australia and Germany and elsewhere
to test whether club theory can help provide an alternative approach to recognizing and
overcoming chain failure in these markets. We found that there were many cases of past
investments in food value chain innovations, and in current food industry responses to
consumer and community concerns such as animal welfare, that could be explained by the
theory. That is, individual businesses have formed a club within a value chain to collectively
design and provide a chain goods solution to a chain failure. We found this was more likely
to occur where there are significant chain and external costs, and hence where collective
solutions are required. Such action is also more likely to occur at upstream rather than
downstream stages of the chain, where there was relatively less regulatory control of the
chain, and where the governance structure of the chain was relatively loosely controlled
rather than tightly controlled. We also found that there are two particular issues that require
further consideration. One is the nature of risk in agricultural value chains, and how it is
related to member preferences, and the other is the specific form of collective action to be
taken by agricultural value chains in the future.
Food safety is of concern to all food value chains. In this paper we assess whether these
concepts of chain failure, chain externalities and chain goods can assist value chain
participants to understand how food safety assurance mechanisms and processes can be
implemented within a club format to convince food consumers of the health quality status of
the purchases they are making. Subsequent papers apply these principles to particular food
safety issues in Australia and Germany.
Implications of chain failures when marketing meat with production and process
attributes in Australia
Umberger, Wendy, Malek, Lenka
University of Adelaide
In Australia, demand is growing for food products marketed with claims about ‘where’ and
‘how’ food was produced, processed and distributed; as well as how humans, animals, and
the environment were impacted. This is particularly true for meat and other livestock
products. The demand growth for food products with these attributes may be driven, in part,
by consumers’ perceptions about both private benefits and public/social benefits.
The marketing of meat products with these credence attributes (attributes that the consumer
cannot evaluate unless information is provided), creates policy and food chain governance
issues for both the private and public sector. Consumers must trust and rely on the seller to
provide truthful information and for the information to be passed through the chain. As a
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result, there is a high degree of information asymmetry. Searching for information can be
costly for an individual consumer or firm. Sharing information about food production and
procurement is not a simple task, particularly for livestock products that are processed or
exchange ownership many times before making it into the shopping baskets of the consumer.
Furthermore, because food products marketed with credence attributes are often valued
higher by consumers, they are generally sold at a premium price over conventional products.
Thus, without appropriate chain governance systems in place to establish production and
process criteria and methods for verifying credence claims, some producers may take
advantage of market opportunities without changing their production systems.
In this paper we add to the discussion on whether club theory provides insight to explore
alternative governance approaches to overcoming chain/market failure issues in Australian
meat markets. We analyse nationally representative data collected from over 2300 consumers
during November and December in 2015 and 2017 to provide insight on the type and extent
of chain failure that exists due to the marketing of various credence claims. We explore
consumer perceptions of various claims, with particular focus on claims (e.g. organic and free
range) that at least some consumers perceive to offer enhanced food safety and to address
social concerns. This perception information is helpful to understand the extent of the chain
failure. Then, through a unique econometric analysis of purchasing behaviour and sociodemographics we provide policy advice on governance systems that may help to address
chain failure issues.
Australian meat markets present an interesting case study as there is increased marketing of
meat products with credence claims that are perceived by consumers to address private food
safety and quality concerns, as well as public or social concerns, but there are only
government (public) standards for two credence claims, ‘organic’ and ‘free range’, and
products may be sold with these claims without providing proof of certification.
Establishing higher private standards for residues by market forces
Simons, Johannes
University of Bonn
Food safety as a credence attribute is difficult to access by consumers themselves. Moreover
their knowledge about residues, their impacts on human health and the public food safe-ty
regime is generally low. Nevertheless food safety is a very emotional issue in public debate.
Science can hardly prove that food is safe. Based on scientific studies it is possible to provide
evidences or no evidence for risk but no evidence for risk does not mean that food is safe.
Public debates about BSE and genetically modified food as well as several WTO disputes are
good examples of conflicts in this area and of the limits of science in the context of food
safety policy.
Food safety policy can take scientific uncertainties into account by applying the
precautionary principle. In this regard public standards reflect a societal compromise which
applies for all market participants. In German fruit and vegetable markets however retailers
established higher standards than the public ones. Given that the overwhelming share of fruits
and vegetables is marketed via these retailers, the private standards have a big influence on
the organisation of the respective value chains.
The development of higher private standards was driven by different, interdependent factors.
First, for some consumers governmental food safety policy is not safe enough. They argue
that “no scientific evidence for a risk” does not mean “no risk” and as a consequence the
precautionary principle should be applied to a greater extent than in public standards. Second,
NGOs fuel the uncertainty of consumers by imposing standards in their food quality and
safety tests. Moreover they name and indirectly blame retailers and well-known brands if the
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products they sell are not in line with the higher standards. Third, retailers in Germany face a
high level of competition. Moreover, a high level of fixed costs in the retail sector leads to a
disproportional large change in profits as a result of a change in market share. Therefore
customer retention and acquisition play an outstanding role in the strategy of retailers and
their reputation is considered as a relevant competitive factor. As Germany is a large market
for fruits and vegetables and retailers are focal companies in the fruit and vegetable value
chain they have to power to enforce higher private standards and to influence the organisation
of the value chain.
In conclusion it becomes clear that market forces can lead to residue standards that are stricter
compared to public ones and almost mandatory for suppliers. The development in Germany is
driven by interplay between consumers’ uncertainty, NGOs activities, competition between
the retailers, and the power of retailers to enforce the higher private standards. Still it is
contentious whether the private standards lead to more food safety.
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INNOVATIONS TO REDUCE BACTERIA AND ANTIMICROBIAL RESISTANCE FROM
FARM TO FORK

Introduction:
Dr. Hanns-Christoph Eiden (President, Federal Office for Agriculture and Food)
Moderation:
Dorothea Weißengruber (Federal Office for Agriculture and Food)
Abstract
The German food industry is under competitive constraints on both national and international
markets. To drive forward technical progress and, thus, improve the market position of small
and medium-sized enterprises, the German Ministry of Food and Agriculture funds research
and development projects within its innovation support programme.
This programme supports technical and non-technical innovations in Germany with a special
focus on food, agriculture and consumer health protection.
In the last years, several projects have been funded in the fields of reduction of antimicrobial
resistances and improving food safety by the reduction of bacteria in the food chain.
In the first part of the session the German innovation support programme will be introduced.
Subsequently three projects focusing on innovative approaches to reduce bacteria and
antibiotic resistance along the food supply chain are presented:
- EsRAM: Development of measures for reduction of antibiotic resistant bacteria along
the entire poultry production chain.
- Evitar: Development and implementation of an evidence-based therapy and consultancy
concept to reduce the use of antibiotics and to minimize antibiotic resistance in dairy
farming.
- 3Plas: Plasma-based decontamination of dried plant-related products for an
enhancement of food safety.
As a project initiator, the Federal Office for Agriculture and Food manages the above projects
on behalf of the German Ministry of Food and Agriculture.
Keywords
Project funding, Innovation Support Programme, Federal Office for Agriculture and Food,
food safety, antimicrobial resistance
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Abstract
Antibiotic-resistant bacteria (e.g. Extented spectrum btea-lactamase producing E. coli; ESBL)
can occur at all stages of poultry production after horizontal or vertical transfer. The goal of
the joint research project "EsRAM" is the development of products, processes and measures
for the reduction of transfer and of development of antibiotic resistant bacteria along the
entire poultry production chain. The overall product of the EsRAM project is "poultry meat
with a reduced burden of antibiotic-resistant bacteria, particularly ESBL". Individual
measures or products to be developed are: i) new and improved methods and technologies for
disinfection of hatching eggs and for hatchery management to reduce the vertical transfer of
ESBL, ii) Methods for decontamination of faeces from poultry farming in terms of antibioticresistant bacteria, iii) Development and optimization of housing factors, hygiene measures
and feeding regimes and their combinations to reduce the prevalence of ESBL in broilers, iv)
Development of an effective defined Competitive Exclusion Culture for significant reduction
of colonization of ESBL in broilers, v) Development of prebiotics, probiotics and phytogenic
additives to reduce the colonization in the intestine of broilers with ESBL, vi) Optimization of
existing and development of new methods and technologies for the slaughter and processing
of poultry, as well as optimization of the slaughter and processing management to reduce the
vertical and horizontal transfer of ESBL, and vii) Development of an data-based electronic
assessment tool for the assessment of procedures and measures for a synergistic production of
antibiotic-resistant pathogens (e.g. ESBL) throughout the entire poultry production chain. The
effects of these individual measures and their combination are validated with regard to the
contamination of poultry meat. The results achieved so far will be presented.
Keywords
Antibiotic-resistant bacteria, ESBL, poultry production, horizontal and vertical transfer, food
additives
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Introducing an Evidence-Based Mastitis Therapy Concept to a
Conventional Dairy Farm

Anne Schmenger, Stefanie Leimbach, Volker Krömker
Microbiology, Fac. II Bioprocess Engineering, University of Applied Sciences and Arts,
Hannover, Germany
Abstract
The EVITAR project (Development and implementation of an evidence-based therapy and
consultancy concept to reduce the use of antibiotics and to minimize antibiotic resistance in
dairy farming) was conducted to achieve a long-term change in antimicrobial treatment (AT)
patterns of dairy farmers to decrease antimicrobial usage and to minimize the risk of potential
antimicrobial resistances. Basis for this was an evidence-based mastitis treatment (EBMT)
concept for which a novel rapid culture system was developed.
The new on-farm culture test (mastDecide®, QUIDEE GmbH) was established in eight dairy
farms in Northern Germany from September 2016 until February 2018 coupled with an EBMT
concept. Study design was a comparison of bacteriological cure rates (BCR) and antimicrobial
doses before and after introduction of the novel concept. During the preliminary phase, all
clinical mastitis cases were cytomicrobiologically analyzed and the current therapy concept was
recorded. Aim of the study was to investigate the effect of the implementation of a rapid testbased therapy concept on antimicrobial consumption, BCRs and antimicrobial resistance
development.
The new test system mastDecide® consists of two tubes containing different culture media. The
first one verifies the growth of Gram-negative (esp. coliforms) and Gram-positive cocci, the
second one exclusively the growth of Gram-positive cocci, illustrated by a decoloration after
12 to 14 hours. The therapy concept implied a differentiated intramammary AT (IAT) based on
the test result. Only mastitic udder quarters with a Gram-positive test result received an IAT.
Furthermore, therapy unworthy cows (third mastitis in lactation; somatic cell count (SCC)
thrice above 700.000 cells/ml) did not receive IAT. Systemic AT was used only in cases of
severe mastitis.
Quarter foremilk samples were taken immediately after the appearance of clinical mastitis signs
(day 0) as well as on days 14 and 21 (+/- 3) as control samples for cytomicrobiological analysis.
A quarter was recognized as bacteriologically cured if the mastitis-causing pathogen was absent
in both control samples. Farm personnel performed and evaluated the results of mastDecide®
independently and directly on farm. Test results and the following AT were recorded. Dairy
producers were free to choose the pharmaceutical agents.
The implementation of the concept varied between farms. Before implementation of the EBMT
concept to Farm A, which was characterized by the greatest compliance to the study protocol,
90 % of the affected quarters received IAT and the BCR was 81 % (n=186). After
implementation of the EBMT concept, the intramammary administration of antimicrobials
decreased to 33 % of the affected quarters, while the BCR remained unaffected at 83 % (n=431).
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The EVITAR project was supported by funds of the Federal Ministry of Food and Agriculture
(BMEL) based on a decision of the Parliament of the Federal Republic of Germany via the
Federal Office for Agriculture and Food (BLE) under the innovation support programme.
Keywords
Clinical mastitis, selective treatment, on-farm culture, evidence-based therapy, therapy concept
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Introduction

In the dairy industry, bovine mastitis is the most common cause for antimicrobial consumption
(Kuipers et al., 2016). The painful disease does not only affect animal welfare but also causes
great economical losses mainly due to milk yield lost and increased culling rates (Pol and
Ruegg, 2007). Over the last decades, low SCC and a maximum cure rate were the only aims to
pursue, which lead to relatively low treatment criteria and a mostly blanket AT for every cow
with clinical signs (Vaarst, 2002). Although present research has shown no alarming increase
of antimicrobial resistance of mastitis-causing bacteria (GERMAP, 2016), there is an exerted
pressure through public concerns to reduce antimicrobial usage in the dairy production equal to
other medical sectors (Krömker and Leimbach, 2017). Achieving long-term changes in
treatment decisions of farmers, new strategies and tools are needed to support and motivate
producers (Lam et al., 2012). An EBMT concept can be an effective option to save antimicrobial
doses compared to conventional therapy concepts while keeping cure rates constant (Mansion
de-Vries, 2016).
Basis of the EBMT concept is to skip antimicrobial substances if the application is useless.
Identification of those cases demand knowledge concerning the individual cow as well as the
mastitis-causing pathogen. Cows with mastitis caused by Gram-positive pathogens, esp.
streptococci and staphylococci, benefit from an AT significantly (Roberson et al., 2004).
Mastitis, caused by Gram-negative bacteria, especially coliforms, are characterized by a high
self-cure rate and consequently do not necessarily require antimicrobials in mild to moderate
cases (Suojala et al., 2010). Moreover, 30 % or greater of clinical mastitis samples exhibit
culture-negative outcomes. An AT in those cases should be questioned (Oliveira and Ruegg,
2014). As a laboratory examination takes at least 48 hours identifying the mastitis-causing
pathogen, on-farm rapid tests are a necessary tool for implementing a selective AT. Preceding
clinical trials compared outcomes of a selective AT in a test group with those of a blanket AT
(Lago et al., 2011; Mansion de Vries et al., 2016). Saving up to 60 % of the amount of
antimicrobials due to a selective treatment in the test group, animals showed no differences in
bacteriological cure in comparison to animals with blanket AT.
Aim of this present study was the implementation of a practical EBMT concept using a rapid
on-farm test. Focus was on reducing antimicrobial consumption in the long term while keeping
the BCRs unchanging. On this account the study design was a comparison of BCRs and
antimicrobial doses before and after introducing the EBMT concept to the farms. The novel
rapid tube test system mastDecide® (QUIDEE GmbH, Homberg, Germany) was performed
and evaluated directly by farm personnel. After an incubation of 12 hours a classification of the
mastitis-causing pathogen with respect to Gram-positive, Gram-negative or no bacteriological
growth was feasible.

59

2

Material and Methods

2.1

Farm, Mastitis Definition, Sampling, Preliminary Phase

The study was conducted on eight free-stall dairy farms in Northern Germany from November 2015 to
February 2018. Farms differed in herd size, farm structure (family business, dairy personnel), milking
system (conventional, milking robot), and type of production (organic, conventional).
Classification of the mastitis severity score (MS) was done as followed: MS 1 if there was only change
in the appearance of milk, MS 2 in the case of additional local clinical signs of the udder and MS 3 for
cows with general clinical signs (fever, lack of appetite).
During the preliminary phase from November 2015 to September 2016, all clinical mastitis cases and
the respective treatment of the cows were recorded. After detection of a clinical mastitis, farmers took
a foremilk sample antiseptically. Post-treatment quarter samples were taken after 14 (+/-3) and after
21 (+/-3) days. Samples were stored refrigerated and were send to the laboratory of the University of
Applied Sciences and Arts Hannover, Germany, for the conventional microbiological diagnostic
examinations according to the GVA (2009). Antibiotic resistances were determined by agar diffusion
tests and by analysis of the minimum inhibitory concentrations of a panel of isolated pathogens
(Staphylococcus aureus, Streptococcus uberis, Escherichia coli, other coliforms).

2.2

Evidence-based Therapy Concept

Three decision points result in the recommended AT: first point is the clinical appearance,
second the animal-related factors, and third the pathogen-related factors.
1. Mastitis score: Cows with serve mastitis (MS 3) immediately get systemic antimicrobials
and supportive fluids. IAT of mild to moderate cases (MS 1, MS 2) delay while the result
of the rapid test is pending. A decision concerning the IAT of all grades is done after
receiving the result of mastDecide®, 12 hours after diagnosis (point 3).
2. Therapy worthiness: Cows with high SCC (>/= 700,000 SCC/ml) in the previous three
monthly dairy herd improvement data or with more than two mastitis cases in the actual
lactation are covered by the definition of therapy unworthy cows. Those animals receive no
further local AT because of their small chance of bacteriological cure.
3. Mastitis-causing pathogen: Out of the remaining therapy-worthy cows, only those with
Gram-positive test result receive IAT, while udder quarters with Gram-negative test result
or no verified bacterial growth stay untreated.
Furthermore, every cow receives a NSAID treatment immediately after detecting the clinical
mastitis for up to three days. [Image 1; Decision Tree]
2.3

Rapid on-farm Test mastDecide®, Test-Phase

From September 2016 to February 2018 the new treatment concept and the rapid test were tried
and tested by the dairy employees. Sampling was done as supplied in the preliminary phase.
Farms were visited by a veterinarian, explaining background knowledge and the recommended
therapy concept. For performing mastDecide®, clean working areas were set up in separate
office rooms. Every person who would former use mastDecide® tested it several times under
direction. Herd manager filled in a protocol about every mastitis case, containing the mastitis
severity score, the test result, information about the therapy worthiness of the animal, and the
conducted treatment. Usage of the on-farm test and evaluation of the results were done directly
on farm by the trained dairy personnel.
2.4

Definitions

Bacteriological cure was defined if the mastitis-causing pathogen of the mastitis sample was
absent in both post-treatment quarter samples 14 (+/-) and 21 (+/-) days after diagnosis.
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3

Results and Discussion

Due to great differences between the EBMT concept and the previous therapy concepts
compliance of implementing the new concept varied between farms. Therefore, only results of
farms will be presented where not only the rapid test was implemented but also all aspects of
the EBMT concept. In the preliminary phase, 90 % of the affected quarters received IAT. The
BCR was 81 % (n=186). In the test phase the intramammary administration of antimicrobials
decreased to 33 % of the affected quarters, while the BCR was 83 % (n=431). No changes of
other udder health key performance indicators (culling rate (90 d), new infection rate, rate of
incurable animals) occurred in the period of the study. There are clear indications for an
increasing antimicrobial susceptibility of mastitis-causing bacteria, esp. Gram-negatives, to the
tested antibiotic agents.
The results of this study suggest that implementation of an EBMT concept on a conventional
dairy farm can safe antibiotic doses with unaffected BCRs. Besides those positive outcomes
regarding the behavioural change of treatment decisions, the implementation implies extra
efforts due to checking the animal related factors, taking milk samples, performing
mastDecide®, and intense monitoring of sick cows. Furthermore, delayed treatment while
pending results of the rapid test can be challenging if multiple persons are involved in the
treatment. Conditions for a successful implementation are constant documentation and
communication. Another difficulty exist through most farmers believes that a cow´s prognosis
for cure will get worse while waiting 12 hours for test results (Neeser et al., 2006). For years
blanket AT seemed to be the only option for a high standard of udder health, removing those
doubts must be seen as a longer process.
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Abstract
Cold atmospheric pressure plasma (CAPP) has been used in the food industry since the 19th
century for disinfecting water based on the generation of ozone. In recent years, the interest in
cold plasma processing as an emerging non-thermal technology in food production has
increased. Plasma is defined as an (at least partially) ionized gas and is sometimes called the
fourth state of matter. Depending on the system configuration and the feed gas used, plasma
consists primarily of different reactive components: such as ions, free electrons, photons and
atoms. Due to the wide variety of cold plasma systems, CAPP opens up fundamentally new
possibilities for food processing and can be applied at different points along the food chain; for
production, modification, and preservation, as well as in packaging of plant- and animaloriginated food.
The objective of the research project ³Plas is to ensure the safety of dry products using CAPP,
while maintaining product quality. Besides the microbiological safety, this includes the
physico-chemical assessment of the treated products. A prototype containing a microwave
based plasma source is constructed and will be tested on a pilot scale regarding feasibility. To
initialize the subsequent industrial implementation of the overall project, the two major plot
lines are: i) process design and technical implementation in pilot scale (INP Greifswald, Theilen
Maschinenbau GmbH and CZIOTEC GmbH); ii) process monitoring and product safety (ATB
Potsdam, First Sensor AG). Both sub-projects are carried out in close interaction between
industry and research partners, thereby a high practice relevance of the solutions is ensured.
Among others, wheat grains, pepper, and oregano are exemplary tested products for the research
study on tailored plasma processes and the recent status of the project work will be presented.
Additionally, the regulatory issues and further requirements for successful implementation of
cold plasma technologies in food processing will be discussed.
Keywords
Cold atmospheric pressure plasma, food safety, dried food disinfection
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INNOVATIVE APPROACHES FOR EXPLORING THE APPRAISAL OF NOVEL
TECHNOLOGIES

Chair(s): Baum, Chad M. (University of Bonn, Germany)
Discussant(s): Baum, Chad M. (Institute of Food and Resource Economics, University of
Bonn)
“How safe is safe enough?” This ostensibly simple question from Starr (1969) is credited
with launching the research agenda on technological risk. In particular, if we judge the
potential for nuclear catastrophe to be too high or possible damages to key ecosystems too
large, how many of the potential benefits from technological advance are we willing to
forsake? Given this framing, the ensuing literature has tended to aim at a “socially acceptable
and essentially optimum” balance of risks and benefits (Slovic 1987). For instance, by
attempting to quantify using objective measures such as annual mortality, Starr could offer
predictions like the public would be “willing to accept “voluntary” risks roughly 1000 times
greater than “involuntary” risks” and that “acceptability appears to be crudely proportional to
the third power of the benefits” (ibid., 1237).
However, this reliance on objective measures is also notable for what it omits: the varied
ways in which societies actually respond to novel technologies. As reflected by the case of
genome-editing technologies, acceptability cannot be guaranteed by the potential of a
technology, e.g., to improve personal health and safety or promote greater sustainability.
Moreover, it cannot be assumed that perceptions of risks (and benefits) are harmonious
within a society. For instance, belying the conventional reliance on experts, we observe that
expert and public priorities need not necessarily converge since, first, scientists are more
optimistic overall (Loewenstein et al. 2001; Slovic 1987) and, second, they tend to underweight socio-economic consequences like job losses and privacy considerations (Scheufele et
al. 2007; Sarewitz 2015). Consequently, whereas trust in science remains generally high,
there are fields like synthetic biology for which public opinion is strongly negative. As this
skepticism represents a sizable obstacle for the further development and commercialization of
any related products (Hacker and Köcher 2015), acceptance represents a vital pre-condition
for marketing new high-value products and technologies.
Over time, the frequency and complexity of the research into individual determinants of
acceptance has increased (e.g. Ronteltap et al. 2007; Tenbült et al. 2008; Frewer et al. 2011).
However, just a handful of determinants (perceived risks and benefits, attitudes, knowledge,
sociodemographic factors) command the lion’s share of attention (Gupta et al. 2012).
Accordingly, this session leverages a variety of methodological approaches to engage with
stakeholders and offer insights into acceptance. This includes attempts to employ the
integrative potential of neurologically based research to understand decision-making, along
with qualitative approaches such as group concept mapping. Firstly, such methodological
diversity helps to identify potential stakeholder concerns and offer insight into messaging
strategies that can effectively communicate with the public. Moreover, the qualitatively
oriented studies have the benefit of extending attention to viewpoints across the value chain.
Indeed, consumers are far from the only stakeholders which influence the market potential of
novel products and technologies. By focusing on the entire supply chain (e.g. production,
processing, packaging, retailing), this session thus enables us to compare and contrast
viewpoints against one another, ensuring that more salient considerations are taken into
account and any differences better understood.
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New food technologies, such as genetically modified, functional foods and processing technologies,
have promising potential to enhance food supply and increase nutritional security for a growing global
population (Floros et al., 2010; Augustin et al., 2016; Misra et al., 2017; De Steur et al., 2017). As new
technologies are unlikely to succeed in the marketplace without consumer acceptance (Floros et al.,
2010; Augustin et al., 2016), various studies have investigated this topic. In specific, a recent systematic
review on food technology acceptance behavior along the supply chain shows that only 17% applied
common theories, namely Theory of Planned Behavior (Ajzen, 1991) and Protection Motivation Theory
(Rogers, 1975) (Kamrath et al., mimeo). Instead, the majority of consumer studies on food technology
acceptance used tailored, “study-specific” models, making the comparison and synthesis of results
difficult. As a consequence of the lack of an overarching and comprehensive theory/model (see Lusk
et al., 2014; Bredahl et al., 1998; Bearth & Siegrist, 2016; Frewer et al., 2016; Kamrath et al., mimeo),
a theoretical framework is therefore needed to integrate existing theories with variables used in the
research on food technology acceptance.
In this study, we therefore take a further step toward building a theoretically grounded model of new
food technology acceptance by examining consumers’ evaluations of new food technologies (that is,
3D-printed food) as a function of individual, social, physical and macro-level factors – motivated by the
social ecological framework of Bronfenbrenner (2009) –, based on results of an extended literature
review with 169 papers (Kamrath et al., mimeo). This integrative food technology acceptance model
will be compared to the well-known theory of planned behavior. A survey, developed in combination
with Qualtrics (www.qualtrics.com), will target 500 German consumers and be conducted from
October 2018. In developing the survey, a questionnaire and scales were developed, reflecting insights
from both social-scientific theories and the extended literature on food technology acceptance
research. To conduct the analysis, covariance based structural equation modeling (CB-SEM) using
STATA will be applied to assess path coefficients and determine of the explanatory power of all the
variables from the various theories.
This paper not only makes a methodological contribution as far as the development of an integrative
theory that is relevant for future food technology acceptance research, but also builds upon the
current understanding of consumers’ acceptance of 3D-printed foods in Germany. In this manner, we
are taking the first steps in the direction of a food technology evaluation model, though its final
development will require more effort.
Based on preliminary research, it is hypothesized that the Theory of Planned Behavior will have
predictive relevance. Further, the proposed food technology evaluation model based on factors
identified by an extensive literature review will increase the explained variance, measured by R². It is
expected that consumers’ responses toward 3D-printed food is similar to their reactions to other new
food technologies that have added convenience and health-enhancing properties. In this sense,
consumers will hesitate about the benefits of 3D-printed foods and will evaluate more the perceived
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risks. Thus, a well-designed information campaign is needed for a successful implementation of 3D
food printers.
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Do consumers think that purchasing bio-based products matter? The role of systems
thinking and connectedness to nature
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Several consumer products such as cosmetics, detergents or plastic packaging are produced
on the basis of fossil fuels contributing to the increase of GHG emissions and climate change
(Besi, McCormick 2015). In order to alleviate negative consequences for the environment,
these products can also be produced sustainably without fossil ingredients using biomass as
raw materials (Bugge et al. 2016). However, Onwezen et al. (2017) found that consumers
associate positive as well as negative feelings with bio-based products. One reason for this
ambivalence could be that consumers’ beliefs about the environmental benefits of these
products differ. Indeed, a crucial determinant for pro-environmental consumption behavior
has been found to be the extent to which people believe that their individual efforts make a
difference in solving environmental problems (Ellen et al. 1991, Coelho et al. 2017;
Ghvanidze et al. 2016; He and Zhan 2018). The concept of perceived consumer effectiveness
(PCE) is in line with psychological theories stating that the decision to perform an action
depends on the expected results (Ajzen 1991; Bandura 1982). In order to promote proenvironmental behavior, it is crucial to understand how consumers’ beliefs influence behavior
and help to alleviate negative consequences for the environment (Cojuharenco et al. 2016).
However, very little research has examined factors shaping PCE. For example, Vermeir and
Verbeke (2006) found that PCE cannot be induced by short term manipulations (e.g. by
giving examples how consumption behavior affects the environment) indicating that PCE
might be strongly inherent to a person (like worldviews). Based on this assumption, we
suggest that PCE can be rather described as a worldview encompassing values, beliefs or
general assumptions about reality such as a systems-thinking mindset and a sense of
connectedness to nature. More specifically, we argue that people who believe that the
ecosystem is a complex whole with several interdependencies and feel connected to nature
have a stronger PCE because they recognise that their actions and ecological phenomena are
interrelated (Davis, Stroink 2016; Davis et al. 2009). In order to test our hypotheses, we
developed a quantitative survey which adapts scales from the literature to measure systems
thinking (Thibodeau et al. 2016), connectedness to nature (Mayer et al. 2004) and PCE
(Antonetti, Maklan 2014) as independent variables as well as consumers’ intention to
purchase bio-based products as the dependent variable. Our data are collected from 500
German consumers.
The study is conducted in cooperation with Qualtrics which allows for external validity of the
sample. We expect that systems thinking and connectedness to nature positively affect
consumers’ intentions to purchase bio-based products and that this impact is at least partially
mediated through the impact of these variables on PCE. Understanding these relationships
helps to develop policy or marketing initiatives to increase the consumption of bio-based
products. For example, communication strategies should indicate how the consumption of
bio-based products indeed contributes to protect the environment. Furthermore, public
institutions like schools or universities should teach a systems-thinking mindset and a sense
of connection to nature in order to increase public PCE.
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Restrictions in the diffusion of active and intelligent packaging-innovations at the
German retail level
Schulze, Isabel, Baum, Chad M.
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Active and intelligent packaging (AIP) is a heavily discussed innovation in the food
packaging sector, and one gaining attention due to the ability to satisfy consumer demands
and provide solutions in times of changing packaging requirements. In spite of its many
advantages, e.g., extending shelf-life and providing information about product quality and
packaging integrity, little to no food packaging has incorporated the abovementioned
technologies, nor are they commercially available at the retail level in Germany.
This work examines the origins and reasons for the low diffusion rates of packaging
innovations in Germany. By combining theoretical factors obtained from the literature with
empirical data derived from the Group Concept Mapping (GCM) methodology, important
latent influence factors can be identified and also rated by stakeholders according to their
respective importance.
Apart from the fact that AIP innovations are able to reduce food waste and increase
transparency and food safety, successful commercialization efforts can be observed in
countries outside Europe, such as Japan, Australia and the US (van Dongen and Kruijf 2007;
Restuccia et al. 2010; Aday and Yener 2015). Many researchers have therefore examined
why consumer acceptance of AIP differs in Europe. For example, Aday and Yener (2015)
found that the majority of consumers in their sample were willing to use innovative food
packages to prevent microbiological spoilage. However, other studies show a rejection of
active packaging if nanotechnology is used (Bieberstein et al. 2012). Due to the divergent
findings in the literature, closer attention should be paid to the reasons for resistance.
European legislation is specifically mentioned as a potential barrier, but it seems that higher
acceptance in the aforementioned countries cannot be completely explained by differences in
the legislative framework alone (Ahvenainen and Hurme 1997; van Dongen and Kruijf 2007).
Day (2008) thus considers whether a country's climate is hot and humid climate, thus
promoting mould growth, as the main reason for successful commercialization in Japan. But
without valid justifications for different adoption rates, it remains unclear why German
stakeholders struggle to benefit from the advantages of AIP. Indeed, little research has been
undertaken analyzing, in a holistic approach, the opinions of stakeholders across the value
chain (Kerry et al. 2006; Dainelli et al. 2008). While the number of studies exploring
consumer acceptance of AIP is relatively high, other important actors have received less
attention (Chen et al. 2013; Petersen et al. 2014; Pennanen et al. 2015; O' Callaghan and
Kerry 2016). To examine these research gaps, reasons for limited diffusion are explored and
the different positions of packaging suppliers, food manufacturers, retailers, researchers, and
consumers considered. The analysis seeks to answer the following questions:
- Why is AIP not yet implemented at the retail level in Germany?
- Where are possible sources of resistance within the food value chain?
The paper represents a new approach to investigate diffusion and adoption barriers of AIP.
GCM shall be used to incorporate all stakeholders, thus aiming to extend the current literature
about consumer acceptance and, moreover, identify resistance factors for the whole
innovation system.
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Assessing internal validity and predictive power of attitudes towards geneticallymodified foods using neuroscientific approaches
Ladendorf, Joscelyn, Weber, Bernd
Center for Economics and Neuroscience, University of Bonn
One of the challenges in understanding real-world (market) behavior for controversial
technologies, like genome-editing technologies, is the assessment of the validity and
predictive power of participant explicit measurements (ex. surveys). Individuals tend to tune
their beliefs about the risks of potentially harmful activities towards the views of the people
they commonly interact with (Leiserowitz, 2005). If individual explicit responses can be
impacted by environmental expectation, explicit responses may not be representative of reallife preferences. Therefore, assessment of factors influencing marketing behavior on
genetically-modified foods (GMFs), using a variety of approaches, can ascertain the level of
internal validity in explicit responses in marketing analysis. For the German market, an
individual’s acceptance and willingness to pay for GMFs may be influenced by their
knowledge of genome-editing technologies and attitudes (Albarracin & Shavitt, 2018;
Huffman et al. 2007; Klein et al. 2009; Lusk et al., 2015; Wunderlich and Gatto, 2015). Using
neuroscientific approaches to measure attitudes towards GMFs indirectly, such as the singlecategory implicit association test and functional magnetic resonance imaging, this study
attempts to address the representativeness and predictive power of the explicit attitudes for
GMF against affective behavioral and neurological correlates for consumer willingness to
pay.
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Abstract
Animal welfare, food safety and the protection of the environment are three concerns consumers
have about modern food production systems. Production systems considering these three issues
can be in conflict, and finding ways to reduce this conflict is essential as international standards
governing sustainable food production develop.
These conflicts can be reduced if flexible animal welfare standards are animal-based and
attempt to directly assess the state of the animals themselves rather than prescribing the
conditions under which the animals are reared. Animal welfare is often treated as an ethical
issue, and is therefore difficult to deal with under current trade agreements. A greater
appreciation of the link between animal welfare and animal health makes the link with food
safety clearer. Improvements in animal welfare have the potential to reduce on-farm risks to
food safety, principally through reduced stress-induced immunosuppression, reduced incidence
of infectious disease on farms and reduced shedding of human pathogens by farm animals, and
through reduced antibiotic use and antibiotic resistance. Health problems of farm animals
continue to be serious threats to animal welfare, and measures of disease incidence can serve
as animal-based measures of animal welfare. Continued development of hazard analysis and
critical control point-based approaches to animal welfare would allow a smoother integration
of animal welfare and food safety standards.
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TOOLS AND INDICATORS TO DESCRIBE SUSTAINABLE ANIMAL HUSBANDRY
CHRISTINA SCHMITT1, MARTIN HAMER1,
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Abstract
Nowadays, the food and agricultural sector is often subject of debate. Frequently discussed are
the husbandry conditions as well as potentially negative impacts of animal production on the
environment. For this reason it can be expected that discussions will continue in the future.
Production systems will change as well as consumption patterns. This development will have
an influence on the existing structures. Due to the growing pressure (from different stakeholder
groups) towards a more sustainable way of husbandry and production, for instance in Germany
and its international trade partners, there is an actual need to develop new concepts and practical
tools in order to improve the situation in the food and agricultural sector. The aim of this
contribution is to illustrate and evaluate the applicability of the Hot Spot Analysis methodology
as a reliable and low-cost tool for the assessment of ecological and social problems along the
entire product life cycle. For a better understanding of the methodology and its meaning, the
Hot Spot Analysis is demonstrated by an example within the area of pig production. The
methodology itself was developed by the German Wuppertal Institute. Based on a literature
review in addition to results from discussions with experts, the main Hot Spots occurring in the
specific life cycle can be identified. For this, the defined social and ecological criteria firstly
have to be weighted. The weighting is based on the evaluation by the author. Apart from this,
the different phases of the life cycle, depending on their social and ecological impacts in
general, also have to be weighted, too. Thus, the main social and ecological factor loads can be
discovered in the course of the value chain. After drawing up the results, these can be discussed
with various stakeholders involved in pig production and meat consumption, helping to identify
potentials and overcome weaknesses in a participative way. The results of the Hot Spot Analysis
on pig production showed that the main weaknesses along the value chain are animal welfare
and the negative environmental impact. This result reflects the ongoing discussions in the
agricultural sector and emphasizes the need for action. In conclusion, the Hot Spot Analysis is
a feasible and attractive tool to face potentials and obstacles in the value chain of a product.
Companies can use it as an opportunity to identify possible and reasonable aspects to implement
or improve corporate sustainability standards.
Keywords
Hot Spot Analysis, Sustainability, Animal Welfare, Environmental Impact
Introduction
In view of current developments on the pork markets, competitive and cost pressures on pig
farmers are expected to remain high (Spiller et al. 2005). This has consequences for agricultural
livestock in economic, social and environmental terms. However, further intensification of
production is difficult to communicate. In many places, animal husbandry is already confronted
with grave social acceptance problems (Heise 2017).
In its report of March 2015 the Scientific Advisory Council for Agricultural Policy (WBA) at
the Federal Ministry of Food and Agriculture also attests "significant deficits, especially in the
area of animal welfare, but also environmental protection" to livestock farming
(Wissenschaftlicher Beirat für Agrarpolitik und Deutschland 2015). The dominant topics at
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present are the widespread use of antibiotics and zootechnical interventions such as the
customary tail docking and tooth clipping of piglets.
However, solutions that cover this area and tackle the need for sustainable production or
consumption decisions are difficult to communicate. Test marks and quality seals are often not
sufficiently recognized. Consumer surveys show that a low price is often the dominant criterion
for demand. Sustainably produced pork with sensually distinguishable properties such as
colour, texture or intramuscular fat is not yet established on the market in North-RhineWestphalia. However, this is the target of the EIP-project entitled “Roiporq- Eignung einer
speziellen Schweinekreuzung für alternative Haltungsformen bei voller körperlicher Integrität
der Tiere für eine Differenzierung im Markt”.
The objective of this paper is to demonstrate the methodology of the Hot Spot Analysis (HSA)
as a practical tool to identify hot spots along a value chain of a product or service. Therefore
the individual steps will be explained, followed by a short description of the results of the HSA
for the Roiporq-Project. In the conclusion the advantages and disadvantages of the HSA will
be discussed.
The concept of the Hot Spot Analysis
The Hot Spot Analysis (HSA) was developed by the Wuppertal Institute (Liedtke et al. 2010;
Bienge et al. 2010; Wallbaum und Kummer 2006). In recent years the HSA developed into an
established tool to evaluate the sustainability of products or services. The emphasis of the HSA
is on the examination of ecological and social criteria along a value chain of a product or
service. Therefore the most important life cycle phases of the examined products are assessed
with regard to ecological and social criteria.
Through this procedure the relevant Hot Spots along the value chain can be emphasized. This
makes the identification of effective solutions for potential problems easier.
If a company has decided to evaluate the sustainability along the value chain of a product, the
HSA is a very practical and reasonable tool. The analysis is based on publicly available data
and literature in addition to information from experts and stakeholders.
The following illustration explains the individual steps of the HSA.
1. Definition of the lifecycle phases and categories (social and
ecological)
2. Evaluation of the categories inside the lifecycle phases

3. Evaluation of the lifecycle phases

4. Identification of the Hot Spots
5. Evaluation of the results through experts and determining the
general relevance

Figure 1: The Steps of the Hot-Spot Analysis (Rohn und Bienge 2011)
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At the beginning of the HSA the life cycle phases have to be defined (step 1). In general these
are the following:
1.
2.
3.
4.

Extraction of raw material
Processing
Usage
Waste disposal

Depending on the object of investigation, other lifecycle phases may be adapted. The life cycle
phase `usage´ for example can be divided into the provision of supermarkets and the usage in
private households.
In order to the defined life cycle phases, the ecological and social criteria have to be examined
(step 1). These criteria will be evaluated for each life cycle phase. Similar to the definition of
the life cycle phases, the defined criteria can variate in dependence of the object of
investigation.
Table 1: The main ecological and social criteria of a HSA (Bienge et al. 2010)
Ecological criteria
Social criteria
Abiotic raw materials
General working conditions
Biotic raw materials
Social security
Energy ressources
Training & Education
Water ressources
Workers‘ Health & Safety
Land use
Human Rights
Waste
Living Wages
Emissions to air (incl. greenhouse gas Consumer Health & Safety
emissions)
Emissions to water
Product Quality
Animal Welfare
Table 1 lists the main ecological and social criteria that are applicable to the analysis.
Based on the defined life cycle phases and criteria, the first step is to analyse the existing
literature regarding to the individual criteria for each life cycle phase (step 2). The analysis of
existing literature includes scientific papers as well as general information about relevant firms/
partners and studies without scientific background. The collected information can be
supplemented by expert knowhow. It is advisable to summarize the information in a synoptic
table. This provides an overview about the most important information on the criteria of a life
cycle phase and helps to structure the results.
After screening and analysing the relevant literature, each criteria has to be evaluated in
dependence of its impact on the environment or society.
Table 2: Evaluation of the relevance in each phase (Rohn et al. 2014)
0
No relevance
1
Low relevance
2
Average relevance
3
High relevance
n.s.f.
No source found
n.a.
Not applicable
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After weighting each criteria according to a life cycle phase, the life cycle phases themselves
have to be evaluated (step 3). This is a preliminary stage before identifying the Hot Spots.
Therefore the weightings of each criteria have to be multiplied by the weighting of the life cycle
phase to which it belongs. Through this procedure the Hot Spots can be identified (step 4). All
values with a result between `6´ and `9´ can be considered as a Hot Spot. Lower values (e.g. 1,
2 or 3) are insignificant.
The results of this analysis should then be presented and discussed with experts and
stakeholders. This approach is necessary to complete the information and strengthen the results
of the HSA. If necessary the evaluation can be adapted (step 5). Through this procedure the
validity of the HSA can be guaranteed.
Results regarding to the HSA of the EIP-project “Roiporq”
The Hot Spot Analysis is one of several tools to assess sustainability in the EIP-funded research
project "Roiporq". The project aims to develop a pig production concept that is equally suitable
for both conventional and ecological fattening. During the breeding phase of pigs zootechnical
interventions (castration, tail docking and tooth grinding) should be avoided just as the use of
antibiotics.
The results of the HSA presented here relate specifically to the value chain of the project
described.
The results were discussed with the partners in the project, but also with external stakeholders.
The evaluation of the results has revealed some interesting aspects. It shows that the ecological
and social criteria are in general concentrated in specific life cycle phases. The most significant
impact on the environment has the phase of raw material extraction for example. In contrast to
another existing HSA about pork (for further information see: Rohn et al. 2014), however, the
influence is not considered to be too strong. The reason for this probably lies in the type of
stable in which the animals grow up. One of the main features of this research project is an
innovative “Pig Port Stable”, a partially open air housing system for pigs. This significantly
reduces energy consumption, water use and air emissions compared to conventional pigsties.
In return the most social vulnerabilities occur in the slaughter phase. This result is congruent
with the findings of the other HSA (Rohn et al. 2014). Working conditions in slaughterhouses
are still very exhausting. In addition, the issue of animal welfare is discussed controversially.
Although the project partner is very innovative in this area, there is still room for improvement
to promote animal welfare further.
In order to validate the factors and to identify the hot spots, the results were discussed with the
project partners and other relevant experts and stakeholders.
The results show that along the entire value chain there are frequent hot spots where there is
still need for action. These hot spots in particular relate to animal welfare and environmental
protection at the beginning of the value chain.
Conclusion
The Hot Spot Analysis has proved to be a feasible and practical tool to identify critical social
and ecological vulnerabilities along the value chain of a product or service. Especially for
companies that haven´t yet dealt with the issue of sustainability, the HSA offers a practical
entry-level tool. With the HSA the client can get an initial overview of the situation. In areas
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where the HSA is not sufficient, other (analytic) tools can be employed to assess the
sustainability of the product or service in greater depth, for instance the Life Cycle Assessment
(LCA). The LCA works with databases and provides a deeper and more comprehensive analytic
tool. In this context, the HSA can be viewed as a simple entry-level tool for a more in-depth
LCA analysis.
For companies, that haven´t yet taken sustainability into account, the HSA can be a tool to get
a fast overview about sustainability topics according to their value chain. Thus, HSA helps to
ensure that the entire value chain is studied and to gain a deeper insight into the processes.
Another advantage of the HSA is, that it is applicable to any product or service. By applying a
HSA, a company can specifically identify and address weaknesses in environmental and social
criteria in the value chain of its product.
In return the literature review of the HSA can be very time consuming. Furthermore, the results
of the HSA are generally influenced by the personal attitude of the author. For this reason, it is
important that the results are discussed with experts and other stakeholders in order to achieve
a neutral view.
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ICT TOOLS TO MONITOR THE ENVIRONMENTAL IMPACT ON ANIMAL AND
HUMAN HEALTH
GÉ BACKUS2
2
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Abstract
As livestock farms are becoming larger and larger and the farms are more and more managed
together with paid labour, the need for livestock farm management tools enabling more span of
control increases rapidly. The farm manager needs to have overview and control, and in a timely
manner. At the operational level animal care takers need support and transfer of tasks. Recent
developments in Information and Communication Technology (ICT) have brought new
perspectives for the use of Decision Support Systems. The Internet of Things (IoT) enables
connecting the digital and physical world. And together with the ever cheaper sensor technology
and netwworks (LoRA and gateways) it becomes possible to provide farmers with online access
to real time data on the production circumstances in farm buildings. Real time sensor data are
obtained online for temperature, relative humidity, CO2, NH3, and air pressure. The sensor data
are related to the outside climate data for the specific farmer´s region. Water usage and water
quality is also measured. These data allow integrated data-analysis to support identifying
optimal parameter values for climate and process control. In the near future new system
modules will be added with weight data using camera technlogy. Individual animals will be
identified with RFID tags to relate slaughter data to the compartments where the animals were
reared.
Another promising area we are working on right now is the application of ´legal tech´. Nearby
farms we will measure H2S, butyric acid and NH3, being important odour compounds, real
time and give the farmers and nearby living citizens online access to these data. This way we
can replace the costly procedure of applying for an environmental permit with a contract
between the farmer and his neighbours based, on actual sensor data.
Starting December 2017, thirty farmers are using the software application `Smart Barn`. The
farmers have 24 hour 7 day an week access to the sensor data, and receive also regularly
feedback on their results benchmarked against the group performance. It is scheduled to
introduce a new version of the ICT tool summer 2018. This version will apply fuzzy logic
methods to transform `Big data` into a limited set of daily linguistic messages and alerts.
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1. Introduction
Animal welfare is dependent on a good balance between performance and health, this directly
influences product quality and safety, for that animal production is an important key factor in
the “One Health Initiative”. It is known that incorrect feeding can be one of the factors of many
disorders; an unbalanced uptake of nutrients or toxic components lead to a weakened immune
system, therefore multiple diseases will occur and endanger animal health. In terms of health,
the gastro-intestinal tract, especially the small intestine, plays a key role. Its function is not only
the absorption of nutrients; it is also an immunological organ with multiple lymphoid follicles
such as Peyer's plaques in the ileum. In addition to animal welfare, the quality of the animal
derived food and its safety are significant factors for a modern animal production. Meanwhile
it is known, that modulation of gene expression in the intestine is possibly influenced by feeding
defined nutritional components. Our aim is to analyze feed additives as environmental factors,
which modulates the expression of immunologic genes and can lead to an improvement in
animal production and health.
Gastro-intestinal health & microbiome
Mammals, such as the pig, are dependent on maternal colostral milk in their first few hours post
partum. The colostrum supplies the piglets with essential vitamins, proteins, antibodies and
growth factors, which are be protective by modulating the gut microbiota and improve intestinal
permeability. Without this intake, the immune system will not develop sufficiently and piglet
loss increase rapidly within the first week of life.
Together, innate and acquired immunity form the immune system. It protects and purifies the
organism from environmental pathogens, endogenous tumor cells and old body cells. The
gastro-intestinal tract is one of the most important immunological organs, e.g. 70% of
circulating antibodies have their origin in the intestine. First of all, the small intestine is due to
its epithelium and cellular components (e.g. macrophages and neutrophils), protecting from the
invasion of pathogens. Pathogens can be recognized by the components of the immune system
via Pathogen Associated Molecular Patterns (PAMPs); these are target markers on pathogen
surface. The innate immune system notices PAMPs by Pattern Recognition Receptors (PRRs),
e.g. toll-like receptors (Speckmann et al., 2009). Nevertheless, if pathogens were able to
penetrate this protective barrier, the acquired immune system, which is activated by innate
immunity, intervenes with T helper cells, T cytotoxic cells and B lymphocytes. In addition to
the cellular components of the immune system, cytokines are another essential immunologic
key factor. These are soluble polypeptides that work as mediators which are involved in
immunological cascades, for instance inflammatory processes. The immune response is not
restricted to a single mechanism, signal pathway or gene, but consists of complex, interacting
networks of biochemical and cellular networks. To investigate the various components of the
immune system it is possible to monitor blood parameters, for example via the level of
leukocytes or acute-phase-proteins.
For more detailed investigations it is necessary to examine the expression and biosynthesis of
cytokines as well as other immunological parameters, located in the blood and the intestinal
tissue.
78

In addition to immunity, the intestinal flora, termed an external organ, has an important impact
on normal gut function and animal health. Microbiome influences on human health have been
studied for several years, but represent fairly new research field in animal science, especially in
pig production. The microbiome, which includes all intestinal microbiota and their genes,
develops after birth and it is subject to constant change throughout lifetime. The microbial
composition (e.g. potentially pathogenic or health-promoting) inside the intestine depends on
individual, but also on environmental factors, for example nutrition (Trevisi et al., 2015).
Within 3 – 4 weeks bacterial composition reacts and adapts on feed conversion (Metzler-Zebeli
et al., 2015). Briefly, the most important functions of microbiota within intestine are facilitating
nutrient digestion and assimilation, maintaining a barrier against invasion by pathogens and
providing immunological surveillance signals. Microorganisms express PAMPs on their
cellular surface; trigger PRRs and pathogenic microbiota activate the immune system. The nonpathogenic, commensal, bacteria utilize food residues of their host and usually do not activate
defensive mechanisms of animals body. But how can the microbiome of an animal affect its
immune system? There are several immunological pathways that can be influenced by bacterial
production of transcription and co-factors, for example production of diverse cytokines or NFκB which is related to the integrity of the epithelium and thereby immune homeostasis
(Wolowczuk et al., 2008). Another benefit is bacterial production of short chain fatty acids as
propionate and butyrate. They can be absorbed by the intestinal epithelium and are used for
production of immunological factors. Furthermore, they can also directly stimulate or inhibit
signal pathways. Due to such influences, control of bacterial colonization in intestine can have
a significant impact on animal health.
The improvement of animal welfare and health is a principal task of modern animal production.
There are several approaches to fulfill these needs. Both disciplines, animal breeding and
nutrition, desire to identify genes, which are related to productivity, welfare and health The
phenotype of an animal depends on both, genetic information and environmental factors, such
as nutrition. Therefore, it is necessary to investigate these two pillars simultaneously. A concept
to connect these tasks is nutrigenomics, which is an interdisciplinary scientific research field.
It is a linkage between genetics, biochemistry and nutritional sciences.
Functions of feed & health / animal welfare
Besides energy supply, micronutrients and fatty acids can modulate target gene expression as a
switch (Wahli, 2013). In order to estimate the nutritional benefit for an organism, the effects of
physiologically-active-components must be considered at the molecular level. Those biological
signatures, e.g. genes, proteins and metabolites can be detected by cellular sensors, thereby
activating and stimulating multiple signal pathways in the body. Finally such biomarkers can
be used for an early warning in nutrition-induced disorders of immunological homeostasis
(Muller and Kersten, 2003). In human it was shown, that saturated fatty acids are able to
stimulate activation of PRRs (e.g. TLR2 and TLR4), whereas intake of unsaturated fatty acids
through feed leads to an inhibition of TLR-mediated signaling pathways. Furthermore, fatty
acids affect production of cytokines and membrane proteins (Wolowczuk et al., 2008).
Phytochemicals can regulate gene expression in pigs (Wei et al., 2017). Such phytogenic
additives can be produced out of plant secondary metabolites. Phenols and flavonoids are just
fragments of this huge group of substances. Some of these substances have antimicrobial,
antioxidative or digestive effects. Kaput and Rodriguez (2004) found that, Phenols, e.g. Thymol
and Carvacrol, have an anti-inflammatory effect and can influence gene expression. It was also
shown, that Thymol and Carvacrol posses ROS-scavenging activity by their ability to split off
hydrogen atoms and therefore binding of free radicals. In pig´s intestine they have an
antibacterial effect against Escherichia coli and Escherichia faecalis (Mastelic et al., 2008; Wei
et al., 2017).
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For piglets, weaning phase represents a critical stage for gastro-intestinal health development.
The switch from easily digestible milk to a more solid nutrition, the separation from the sow
and the formation of new animal groups are critical stressors for piglets. Stress is also correlated
with injuries to intestinal epithelium, a change in the microbial composition of the gut, a lower
feed intake and therefore a reduced weight gain after weaning. Another effect is the activation
of the adaptive immune system resulted in production cytokines and T lymphocytes. One goal
of this project was to improve gastro-intestinal piglet´s health by using an oregano flavor
additive. The reaction of elements of the acquired immune system and the microbial
composition in the intestine to this additive was investigated.
2. Material and Methods
At the beginning of the experiment, 25 days after birth, 16 piglets (Landrace x Pietrain) from
two sows were selected after weaning by their initial weight (7,85 ± 0,9 kg). Four piglets were
directly euthanized for sample collection (day 0). The remaining 12 animals were randomly
allocated to two groups with six piglets per pen. Groups were kept under identical
environmental conditions, but one group was feed additionally with an oregano flavor additive
(DOSTO® powder, DOSTO® FARM, Westerstede, Germany) to the standard feed (EuroStart,
Agravis, Münster, Germany). The concentration was 1500 mg flavor additive per 1 kg standard
feed. 20 days after weaning all remaining pigs were euthanized to collect jejunum, ileum, small
intestinal digesta. Total RNA was isolated from jejunum and ileum by using the GF-1 Nucleic
Acid Extraction Kit (Vivantis, Subang Jaya, Malaysia) and genomic bacterial DNA with the
QIAamp DNA Stool Mini Kit (Qiagen, Hilden, Germany) following the manufactures
protocols. After measuring RNA concentration, cDNA was reverse-transcribed with the First
Strand cDNA synthesis kit (Thermo Fisher Scientific GmbH, Schwerte, Germany). The rtPCR
for TNF-α, ICAM1, IL-1α, IL-1β, IFN-μ, HSP60, CD4, CD8, Enterococcus genus, Escherichia
coli and Lactobacillus genus, as well as HPRT1, β-actin, RPL4 and 341/534 as internal controls,
was performed using their respective primer pairs. Statistical analyses were carried out using R
(version: 3.3.1). Comparisons among day 0, treated and control groups were performed using
the one-way ANOVA followed by linear contrasts. Differences were considered significant
when p < 0.05.
3. Results and Discussion
As shown in table 1, there is a significant difference in the expression of TNF-α in the jejunum
between the treated and the control group (p < 0.001). The mRNA level is lower in the treated
group. TNF-α is an important cytokine that is involved in systemic inflammatory processes and
is part of the NF-κB signaling pathway (Wei et al., 2017). Another part of this pathway is IL1β, which is expressed significantly lower in the treated group (p < 0.01). In both significant
differences of mean ct-values in the membrane proteins CD4 and CD8 were investigated. There
are differences in gene expression between the two tissues examined in the experiment. There
is a significant reduction of Escherichia coli in the treated group compared to the control (data
not shown). This may be taken as an indication of the antimicrobial effect of the flavor additive
used in this study.
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Table 1: Mean ct-values of the investigated genes in jejunum and ileum
group

genes
jejunum

day 0
treated
control

ileum

TNF-α

IL-1β

HSP60

CD4

CD8

27.46ac

32.09a

17.84

27.92

24.71a

(± 0.19)

(± 2.13)

(± 0.32)

(± 0.75)

(± 0.79)

28.25b

32.11ab

17.41

28.45a

(± 0.30)

(± 1.39)

(± 0.66)

27.30ac

29.11c

(± 0.63)

(± 1.07)

TNFα
27.89

IL-1β

HSP60

CD4

CD8

29.01a

19.14a

28.15a

24.66a

(±
0.45)

(± 1.11)

(± 0.55)

(± 0.75)

(± 1.20)

23.40b

27.53

31.35b

18.44b

27.87

22.07b

(± 0.61)

(± 0.68)

(±
0.23)

(± 0.96)

(± 0.50)

(± 0.54)

(± 0.57)

17.24

27.25b

23.21b

27.57

30.59b

18.64

27.16b

23.11b

(± 0.54)

(± 0.39)

(± 0.38)

(±
0.86)

(± 0.20)

(± 0.39)

(± 0.60)

(± 1.02)

All results are presented as mean ± SEM (n = 16)
a,b,c
Mean values within a column with different superscript letters were significantly different (p < 0.05)

Wei et al. (2017) showed that Thymol and Carvacrol are able to reduce weaning stress and have
an effect on immune system related genes and several bacteria. In the present in-vivo study it
was possible to illustrate that a flavor additive comprising Thymol and Carvacrol is able to alter
gene expression in pig small intestine after weaning. In order to exploit the performance
potential of farm animals, an optimization of the diet is indispensable. It is possible to change
gene expression of immunological factors, bacterial composition and to reduce the negative
effects of weaning stress by prior administration of certain additives. Feed manufacturers can
use this knowledge to develop nutrition lines for specific stages of animal production for
improvement of reproduction and performance, the reduction of diet-related crops and by that
the reduction of drugs such as antibiotics. Questionable is whether it is feasible to preserve
positive nutritional effects across generations. Translation of nutrigenomical data into precise
predictions for animal breeding is a further goal for which additional research is needed.
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THE THIRD WAY IN GERMANY AND CHINA – TRADE-OFF BETWEEN ANIMAL
WELFARE AND FOOD SAFETY
FRIEDHELM JAEGER4, WANG WEI5
MINISTRY FOR ENVIRONMENT, AGRICULTURE, CONSERVATION AND CONSUMER PROTECTION OF THE STATE OF NORTH
RHINE –WESTPHALIA
5
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Abstract
Surveys have shown that about 90 percent of German consumers are willing to pay more for
products which are produced under a higher standard of animal welfare. Aspects like higher
standards or more transparency in animal farming also play an important role when it comes
down to consumer expectation. In Europe, organic farming is increasing from year to year, but
cannot be the only solution to everybody.
Grocery shopping relies a lot on trust, so food scandals shake the confidence and thus have
serious consequences on the whole sector.
Against this background, the idea arises not only to label foods that comply with a higher
standard of animal welfare, but also to make these foods perceptible distinguishable from other
foods by their sensory features. Based on specific sensory properties like smell, color or taste,
the ‘Third way groceries’ are a possibility to ensure food safety and to give the consumer a
valuable help for his own decision concerning the quality and the certain way a product was
produced. Third way groceries are neither organic certified nor conventional produced. As well
they are independent from specific labels like ‘Initiative Tierwohl’, which is an industry alliance
of agriculture, beef industry and food retailing or ‘Für mehr Tierschutz’, which is given by the
German humane society.
At this time the German food trade presents a few products which can be considered as a third
way product; it is just the beginning of a new marketing strategy.
There are already different projects which imply high standards of food safety and animal
welfare in the field of poultry. For example, the ‘Kikok-chicken’ is a slow growing breed which
is fed on more than 50 percent corn in their feeding ration. This high amount of corn leads to a
yellow meatcolor which is caused by the carotene in the corn. Additionally there is more space
for the chicken compared to conventional broiler chicken, the feed exclude any genetically
modified substances and there is no use of antibiotics. The yellow color of the meat makes it
easily distinguishable from other poultry meat and reminds the consumer that the broiler grew
up under better conditions. The Kikok- chicken is more expensive than conditional chicken but
still cheaper than chicken that is produced in an organic way.
To support consumer in buying products with higher animal welfare standards, to show them a
response on keeping conditions and to give them the opportunities to buy higher standard
products we should consider third way products as an important and remarkable factor in the
future.
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THE HYREKA PROJECT: DISSEMINATION OF ANTIBIOTIC RESISTANT
BACTERIA IN THE AQUATIC ENVIRONMENT AND STRATEGIES DESIGNED FOR
THEIR REMOVAL

Chairs: Bierbaum, Gabriele (IMMIP, University Clinic Bonn, Germany), Exner, Martin
(IHPH, University Clinic Bonn, Germany)
Discussant: Exner, Martin (IHPH, University Clinic Bonn)
The project HyReKA investigates the dissemination of antibiotic resistant bacteria into the
environment and tests strategies that are designed to inhibit this dissemination.
Antibiotic resistant bacteria may enter the aquatic environment via different paths and the
first talk will show how bacteria enter the environment through the wastewater treatment
plant into the receiving surface waters. The study compares rural and clinical/urban
wastewater and surface waters. Enrichment of bacteria showed, that bacteria producing
extended spectrum betalactamases and bacteria resistant to three classes of antibiotics were
isolated from nearly all sample sites in both systems. In contrast extensively resistant bacteria
producing carbapenemases, part of which were susceptible to only one remaining antibiotic,
were mainly isolated from the clinical wastewater. Both classes were not fully retained by
wastewater treatment.
The second talk will show the occurrence of antibiotic-resistant pathogens in wastewater
from the poultry slaughterhouses and their emergence following wastewater treatment by inhouse wastewater treatment plants. Here multidrug resistant producers of extended spectrum
lactamases and methicillin resistant staphylococci were found and, with the exception of
staphylococci, were also detected in the effluents of the wastewater treatment plants.
The third talk will then introduce five advanced wastewater treatment processses, that were
tested for the removal of antibiotic resistant bacteria: (1) ozone treatment, (2) UV treatment,
(3) the combination of ozone and UV treatment, (4) ultrafiltration and (5) activated carbon
filtration combined with sand filtration. The removal of the resistance genes was measured by
qPCR. The results will show that a synergy between ozone and UV treatment was detected.
The best removal was obtained using ultrafiltration, whereas activated carbon filters were not
effective.
“HyReKA” is part of the BMBF (Federal Ministry of Education and Research) funding
measure “Risk management of new pollutants and pathogens in the water cycle (RiSKWa)”
in the funding priority “Sustainable Water Management (NaWaM)”, Germany (FKZ
02WRS1377).
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Presentations of the Symposium
Occurrence and Dissemination of antibiotic resistant bacteria in the aquatic
environment by clinical and municipal wastewater
Schreiber, Christiane1, Timm, Christian1, Zacharias, Nicole1, Müller, Heike1, Kistemann,
Thomas1, Stange, Claudia2, Thiem, Andreas2, Sib, Esther3, Schmithausen, Ricarda Maria1,
Exner, Martin1, Parčina, Marijo3, Bierbaum, Gabriele3
1
IHPH, University Clinic Bonn, 2TZW, DVGW-Technologiezentrum Wasser
Karlsruhe, 3IMMIP, University Clinic Bonn
Wastewater as a source of antibiotic resistant bacteria has been discussed repeatedly. It is
crucial to survey the potential sources of antibiotic resistant bacteria and how they are
released and disseminated into the environment. Within a sub-study of the joint research
project “HyReKA” the pathways by sewage from clinical/urban and rural/municipal
wastewater are investigated. The aim of this study is to investigate the dissemination paths of
healthcare-associated resistant bacteria in an urban setting, in comparison to a rural/municipal
catchment area of a small river.
Water samples of the clinical/urban system were taken from sanitary facilities of patient
rooms in a university hospital, its wastewater, at different sampling points within the
connected sewer system and the local sewage treatment plant (STP) as well as from the
receiving surface waterbody. The samples of the rural/municipal catchment area were taken
at eight different surface water sampling sites influenced and not influenced by municipal
waste water, including influents and effluents of four municipal STPs (not influenced by
hospitals or industry). Antibiotic resistant bacteria were isolated on selective agar plates to
identify ESBL-producing bacteria, methicillin resistant Staphylococcus aureus (MRSA) and
vancomycin resistant enterococci (VRE). Grown colonies were differentiated and preselected by morphological and physiological characteristics and final species identification of
isolates was done using MALDI-TOF MS. Antibiotic resistance was confirmed by testing the
minimal inhibitory concentrations (MIC) and resistant strains were epidemiologically
classified using molecular typing methods. In addition, beside qPCR of target resistance
genes themselves, culture-independent Microbial Source Tracking (MST) tools for
identification of fecal pollution sources (human, ruminant and pig) were applied. Therefore,
qPCR assays that target host-specific Bacteroidales 16S ribosomal RNA genes were
performed. Both areas were characterized by site inspections, mapping and geographical
information systems (GIS) methods.
In all samples resistant bacteria could be detected in both catchment areas (urban, rural),
whereas the urban waste water showed concentrations one to three log steps higher. MRSA
was only found sporadically. Molecular typing indicated 26 XDR bacteria (extensively drugresistant) with susceptibility to only one or two antibiotics in the clinical/urban system. The
rural system yielded no XDR strains. MST analysis revealed the presence of human gene
markers within the rural catchment area as well as light signals of ruminant and pig specific
Bacteroidales sequences.
Urban/clinical wastewaters were charged with a higher load of multidrug resistant bacteria
than the rural/municipal wastewater. Although most of these bacteria were eliminated during
wastewater treatment, dissemination into surface waters is possible as single resistant bacteria
were still present in the effluents of the wastewater treatment plants. Human wastewater is the
main source of fecal contamination - and consequently most likely the origin of ARB and
ARGs – in the rural catchment. But also animals themselves or manure can have a negative
impact on the water quality, albeit to a lesser extent. Future analysis in regard to infection
risks for the population using the receiving surface water bodies and identification of possible
critical control points will take these investigations into account.
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Antibiotic-resistant pathogens in wastewater inside poultry slaughterhouses and their
fate in in-house wastewater treatment plants
Savin, Mykhailo1, Heinemann, Céline1, Bierbaum, Gabriele2, Dohlen, Sophia1, Parcina,
Marijo2, Sib, Esther2, Kreyenschmidt, Judith1
1
ITW, University of Bonn, 2IMMIP, University Clinic Bonn
This study investigated the occurrence of antibiotic-resistant pathogens (ARP) in wastewater
from the poultry slaughterhouses and their emergence following wastewater treatment by inhouse wastewater treatment plants (WWTPs).
Wastewater samples were taken from transport trucks and along the production chain inside
two poultry slaughterhouses in Germany with slaughtering capacities of 125.000 (S1) and
440.000 (S2) chickens/day. Wastewater samples were taken also from a farm (S3) with
slaughtering capacity of 30 chickens/month. Inflows and outflows of the in-house WWTPs
with daily treatment capacities of 600 m3 (S1) and 3300 m3 (S2) were sampled as well.
Samples were screened for the presence of ARP using CHROMagar selective media. Up to 6
colonies of appropriate morphology per sampling point were selected. The final identification
was done by MALDI-TOF MS and resistance was confirmed by determining of MICs using
the ID/AST testing system. The resistant strains were further characterized by different
molecular typing approaches. The colistin-resistant strains were screened for the presence of
mcr-1, mcr-2 and mcr-3 by rt-PCR.
A total of 201 resistant strains were isolated from 48 samples from S1 and S2, and 142 strains
were isolated from 24 samples from S3. 88% of all strains from S1 and S2 were represented
by E. coli, MRSA and A. baumannii complex, whereas their abundances in the outflows from
in-house WWTPs were the lowest. 12% of the isolated strains belonged to Klebsiella spp.
(6%), Enterobacter spp. (4%), Citrobacter spp. and Pseudomonas spp. each 1%. E. coli and
A. baumannii complex were the most widespread (93% of isolated strains) in S3. The
percentages of K. pneumoniae and C. freundii were low and lay at 4% and 3% respectively.
No VRE were detected.
37,1% of the isolated strains from S1 and S2 (n= 170) were MDR and 18,8% colistinresistant, whereas 37,5% thereof were mcr-1 positive and none mcr-2/mcr-3 positive. 52,3%
of the E. coli and 5,4% of the strains from A. baumannii complex were MDR. The
percentages of MDR among Klebsiella spp. and Enterobacter spp. were 69,2 % and 75%
respectively. 6,3% of the isolated strains from S3 were MDR and 2,6% colistin-resistant (all
negative for mcr). All isolated strains were carbapenem susceptible.
Phylogenetic typing of E. coli showed that the most frequent phylogenetic groups of strains
from S1 and S2 (n=71) were C (49,3%) and B1 (23,9%), followed by E and F (each 9,9%) as
well A (5,6%). Only 1,4% of strains belonged to the pathogenicity-associated extraintestinal
group B2. 71,9% of E. coli from S3 belonged to group E, 25% to groups B and C as well
3,1% to group A. No strains from groups B2 or D were isolated.
The MRSA strains (n= 15) were known livestock-associated types and revealed following
types: t034 (60,0%), t011 (20,0%), t899 (13,3%) and t8588 (6,7%).
In conclusion, antibiotic-resistant pathogens are widely spread in the wastewater inside the
investigated poultry slaughterhouses. Despite the reduction by the WWTPs, they could still
be found in the outflows, posing a threat to human health, and a need for further
investigation.
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Evaluation of advanced wastewater processes to eliminate opportunistic pathogens and
antibiotic resistant bacteria
Hembach, Norman1, Alexander, Johannes1, Wieland, Arne2, Hiller, Georg3, Schwartz,
Thomas1
1
Karlsruher Institut für Technologie, 2Xylem Services GmbH, 3Zweckverband Klärwerk
Steinhäule
Wastewater treatment plants are important barriers against the dissemination of opportunistic
pathogens and antibiotic resistant bacteria to the aquatic environment. In contrast to chemical
pollutions bacteria from condition wastewater can persist and proliferate under suitable
situations in downstream aquatic habitats. To reduce the amount of opportunistic bacteria and
the dissemination of antibiotic resistance genes (ARG) through wastewater discharge, an
elimination/disinfection application or a highly effective reduction is needed. The current
conventional wastewater treatment is not designed to efficiently reduce opportunistic and
antibiotic resistant bacteria. Also the more commonly used active carbon filters, which offer a
high removal of micropollutants, are insufficient.
Based on different bacterio-physiologic characteristics, 5 advanced wastewater treatments
processes were investigated for their microbiological removal potential. The first process
utilized Ozone (1 g ozone per g DOC) to treat wastewater after biological treatment. The
second was a UV-treatment (400 J per m²). The consecutive application of Ozone- followed
by UV-radiation was the third investigated process. An ultrafiltration as well as an active
carbon filter followed by sand filtration for comparison represented the most recently studied
advanced wastewater processes.
The detection of opportunistic bacteria and ARG was performed by qPCR utilizing
taxonomical marker genes for intestinal enterococci, Pseudomonas aeruginosa, Klebsiella
pneumoniae,
Acinetobacter
baumannii,
and
Escherichia
coli.
Betalactamases/carbapenemases (blaTEM, blaCTX-M, blaCTX-M32, blaNDM-1, CMY-2,
blaVIM2, OXA48), macrolide resistance (ermB), tetracycline resistance (tetM), sulfonamide
resistance (sul1), and ARGs against last line of defense antibiotics like vancomycin (vanA)
and colistin (mcr-1) were investigated by qPCR. For all analyses life/dead discrimination was
applied to remove dead/injured bacteria and free/released DNA prior to qPCR quantification.
A synergy-like effect in the reduction of opportunistic bacteria and ARG was observed by
combining ozone treatment and UV irradiation. Here an increased reduction was analyzed up
to 3 orders of magnitude. Particularly P. aeruginosa displayed robustness towards ozone but
the subsequent UV irradiation improved its reduction. A similar synergy-like effect of ozone
and UV was observed in case of the investigated ARGs. Most of the beta-lactam/carbapenem
resistance genes were reduced below the detection limit including the ARGs against last line
of defense antibiotics vancomycin (vanA) and colistin (mcr-1). But higher abundant ARGs
like blaTEM, ermB, tetM, and sul1 were still found in residual abundances in the effluent of
the combination treatment.
In general the combination of ozone treatment and subsequent UV irradiation displayed a
greater effect in bacteria reduction compared to each individual process. The highest removal
of bacteria was achieved by ultrafiltration, reducing up to 5 orders of magnitude of
enterococci. Other opportunistic bacteria were either reduced close to, or below detection
limit (K. pneumoniae, A. baumannii). In case of ARGs ultrafiltration reduced all but blaTEM
below the detection limit. Activated carbon filtration showed no effective removal for all
opportunistic bacteria and ARGs (less than 40%).
But what is not well understood is the fate of these determinants after discharge from
WWTPs plus their release via untreated wastewater into the environment and what impact
they have on various ecological communities, including humans.
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Antibiotic free meat: (im-)possibilities from a
supply chain point of view
HW Saatkamp (BEC), D Oorburg (VION), J Simons (Uni-Bonn), JL Roskam (BEC) and M Hartman (Uni-Bonn)
BEC: Business Economics Group, Wageningen University; Uni-Bonn: Institut für Lebensmittel- und Ressourcenökonomik, Universität Bonn; VION: VION Food Group

Background

... (quite often) farm-specific factors, e.g. animal-disease interaction,
farm health management and the risk-attitude of the farmer. Between
farms, a large variation in ABU and production results occur (Figure
1). This offers prospects for reduction of ABU. However, ABU reduction
without compromising farmers’ income requires well-focused and
farm-specific measures. This could harbor conflicts with harmonized
sector-wide measures, i.e. acceptance and compliance by individual
farmers. Summarized results of quantitative economic research will be
presented.

Antibiotics (AB) are widely used in livestock production, particularly
pigs and poultry. The risk of development of resistance to antibiotics
(ABR) has been recognized in the last decades. Main fear is that
infections in humans, which currently can be treated rather easily with
available ABs, will become uncurable in the future. In response,
intiatives are taken at various levels to reduce or even abandon use of
ABs (ABU). Such initiatives have various (conflicting) impacts on the
different actors in the value chain network, as well as on its
organisation. Hence, reduction of ABU involves various aspects and
many stakeholders, and requires a comprehensive inventory of (im-)
possibilities and reasons thereof.

Antibiotics: perspective and demands from consumers (J
Simons)
Many consumers consider antibiotics as an integral and necessary part
of an animal husbandry system that is perceived as rotten,
nightmarish and only profit oriented. Resistances and as a
consequence an increasing defenselessness against infections appear
as a result of a condemnable treatment of animals. But even though
the husbandry system in general and antibiotics in particular is
experienced as threatening, many consumers succeed in suppressing
and splitting off while purchasing, handling and eating meat. However,
antibiotic free meat may have market prospects as – it is supposed to
have a direct link to personal health.

Objective
The objective is to inventorize the important issues regarding
production, processing and marketing of meat produced with reduced
or no ABU.

Program of the organized session
The session (approximately 90 minutes) starts with an introduction
(HW Saatkamp) and ends with a short wrap-up and outlook (M
Hartman). Short presentations and activities include:
1. Antibiotic use: the farm economic perspective (JL Roskam)
2. Antibiotics: perspective and demands from consumers (J Simons)
3. Reduction of ABU: the viewpoint of slaughterhouses and retail (D
Oorburg)
4. Selection of 5 key-factors (HW Saatkamp)
5. Discussion of the 5 key-factors (moderation: J Simons)

Reduction of ABU: the viewpoint from slaughterhouses and
retail (D Oorburg)
The adverse effects of a complete ban on ABU are unacceptable (e.g.
impaired animal health and welfare) as well as unnecesarry (i.e. in
view of the development of AB resistance). Essential is aiming at the
right balance of ABU, i.e. responsible ABU. This could serve the
interests of both the consumers and producers. However, this requires
a carefully developed implementation, particularly with regard to
protocols of ABU, safe-guarding and auditing. Moreover,
communication to both producers and consumers is vital for
acceptance and compliance.

Short contents of the presentations
Antibiotic use: the farm economic perspective (JL Roskam)
ABs are a relatively (very) cheap damage abatement input for
livestock production. Moreover, in case of structural inefficiency and/or
incidental diseases, ABU has a high marginal production value. This
high economic value is a main incentive for ABU. Additionally, ABU can
be a cheap (disease) risk management instrument. Hence, the
economic impact of reducing ABU is determined by many ...

Aims of the structured discussion
This requires an active involvement of the audience! The aim is to:
• Critically evaluate major determining issues for reduction of ABU
during production and marketing of products
• Discuss, and thereby inventorize, the (im-)possibilities for
implementation (not only economical, but also organizational,
institutional, etc.)
• Identify strong and weak points of future brand concepts for meat
with reduced or no ABU
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Introduction
It is a global challenge to refashion food systems (Heller et al.,
2013), to ensure the human nutritional health and avoid the
ecosystem degradation (Dernini et al., 2017). Dietary choices
are the central driver behind the environmental impacts (Heller
et al., 2018). For the enhancement of sustainable and
healthier diets, there is a need to integrate nutrition and
environmental sciences in a sophisticated manner (Heller et
al., 2013). The aim is to assess the impacts on the human
nutritional health and ecosystem health of self-selected
diets from individuals in a German metropolitan region, using
a nutrition-environmental epidemiological cross-sectional
life cycle assessment (LCA) study, to evaluate the level of
sustainability and healthiness of diets within local and
urban contexts. This study helps to integrate sustainable diets
and healthier food systems, complementing the already
existing One Health framework.

Material and Methods
Data
collection

•24h dietary recall
•Complementary questionnaire
Diet
Food items
Nutrients

Nutritional
assessment

Human
Health

Although Germany has already incorporated sustainability
aspects into the dietary guidelines (FAO and FCRN, 2016),
there are hindrances to achieve a sustainable and healthier
food system. It is noteworthy the prevalence of overweight
and obesity in the population (Benecke and Vogel, 2002)
and the diet-related non-communicable-diseases (IHME,
2017). The consumption of animal-based products exceeds
twice as the recommended (Gose et al., 2018), contributing
to environmental impacts not only nationally, but also
overseas.

References
Environmental
assessment

LCA

German dietary impacts on health and the
environment

Sustainable
& Health
Score

Ecosystem
Health

Own figure, based on the conceptual framework described by Heller et al. (2013)

Expected Outcomes
This study expects to integrate human nutritional health and
ecosystem health, complementing the already existing One
Health framework, underpinning domains concerning humananimal-environment interactions within the food systems. It is
imperative to conceal health and sustainability aims, and
understand how they interact in real diets, in order to promote
healthy and environmentally sustainable dietary shifts in urban
areas.
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INTRODUCTION

CONSISTENCY INSTRUMENTAL VARIATION

The non-targeted analysis (so called fingerprinting) is increasingly in
the focus of scientific interest. This approach is providing the
capability for comprehensive characterization of food matrices. The
generated data of the fingerprint are used for statistical data analysis
(univariate or multivariate) to investigate different authenticity issues.
One aspect examined in the project FoodAuthent* is the
comparability of Fourier transform-infrared (FT-IR)
fingerprinting spectra of a variety of edible oils recorded at
different devices .

 one step towards harmonization is to ensure the comparability,
inter alia, of identical devices
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Fig.2: Raw spectra of replicate measurement of one rapeseed oil sample
recorded at FT-IR spectrometer 1 (n=46) and 2 (n=46) .

 significant differences between intensities recorded at different
instruments are evident
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Fig. 1: General workflow of fingerprinting analysis.

 non-targeted simultaneous detection of as many features as
possible Ö “spectral fingerprint”
 comparison with an existing database (authentic range of
reference values)
 possibility to identify deviations from authentic samples (e.g.
addition of forbidden substances, false declaration)

CHALLENGES IN FINGERPRINTING
The routine use of fingerprinting is currently restricted to certain
products (e.g. juice, wine and honey) often in conjunction with
commercial solutions.
 analytical requirements for routine use are:
consistency instrumental
variation
consistency spatial variation
consistency temporal variation
validation of analytical procedure/quality assurance
measures
*The project is supported by funds of the Federal Ministry of Food and Agriculture
(BMEL) based on a decision of the Parliament of the Federal Republic of Germany
via the Federal Office for Agriculture and Food (BLE) under the innovation support
programme.
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Fig. 3: Scores-Plot (PC 1; PC 2) of PCA with 150 oil samples recorded at
FT-IR spectrometer 1 and 2 (as examples: green box – linseed oil, orange
box – rapeseed and pumpkin seed oil).

 investigation of sample set (n=150) by PCA to assess devices
difference
¾ without correction the spectra of two identical spectrometers are
not comparable
Approaches for Optimization
1. determination of a specific correction factor for the instruments
2. optimization by data pre-processing
¾ improvement of comparability by applying the two correction
approaches

CONCLUSION
 application of non-targeted analytical approaches in routine analysis
is limited
¾ need of measures towards standardization
 BMEL project FoodAuthent investigates some aspects of validation
and harmonization:
¾ ensuring the comparability of measurements, e. g. using different
analytical devices from the same manufacturer
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Use of Antibiotics in Meat Producing Animals in Bangladesh: A Regulatory Review
Dr. Abu Noman Mohammad Atahar Ali, Associate Professor of Law, North South University, Bangladesh;
Honorary Post-doctoral Fellow, School of Law, University of Wollongong, Australia.

Abstract: Antibiotics are randomly used in Bangladesh for quick fattening of different meat producing animals (including poultry chickens). Although WHO Guidelines on Use of
Medically Important Antimicrobials in Food Producing Animals released in 2017 strongly recommended complete restriction of use of all classes of medically important
antimicrobials in food producing animals for growth promotion. This research, in its primary empirical analysis found that farmers, consumers and even regulators are not
aware of the fact that widespread use of antibiotics in meat producing animals might create antimicrobial resistant infections that could be transmitted to human health
through food or through direct contact with food-producing animals or through environmental spread. In absence of the effective regulation and adequate qualitative legal
scholarship on the use of antibiotics on food producing animals and its possible impacts on public health, the current study will attempt to find out the regulatory changes that
could be done by the government of Bangladesh without further delay. First, the present study will analyze available literatures from various disciplines, such as law, public
health, veterinary sciences and so forth. In the next stage animal farmers, meat consumers, public health professionals, veterinary scientists and regulators will be interviewed
to examine the reasons of use of antibiotics in food producing animals. Finally, based on the mixed methodological data a set of recommendations will be made for the
government of Bangladesh on how random use of antibiotics can be stopped to the food producing animals effectively. In doing so the “One Health” approach suggested by
WHO will be taken into consideration.

Why farmers use antibiotics in meat producing animals

What are the consequences of using antibiotics in meat producing animals

¾ For fattening the cows and poultries so that it looks healthy and so that the
farmers can sell them in higher price

¾ The antibiotic use in meat producing animals in Bangladesh creates antimicrobial
resistance which threatens the effective prevention and treatment of an everincreasing range of infections caused by bacteria, parasites, viruses and fungi. (WHO,
2018)
¾ Antibiotics are not working on 56% population of the country

¾ For producing more meat to meet the demand of protein
¾ For ignorance of updated knowledge regarding poultry and animal feed
¾ For the higher cost of alternative feeds

¾ Public health situation worsening day by day

¾ Antibiotics are not optimally prescribed up to 50% of the time

¾ Environment is contaminated

¾ At almost 100% pharmacies sell antibiotics without seeing any prescriptions

¾ Effectivity of the exiting regulation got questioned

¾ For regulatory drawbacks regarding animal feed and meat production

Principle regulation to restrict the use of antibiotics meant producing animals
The Fish Feed and Animal Feed Act, 2010. Section 14 talks about the banning of the use of antibiotic in animal feed. S 14(1): Any harmful chemicals including antibiotic, growth
hormone, steroid and insecticides cannot be used in fish feed and animal feed. S 14(2): Any body violating the provision of sub-clause (1) will come under the purview of crime
under this law.

Legal drawbacks of the Fish Feed and Animal Feed Act, 2010 for combating use of antibiotics in meant producing animals
1. Problems in criminalizing the antibiotics use through injection:
The word as “Animal Feed“ has been defined as “… various nutritious feedstuff
and mixtures thereof prepared artificially or through other means for the
purpose of living and saving the animals from malnutrition...” - s 2(6). The word
“Adulterated fish feed and animal feed” means any fish feed or animal feed
containing poisonous or harmful substances which are harmful for fish, livestock
or other animals or environment or such fish feed or animal feed which is not in
consistent with the matters as mentioned under clause 11 and 13 or proved in
the Quality Control Laboratory as adulterated or poisonous or harmful fish feed
or animal feed or as injurious substances” - s 2(11). Feeds are generally taken
through mouth. So if an animal is injected antibiotic for growth purpose – it
would not mean the “feed”. Hence, the injecting antibiotic for growth purpose
has not been criminalized in the law.
2. Hindrance to Access to Justice:
S 18 of the Act talks in regard to the acceptance of trial for crime committed. It
says “without any written complaint of the Director General or empowered
officer, no Court shall accept any case for trial under this law.” – This embargo is
creating limitation to access to justice for a victim of unwanted use of
antibiotics.

3. Bailable offence:
S 20 says that the crimes committed under this Act will be non-cognizable and bailable.
This paper argues that considering the long standing effect of antibiotics on human
health and civilization, this should be a non-bailable offence for the time being until the
happening of this offences come under control.
4. Very Low Punishment:
As per s 20, if any person commits any crime under this Act, that person will undergo
imprisonment of one year or penalty up to Tk 50,000/- or will be convicted in both the
cases simultaneously. The current paper considers that this punishment is very low. The
civil penalty is insignificant since the businesspeople are extremely rich and they make a
huge amount of profit by violating the law. 50,000 taka (equivalent to 500 Euro) is not a
remarkable civil penalty considering the value of currency in Bangladesh.

Problems in the enforcement mechanism to eradicate or to reduce antibiotic use in meat producing animals
Problems in administrative enforcement mechanism

Problems in judicial enforcement mechanism
No one can sue against a person who uses antibiotic as growth promotor without
the prior permission of Director General or empowered officer

¾

Adequate number of labs are not available to test the existence of
antibiotics in foods

¾

¾

Adequate number of mobile courts are not available in the rural area to
monitor antibiotic use on meat producing animals

¾

Since it is a bailable offence – the businesspeople who commercially use antibiotics
as growth promotors easily get bail with highly experienced and reputable lawyers.

¾

As per the annual report of 2016-17 by the Ministry of Fisheries and
Livestock – only 44 mobile courts have been administered in a year
throughout the country which is extremely insignificant

¾

¾

Sometimes corrupt officials let the culprits continue their business where
antibiotics use are random.

The administration of mobile courts have been long questioned by the highest court
of the country. Mobile courts rarely go for criminal punishments (such as
imprisonment). Hence, very few cases are filed which may led the culprits to go
behind the bar.

Other problems to eradicate or to reduce antibiotic use in meat producing animals
¾ Many farmers are not aware of the danger of antibiotic use. The author has found that more than half of the farmers do not possess knowledge about the risk of
unauthorized antibiotic use in meat producing animals
¾ The Govt has discovered a poultry feed made with several herbal leaves in Bangladesh (GOB report, 2016-17) which can fatten the poultry very quickly. But few farmers are
aware of this new feed.
¾ Antibiotic use for fattening of meat producing animals are not scientifically proven. But as the other farmers use it- many of the farmers are using it following the fellow or
predecessor farmers. The awareness creating campaign by the Government is not enough.

‘One Health’ approach to combat antibiotic use in meat producing animals
¾ Bangladesh developed a Strategic Framework for One Health Approach to Infectious Diseases in 2012. (GOB, 2017). Later it was recognized by the Ministry of Fisheries
and Livestock.
¾ Government has established an Inter-Ministerial Steering Committee for One Health in 2016. (WHO, 2017)
¾ There is a notable One Health network established in 2008 namely, ‘OH Bangladesh’. It regularly arranges international OH conference in Bangladesh. (McKenzie et el,
2016)
¾ ‘The OH Hub, Bangladesh, established in 2013, with focal points from the Institute of Epidemiology Disease Control and Research and the Department of Livestock
Services and a membership of 44, is integrated with and supports the OH Bangladesh organization’. (McKenzie et el, 2016)
¾ However, adequate researches are not found following One Health approach for reducing or eliminating antibiotic use in meat producing animals in Bangladesh.

Recommendations
¾ The Fish Feed and Animal Feed Act, 2010 should be updated taking into account the
above-mentioned regulatory loopholes

¾ Alternative feeds for fattening the meat producing animals should be invented
and made available at cheaper price

¾ More research should be conducted following the One Health Approach

¾ Government should concentrate on creating awareness among consumers to
avoid meats where antibiotics have been used

¾ Farmers and concerned businesspeople should be trained properly to avoid
antibiotic use in meat producing animals

¾ Government should create laboratory facility available where existence of
antibiotics could be easily tested.
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NUTRITIONAL ROLE OF
F SELENIUM,
PRODUCTION OF SELENIUM
M ENRICHED MILK
Réka Juhászné Tóth*, Dóra Kiss, János Csapó
Institute of Food Technology, Faculty of Agricultural and Food Sciences and Environmental Management, University of
Debrecen, Hungary (Debrecen, Böszörményi street 138. A/120, 4032 Hungary)
e-mail: tothre@agr.unideb.hu

Introduction:
Selenium was invented in 1817. It has been regarded as a toxic and carcinogen element, but in 1957
Schwartz and Foltz published that selenium could avoid the necrosis of the liver[1]. From 1973, we
know that selenium is the main element of glutathione-peroxidase which fights against harmful free
radicals[2]. Selenium deficiency increases the risk of depression, heart and vascular diseases, brain
hemorrhage, thyroid malfunction and the formation of some type of cancer. It connects to Keshandisease, Keshan-Beck syndrome, Down’s syndrome and the infant cretinism[3-5].
The risk of selenium deficiency in case of people on a healthy, various diet is low, but in Europe the soil
is poorly selenized, which could indicate health hazard. The RDA of selenium is 55 μg/day, the upper
limit is 400 μg/day according to the WHO. The selenium sources are the followings: liver, seafood,
meat, milk, etc. The average selenium content of the milk is 25 μg/l, and it supports our daily selenium
intake in 6-10%[6]. That’s the reason why we decided to produce functional, selenium enriched milk.

Results:
On the 2nd picture you can see the average selenium
content of the milk. Our experimental milk contain more
selenium than the control sample.
The selenium content of the experimental milk is more
than the control in every dose. The difference is
significant, so we proved that we can produce functional
milk with feeding cows with selenized fodder.

Diet
(fodder ± supplementation)
1-2
Basal diet
3-4
Basal diet + 1 mg Se/day
5-6
Basal diet + 2 mg Se/day
7-8
Basal diet + 4 mg Se/day
1. picture: Selenium supplementation

Weeks

100
81

80
(μg/kg)

Materials and methods:
In our experiment, we intended to produce selenium
enriched milk by feeding three ’Hungarian Simmentaler’
type cows with different dose of selenium (1. picture).
Every dose of the supplementation took 2 weeks long. We
gathered milk samples weekly, and we froze it until the
ICP measurements. Freezing has no effect on selenium
content of the milk.
We made dairy products to prove that oral selenium
supplementation appears in the products as well.

60

53

40
20
0

31
18

Control

1 mg
Se/day

2 mg
Se/day

4 mg
Se/day

2. picture: Se content of the milk (μg/kg)

Summary:
Milk as a basic nutrient is a selenium source for humans. Adding selenium into milking cows’ feed
gives an opportunity to increase the selenium content of the milk. According to our measurements, the
Se-enriched dairy products may be suitable for satisfying the daily Se-needs.
References:
1. Schwartz K. - Foltz C.M. (1957): Selenium as an integral part of factor-3 against dietary necrotic liver degeneration. Journal of American Chemical Society, 79: 3292-3296.
2. Rotruck J.T. - Pope A.L. - Ganther H.E. - Swanson A.B. - Hafeman D.G. - Hoekstra W.G. (1973): Selenium. Biochemical role as a components of glutation peroxidase. Science, 179: 588-590.
3. Gey K.F. (1998): Vitamins E plus C and interacting conutrients required for optimal health. A critical and constructive review of epidemiology and supplementation data regarding
cardiovascular disease and cancer. Biofactors, 7: 113-74.
4. Finley J.W. - Penland J.G. (1998): Adequacy or deprivation of dietary selenium in healthy men: clinical and psychological findings. The Journal of Trace Elements in Experimental Medicine,
11: 11–27.
5. Burke M.P. - Opeskin K. (2002): Fulminant heart failure due to selenium deficiency cardiomyopathy (Keshan disease). Medicine, Science, and the Law, 42(1): 10-13.
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ONE HEALTH APPROACH IN PROJECT IN
FOOD SECURITY AND SAFETY
IN SOMALILAND
Larrateguy, Maria Victoria1; Braus, Antonia 1; Schug , Angela 1; Abdalla, Kassim Youssf 2; Kiboye, Maurice 3
1

Vétérinarires sans Frontières Germany, Berlin, Germany,
sans Frontières Germany, Hargeisa, Somalia,
3 Vétérinarires sans Frontières Germany, Nairobi, Kenia,

2 Vétérinarires

Vétérinaires sans Frontières Germany has implemented various projects in collaboration with local private and public stakeholders in
East Africa for 27 years, under the One Health approach that is now gaining recognition in health policies and brings together multiple
disciplines to achieve optimal health for people, animals and environment. Somalia is deeply affected by a civil war which is lasting for
more than 20 years. Additionally, food security is currently threatened due to consecutive seasons of poor rainfall affecting 5.7 million
people (World Food Programme, 2018). In pastoral communities like in Somaliland, animal products provide essential high-quality
proteins and micronutrients for the growth and health of the population (Zinsstag, et al., 2002) and livestock related activities account for
60-70% of the gross domestic product and employ 80% of the workforce.

MATERIAL AND METHODS:
CHALLENGES OF THE SOMALILAND MEAT AND MILK SECTOR
•
•
•
•
•
•

Recurrent droughts pastoral migration
Animal diseases and low quantity and quality production
Insufficient knowledge on hygiene practices
Poor quality of marketed milk (food safety concerns)
Poor marketing infrastructure / equipment
Inadequate regulatory systems in the meat and dairy
sector Public Health and Veterinarian Health Sector?

Fig. 5: CAHWs Training
i i

© VSFG

© VSFG

Fig. 13: Hygiene and Technical Processing Training

Capacity
building

Animal
Health

One
Health

© VSFG
Fig. 12: CAHWs in Practical Training

Fig. 6: Hygiene and Technical Processing Training

Women
Empower
ment
© VSFG
Fig. 7: Equipment Distribution

Public
Health
Sector:
POLICY

Fig. 1 & 2: Milk Selling Posts

Infrastructure

© VSFG

© VSFG
Fig. 11: CAHWs Kit Distribution

Fig. 8: Equipment Distribution

Fig. 3: Meat Selling Post

MAIN

OBJECTIVE
improve food-security, -safety and
livelihoods of the milk and meat value chain members producers, processors, vendors and Community Animal
Health Workers (CAHWs) - (direct beneficiaries) and local
population (indirect beneficiaries) in Somaliland.

© VSFG
Fig. 10: Regulatory Framework Workshop

© VSFG
Fig. 9: Village Milk Centre in construction

RESULTS:
• Improved animal health of the herds: total of animals receiving animal health services by 20 CAHWs trained by this project
28.701
(hence 3.220 reached households)
• Better quality and safety of local animal products scaling up the access of the population to hygienically improved animal protein
• Improved income of producers, vendors and processors
price of fresh milk went from 0,8 Dollar to 1,25 Dollar / Liter
• Fifteen Income Generating Women Groups (IGA) improved business associations, receive support in finances and management
• 26 staff members from Ministry of Livestock and 75 members from three project districts received policy formulation, implementation and
evaluation trainings
improved capacity to regulate and provide services in the milk and meat sectors by governmental institutions
• Participatory development of a context-relevant policy framework for the milk and meat sectors

REFERENCES:
- World Food Programme. 2018. http://www1.wfp.org/countries/somalia
- Zinsstag J, Schelling E, Daoud S, Schierle J, Hofmann P, Diguimbaye C, Daugla DM, Ndoutamia G, Knopf L, Vounatsou
P, Tanner M. 2002. Serum retinol of Chadian nomadic pastoralist women in relation to their livestock’s’ milk retinol
and beta-carotene content. Int J Vitam Nutr Res; 72(4):221-8.
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One Health – Transdisciplinarity at ZB MED
Eva Seidlmayer, Christoph Poley
ZB MED – Information Centre for Life Sciences

1. Background

2. One Health as a transdisciplinary
research principle

3. Interdisciplinarity or
transdisciplinarity at ZB MED?

Ebola, SARS, bird flu, food safety scandals, antibiotic
resistance, and microplastics in water and organisms all
have one thing in common. They are clear examples of
why pathologies and diseases can no longer be
explained in isolation without reference to how we feed
ourselves, how we produce food, and how we assist the
vulnerable and needy. Our understanding of medicine in
today's world requires us to take a far more complex
view of human beings within the ecosystems they
inhabit. Since the last decade, this holistic
understanding that environmental factors can impact
human health has been referred to as One Health.

One Health is an integrated, systemic research
approach. It recognizes that human health is closely
connected to the health of livestock, wild animals and
nature (Cumming 2015).

ZB MED takes a transdisciplinary approach to its
provision of literature and services (Mittelstrass 2007).
Transdisciplinarity focuses on determining the most
relevant problems by integrating diverse forms of
research. It breaks down the historically conditioned
limitations of conventional research strategies while
also applying a critical eye to the received content.
Incorporating both disciplinary and interdisciplinary
styles of research, transdisciplinarity does not imply the
dissolution of individual specialist disciplines, but rather
their integration, if and when this is conducive to
addressing research questions.

o
One Health is an age-old concept
that is implicitly
referenced in ancient Greekk philosophy. It is currently
taking on new relevance in sscience and policymaking as
a result of climate change, gl
globalisation, and the
e animals and goods.
increasing mobility of people,

ZB MED – Information Centre for Life Sciences offers
tailor-made tools for research questions concerning
One Health and related fields.

4. One Health tools
at ZB MED
• Structured literature from the full range of life sciences in
the ZB MED Knowledge Environment: more than 60 million
records from 65 databases, 58% of which cover
medicine/health, 31% agricultural science, 14%
environmental science, and 11% nutritional science (some
databases appear in more than one category)
• Data enrichment through the addition of research data,
information on availability, and other forms of
enhancement.
Search portal

Data
interface

Automatic information
interface

LIVIVO

ZB MED
Knowledge
Discovery

4.1 Support for
transdisciplinary research
• Search queries and metadata on the LIVIVO search
platform are expanded to include vocabulary from
the specialist thesauri MeSH (medicine), AGROVOC
(agriculture) and UMTHES (environment)
• enhances search queries
• assigns items to specialist groups
• identifies related terms
• Transdisciplinary filtering and frame of reference for
search results
• Availability of open access full texts and research
data, plus access to licensed full texts from any
location

ZB MED Knowledge Environment

Local
data

Composite
data

Databases

Research
data

Availabilities

OA-full
texts

4.3 Publishing on
transdisciplinary topics
• Publication of disciplinary and
interdisciplinary journals, handbooks,
congress abstracts, research data and
grey literature
• Gold and green open access publishing
• Advice on open access and research
data management

4.2 Unique perspectives on
holdings based on ZB MED
research
• Use of ontologies to link literature to databases
facilitates disciplinary and transdisciplinary
searches in LIVIVO (Müller et al. 2017)
• ZB MED develops its own tools for the
interoperability of ontologies, making it possible
to link records, display graphical relationships,
rank individual items by relevance, run complex
searches of related terms, and link to the
specialist thesauri MeSH (medicine), AGROVOC
(agriculture) and DrugBank (pharmaceutics)

References
• Cumming, D. and G. Cumming, 2015. One Health. An Ecological and Conservation Perspective. In: Zinsstag, J., E. Schelling, D. Waltner-Toews, M.
Whittaker and M. Tanner (eds.): One Health. The Theory and Practice of Integrated Health Approaches, 38–52.
• Mittelstrass, J. 2007. Methodische Transdisziplinarität. Mit der Anmerkung eines Naturwissenschaftlers. In: LIFIS online. Available online at
http://www.leibniz-institut.de/archiv/mittelstrass_05_11_07.pdf, last accessed on 25.06.2018.
• Müller, B., A. Hagelstein and Th. Gübitz, 2017. Life Science Ontologies in Literature Retrieval. A Comparison of Linked Data Sets for Use in Semantic
Search on a Heterogeneous Corpus. In: Ciancarini, P., F. Poggi, M. Horridge, J. Zhao, T. Groza, M. Suarez-Figueroa C. et al. (eds.): Knowledge Engineering
and Knowledge Management, 158–161.

Contact details
Dr. phil. Eva Seidlmayer
Information Services Department
ZB MED – Information Centre for Life Sciences
Gleueler Strasse 60
50931 Cologne, Germany
seidlmayer@zbmed.de
livivo@zbmed.de
www.livivo.de

5. Summary
ZB MED – Information Centre for Life
Sciences offers a range of services that
support research strategies for questions
in the field of One Health and in the fields
of medicine and nutritional, environmental
and agricultural science, catering to both
disciplinary and interdisciplinary
perspectives.
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Introduction - EPFA general concept
Entomopathogenic fungi (EPF) are naturally occurring insect pathogens
that have the potential to be used for pest control. Different species
isolates of EPF only kill specific species of insect, making the use of
these organisms’ eco-friendly and sustainable pest management
options for improving crop production. EPFA is a decision Support
System (DSS) for modeling and mapping the virulence of fungal-based
biopesticides when applied against a specific insect pest. The software
uses time-dose-mortality data to establish temperature dependent
models for the virulence of a fungal-based biopesticide against a
selected agricultural pest; and by step by step, the virulence models are
linked to regional and continental climate data for spatial mapping of the
potential zones of efficacy of the biopesticide in pest suppression.

Material and methods

EPFA-software UML component diagram. EPFA user interacts with the system
through the GUI with two perspectives (Model designer and Mapping perspective).
The GUI is based on the Eclipse-RCP and Udig-RCP components. Rserve allows
the communication between R and Java created objects through the port 6311

Objectives
• To establish temperature dependent models for the virulence of
a fungal-based biopesticide against a selected agricultural pest
using time-dose-mortality data
• To link the virulence models to regional and continental climate
data for spatial mapping of the potential zones of efficacy of
the biopesticide in pest suppression
• To estimate the optimum required distance between traps or
number of auto dissemination device to be placed per unit of
space (ha, km2) in an agro-ecosystem to control the insect
pests

Modules and functionalities of EPFA







     

EPFA user interface presenting the wizard output of temperaturedependent virulence model of the designing process for the selection of
the model for further analyses

EPFA flow chart diagram for the DSS for the optimum application of EPF.

Results and Discussion
EPFA is a module based DSS for mapping zones of efficacies of fungalbased bio-pesticides by predicting the zones of their potential virulence. This
tool could be of great help for scientists, pathologists and IPM practitioners in
their attempt to increase the use and application of EPF in a more efficient
way in agriculture IPM context..

International Centre of Insect Physiology and
Ecology (icipe)
P.O. Box 30772-00100, Nairobi, Kenya
Tel: +254 (20) 8632000. E-mail: icipe@icipe.org
www.icipe.org

Cameroon map of potential efficacy of ICIPE 62 isolate when used
against Mustard aphid modelled with the EPFA software. The level of
efficacy varies between 0 and 1. Locations with zero percent (0%)
probability of efficacy are displayed in white values between 0 and 0.5 in
blue, values between 0.5 and 0.75 in green and values between 0.75 and
1. In red indicating the highest efficacy levels.

DISTINGUISHING BETWEEN MRSA (METHICILLIN-RESISTANT
STAPHYLOCOCCUS AUREUS) AND MSSA (METHICILLINSENSITIVE STAPHYLOCOCCUS AUREUS) WITH MALDI-TOF MS
Brigitta Horváth1, Ferenc Peles1, László Bereczki2, Ágnes Erős3, Rita Sipos3, Csaba Lovász4, Adrienn Micsinai4 Ervin Albert5
1. Institute of Food Science, Faculty of Agricultural and Food Sciences and Environmental Management, University of Debrecen, Böszörményi str. 138, 4032
Debrecen, Hungary
2. MikroMikoMed Ltd. H-1036 Budapest Lajos str. 74-76. Hungary
3. BIOMI Ltd. H-2100 Gödöllő Szent-Györgyi Albert str. 4 Hungary
4.WESSLING Hungary Ltd. H-1045 Budapest Anonymus str. 6. Hungary
5. University of Veterinary Medicine, Department and Clinic for Production Animals H-2225 Budapest Hungary

INTRODUCTION
MRSA infections in the hospital or other associated environments often lead to serious symptoms or in extreme cases death.
These microbes can also be isolated from community; livestock associated sources and food products.
AIM
The aim is to be able to identify these multi-resistant microbes faster, cheaper and more reliably in a routine diagnostic laboratory
- to develop a method that accomplishes this goal by using the MALDI-TOF MS (Matrix Assisted Laser Desorption IonizationTime of Flight Mass Spectrometry) technique.
MATERIALS AND METHODS
The MALDI-TOF MS technique is based on coupling a laser ion source and a time-of-flight mass spectrometer. The energy of the
laser emitted is absorbed by the matrix, which in turn ionises the target compounds of the sample, and thus they can enter the
vacuum of the mass spectrometer and finally reach the detector. The obtained mass spectra provide information on the protein
and macromolecule profiles of the sample. This fingerprint pattern serves as a base for the routine identification of the microbes,
compared to a validated database. In addition, this fingerprint pattern can be potentially use to differentiate MRSA and MSSA
(methicillin sensitive Staphylococcus aureus) isolates.
First step: Determination of
resistance with cefoxitine disc
(Fig. 1.)
Applied culture media:
- Blood
Fig. 1.
- Mueller-Hinton
- Baird-Parker
- 24 h, 37oC

Second step: sample preparation
-Direct mounting
-Modified direct mounting
-Ethanol sample preparation
-Direct mounting with FA

Third step:
-1μl sample on the target (Fig.2.)
- automatic run method with
MALDI-TOF MS (Fig. 3.)
Fig.2.

Fig. 3.

MALDI-matrixes:
- α-HCCA (α-Cyano-4-hydroxy cinnamic acid)
- SA (sinapinic acid)

RESULTS
The method development includes an assessment of the effects of the culture media, sample preparation (direct mounting,
ethanol/formic acid), and the use of different MALDI matrixes (HCCA, SA) on the obtained mass spectra. The strains used are
characterised biochemically and genetically by 16S rDNA sequence and MLST (multi locus sequence typing) techniques. Based
on the results of the MLST we worked with 6 different sequence types. One MRSA and one MSSA strain are of the same
sequence type. The optimal sampling methods were the modified direct mounting with SA-matrix, on Blood media. In the
experiment we found 9 peaks which are suitable for the separation of MRSA and MSSA. Of these 9 signal peaks, the 2414 m/z
ion peak was the only one present in all MRSA strains.
The effect of sample preparation on spectra

The effect of culture media on spectra

Ethanol sample preparation
Baird-Parker

Modified direct mounting

The effect of MALDI-matrixes on spectra
α-HCCA

α-HCCA
Blood

Direct mounting with FA
SA

Mueller-Hinton
Direct mounting
SA

CONCLUSIONS
The MALDI-TOF MS technique can be suitable for distinguishing between certain MRSA and MSSA isolates. Among the sample
preparation methods, modified direct mounting was found to be the most suitable, because this method combined with SA-matrix
presents biomarkers for separation. We found 9 signal peaks based on which MRSA and MSSA isolates could be separated.
ACKNOWLEGDEMENTS
The work/publication is supported by the EFOP 3.6.1-16-2016-00022 project. The project is co-financed by the European Union
and the European Social Fund.

APPROPRIATE MEASURES FOR OUTPATIENT ANTIBIOTIC USE IN EUROPE
R. Bruyndonckx1,2, N. Hens1,3, M. Aerts1, A. Versporten2, S. Coenen2,4,5 and H. Goossens2
1. Interuniversity Institute for Biostatistics and statistical Bioinformatics (I-BIOSTAT), Hasselt University, Belgium
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Data

Introduction
Antibiotics: drugs used to treat bacterial

ESAC project (2000-2007):

EARSS project (2000-

infections

• Number of defined daily

2009):

Used too often

doses per 1000 inhabitants

Used incorrectly

per day (DID)

Antimicrobial resistance: abilityy of bacteria to
survive antibiotic treatment
⇒ Part of solution:

Results
Modelling antibiotic use:
Table 1. Parameter estimates
for the final model.

Seasonal variations
⇒ Non-linear mixed model

time

amplitude

Construction of final model:

DID 0.1037*

0.0187*

⇒ Drop non-significant

PID -0.0061

-0.0033

random effects
⇒ Drop non-significant

→ Penicillin nonnon
susceptibility (PNSP)
→ Erythromycin nonsusceptibility (ENSP)

(PID)

Methods

Repeated measures

pneumoniae

• Number of packages per
1000 inhabitants per day

gather trustworthy information
rmation

Modelling antibiotic use:

•Streptococcus

⇒ Significant increase in DID
Ù no significant change in PID

Linking use – resistance:
PNSP:
⇒ No time-lag
⇒ PID only
ENSP:
⇒ One year time-lag
⇒ PID and DID

fixed effects
Linking use – resistance:

Table 2. Odds ratio estimates
for final models.

PNSP: penicillin and
PNSP ENSP

cephalosporin use
ENSP: macrolide and

DID

tetracycline use

-

0.779*

PID 1.959* 3.683*

Time-lag of 0, 1 or 2 years:

Time 0.997 1.005

⇒ Generalized linear mixed

Æ Odds to be non-susceptible:

model
Construction of final model:
⇒ Drop non-significant DID
and/or PID

Figure. Average and country-specific (Belgium
and Netherlands) predicted (lines) and observed
(dots) total antimicrobial consumption.

increases with PID
decreases with DID

Conclusion: valid surveillance needs information on DID and PID!
Copyright © 2017 Robin Bruyndonckx: robin.bruyndonckx@uhasselt.be

“Transference of antibacterial resistance from environment to
agricultural and healthcare workers”
/ySH]0DJDxD5RVDULR3DWULFLD/ySH]9LGDO<RODQGD5HQp$UUHGRQGR/XLV-RVp6DPXHO3RQFHGH/HyQ5RVDOHV6LHEH*UDEDFK&KULVWLQD'9LOOD5RPHUR$QWRQLR5DIDHO81$0

Introduction:
Antibacterial resistance is recognized as an important
public health problem. Antimicrobial resistance is asociated with increased lenght of hospital stay, and morbi-mortality, whereas carrier state ( Watts, et. al, 2017)
and prevalence on hands among subjects exposed to
hotspot has not been completely elucidted despite the
importance of the hands as a vector for the transmisVLRQRISDWKRJHQV &HQWHUVIRU'LVHDVH&RQWURODQG
Prevention, 2017,Edmonds-Wilson, et. al, 2015), therefore, the aim of this research was to determineisolaWLRQLQFLGHQFHRI(6.$3(PHPEHUVLQKDQGZDVKLQJ
samples of subjects with known exposure, and to asVHVULVNIDFWRUVIRU(6.$3(LVRODWLRQ

A case-control study was conducted among farmers,
healthcare personnel, and subjects without environmental
exposure to antibacterial resistance (IRB; FM/DI/046/2017).
:HTXDQWL¿HGWKHQXPEHURI&)8P/RIKDQGZDVK
VDPSOHVLQFKURPRJHQLFVHOHFWLYHPHGLD &KURPRDJDU
25,(17$7,21.3&(6%/95(DQGP($ WRDVVHVIRU
UHVLVWDQFHDJDLQVWYDQFLRP\FLQȕODFWDPVFDUEDSHQHPV
7KHUHVXOWVZHUHDQDO\]HGXVLQJWKH63666RIWZDUH
9HUVLRQ$XJXVW WRHYDOXDWHVLJQL¿FDQFH
GLႇHUHQFHVEHWZHHQJURXSVE\80DQQ:KLWQH\)LQDOO\
logistic regression model was explored to characterize
DVVRFLDWLRQRIH[SRVXUHSDWKZD\VRIVSHFL¿FUHVLVWDQW
microorganisms.

Results & Discussion

Material and methods:

The hospital group showed the highest concentration of
3VHXGRPRQDVUHVLVWDQWWR.3&DQG(6%/ZKHQFRPSDUHG
to group who is exposed to well water or residual wáter.
Although, the hospital group has a lower concentration of
Enterococcus.(&FRPSDUHGWRUHVLGXDOZDWHUJURXSWKHVH
microorganisms are used as indicators of contamination.
The administrative group has a lower concentration of
UHVLVWDQWPLFURRUJDQLVPVZLWKVWDWLFDOVLJQL¿FDQWO\ZLWK
respect to the others groups (Pseudomonas resistant to
(6%/DQG.3& 

Conclusion
7KHUHVXOWVRIKDQGZDVKIRXQGVKRZVLJQL¿FDQWGLႇHUHQFHV
LQWKHQXPEHURI&)8EHWZHHQKlebsiella, Citrobacter,
Serratia and Pseudomonas. While E. coli, E. gallinarum,
Proteus, S. saprophyticus, Acinetobacter showed tendency
WRVLJQL¿FDQFH
([LVWDLQÀXHQFHRI³KRWVSRWV´ZLWKWKHLQFUHDVHLQWKH
FRQFHQWUDWLRQRIUHVLVWDQWPLFURRUJDQLVPVLVH[HPSOL¿HG
suggesting that the zone of low risk factor are
Administrative since it has the lowest concentration of theVHSUHVXPSWLYHW\SHVRIPLFURRUJDQLVPDQGKDVDGLႇHUHQFH
VLJQL¿FDQWZLWKUHVSHFWWRWKHRWKHUV 3VHXGRPRQDVUHVLVWDQW
WR(6%/DQG.3& 
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ZKHUHWKHUHLVDVLJQL¿FDQWGLႇHUHQFHDVTXDUHRIWKHFRORUFRUUHVSRQGLQJ
to the comparison is placed.

N=19 exposed to residual water,
N=14 in hospital area,

N=12 exposed to well water
N=12 in administrative areas.
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GLႇHUHQFHVZLWKUHVSHFWWRWKHVWXG\DUHD+HUHZHVKRZWKH
LQÀXHQFHRI³KRWVSRWV´WKDWUHSUHVHQWHGWKHUHVLVWDQW
microorganisms. Denoting that all of them belong to the
(6.$3(&JURXSVRLWZRXOGLQGLFDWHWKDWWKHH[KLELWLRQDUHD
KDVDQLQÀXHQFHZLWKWKHSUHVHQFHRIWKHP
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AQUACULTURE STANDARD

•

6JGRTKPEKRNGUHQTVJGWUG
QHCPVKOKETQDKCNU according
to the GLOBALG.A.P. livestock
and aquaculture standards.
1. As little as possible, as
much as needed.
2. Adherence to the principles
of antibiotic stewardship.
3. Commitment to the
principles of WHO as
integrated in the
“One Health” program.
%QOOQP4GSWKTGOGPVUQH
.KXGUVQEMCPF#SWCEWNVWTG
Standards for Antimicrobial
Reduction Policies as outlined in
VJGURGEKƂE%QPVTQN2QKPVUCPF
Compliance Criteria.
1. Records on purchase
and application of
antimicrobials.
2. 'ZENWUKXGWUGQHQHƂEKCNN[
approved antimicrobials.
3. No use of antimicrobials for
prophylactic purposes.
4. Compilation of a written
veterinary health plan (VHP)
outlining policies for the
reduction of antimicrobials
and the avoidance
of critically important
antibiotics for human health.

HOP

FINFISH, CRUSTACEANS & MOLLUSCS
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CATTLE & SHEEP
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DAIRY
CALF/YOUNG BEEF

5RGEKƂE4GSWKTGOGPVUQH
VJG.KXGUVQEM5VCPFCTF
1. Workers health & safety
- creating the awareness
amongst workers in
intensive livestock
production systems of the
higher risk and possibility
of being a carrier of MRSA
and/or ESBL bacteria.
2. Avoidance of
Fluorchinolones and
3rd and 4th Generation
Cephalosporines.
5RGEKƂE4GSWKTGOGPVUQH
VJG#SWCEWNVWTG5VCPFCTF
1. Exclusion of banned
compounds under FAO/
WHO Codex Alimentarius
(e.g. Chloramphenicoles,
Nitroimidazoles).
2. Prohibition of antimicrobials
for the purpose of growth
promotion.
%QPENWUKQPU The GLOBALG.A.P. Integrated Farm Assurance
Standard demands from livestock and aquaculture producers
to implement clear policies and proper documentation on the
responsible use of antimicrobials in order to achieve compliance
with the requirements of the standard and to become a
).1$#.)#2EGTVKƂGFRTQFWEGT+VKUEQOOKVVGFCPFEQPVTKDWVGUVQ
the overall policy of the One Health and Food Safety policy.

Reference documents: GLOBALG.A.P. Integrated Farm Assurance Standard Version 5.1, Livestock Standard V 5.1, Aquaculture Standard V 5.1

YYYINQDCNICRQTIFQEWOGPVU

6LPXODWLRQRIELRILOP GHYHORSPHQW LQGDLU\ FDWWOH
WURXJKV IRUWKH GHYHORSPHQW RIVWUDWHJLHV WRSUHYHQW
WKH VSUHDG RILQIHFWLRXV EDFWHULD LQWKH HQYLURQPHQW
--+D\HU&+HLQHPDQQ606FKPLG%*6FKXO]H'LHFNKRII
66WHZDUW%3HWHUVHQ DQG -6WHLQKRII:DJQHU
,QVWLWXWHRI$QLPDO

6FLHQFH8QLYHUVLW\RI%RQQ*HUPDQ\
6FLHQFH2NODKRPD6WDWH8QLYHUVLW\86$

'HSDUWPHQWRI$QLPDO

,QWURGXFWLRQ

5HVXOWV

:DWHU LV D YHU\ LPSRUWDQW IDFWRU FRQFHUQLQJ DQLPDO  $IWHU IRXU GD\V RI LQFXEDWLRQ D PDWXUH ELRILOP GHYHORSHG RQ
ZHOIDUH DQG WKH VSUHDG RI SDWKRJHQLF EDFWHULD
SRO\HWK\OHQH DW D WHPSHUDWXUH RI &
+RZHYHU OHJDO UHJXODWLRQV DQG RIILFLDO JXLGHOLQHV  7KH GHWDFKPHQW ZDV YHULILDEOH WKURXJK D VLJQLILFDQW LQFUHDVH RI
UHJDUGLQJ WKH TXDOLW\ RI ZDWHU IRU DQLPDOV DUH UDWKHU
RYHU  ORJ FIXPO LQ WKH VXUURXQGLQJ PHGLXP
XQVSHFLILF 7KH UROH RI ELRILOPV DV D VRXUFH IRU  0DWHULDO DQG WHPSHUDWXUH LQIOXHQFHG GHWDFKPHQW 3
LQIHFWLRQV DQG WKHLU GLVSHUVDO LQWR WKH HQYLURQPHQW LV
)LJXUH  
SDUWLFXODUO\ XQGHUVWXGLHG
)LJXUH 
'HYHORSPHQWRI
WKH WRWDOEDFWHULDO
FRXQW 7%& LQ
WKH VXUURXQGLQJ
PHGLXP
GHSHQGLQJ RQ
PDWHULDODQG
WHPSHUDWXUH

)LJXUH'LIIHUHQWFDWWOH WURXJKV ZLWK ELRILOPV
PDWHULDO6WDLQOHVVVWHHO3RO\HWK\OHQHRU DFU\O 

$LP
7KH DLP RI WKLV VWXG\ ZDV WR VLPXODWH D FDWWOH
WURXJK DQG GHWHUPLQH LI DQG KRZ D ELRILOP
GHYHORSV DQG GHWDFKHV IURP WKH VXUIDFH
GHSHQGLQJ RQ GLIIHUHQW IDFWRUV VXFK DV WURXJK
PDWHULDO WHPSHUDWXUH RU QXWULWLRQ DYDLODELOLW\

0DWHULDOV 0HWKRGV
 $ QDWXUDOO\RFFXUULQJ EDFWHULDO FXOWXUH IURP D FDWWOH
WURXJK )LJXUH  ZDV FXOWLYDWHG DQG GLIIHUHQW FDWWOH
WURXJK PDWHULDOV ZHUH LQRFXODWHG
 ,W ZDV LQYHVWLJDWHG ZKHWKHU D GHYHORSPHQW DQG D
GHWDFKPHQW RI D ELRILOP RFFXUUHG GHSHQGLQJ RQ
¾ WKH PDWHULDO SRO\HWK\OHQH RU VWDLQOHVV VWHHO
¾ WKH LQRFXODWLRQ WHPSHUDWXUH & RU &
¾ WKH DYDLODELOLW\ RI QXWULHQW PHGLXP ORZ RU
KLJK OHYHO LQ D SHULRG RI VHYHQ GD\V
 $VVXPSWLRQ GHWDFKPHQW RI ELRILOP FDXVHV ULVH RI
WKH EDFWHULDO FRXQW LQ WKH VXUURXQGLQJ PHGLXP
 7KH PHGLXP ZDV WHVWHG RQ WRWDO EDFWHULDO FRXQW
7%& DJDU DQG UHQHZHG RQ GDLO\ EDVLV WR LGHQWLI\
WKH GHWDFKPHQW RI WKH ELRILOP
 7KH GHYHORSHG ELRILOP ZDV LQYHVWLJDWHG IRU 7%&
(QWHUREDFWHULDFHDH VSS 0HWKLFLOOLQUHVLVWHQWHU
6WDSK\ORFRFFXV DXUHXV
056$  ([WHQGHG
6SHFWUXP
%HWD/DFWDPDVHQ
(6%/
DQG
$GHQRVLQWULSKRVSKDW $73 RQ WKH VHYHQWK GD\

 7KH EDFWHULDO JURZWK RQ WKH VXUIDFH GHSHQGV RQ WKH VXUIDFH
PDWHULDO SRO\HWK\OHQH ! VWDLQOHVV VWHHO
3  WKH
WHPSHUDWXUH & ! & 3  DV ZHOO DV RQ WKH QXWULHQW
OHYHO KLJKHU ! ORZHU 3 )LJXUH  
)LJXUH
7RWDOEDFWHULDO
FRXQW 7%& 
DQG(QWHUR
EDFWHULDFHDH
VSSRQWKH
VXUIDFHV DIWHU
VHYHQ GD\V

EƵƚƌŝĞŶƚ ůĞǀĞů
dĞŵƉĞƌĂƚƵƌĞ

ŚŝŐŚ

ůŽǁ

ŚŝŐŚ

ϮϱΣ

WŽůǇĞƚŚǇůĞŶĞ
^ƚĂŝŶůĞƐƐ^ƚĞĞů

ůŽǁ
ϱΣ

ŶƚĞƌŽďĂĐƚĞƌŝĂĐĞĂ ƐƉƉ͘
d

 (6%/IRUPLQJ EDFWHULD ZHUH YHULILDEOH LQ VRPH ELRILOPV DQG
VHHP WR EH FRQQHFWHG WR WKH ELRILOP¶V PDWXUDWLRQ
 7KH $73WHVW ZDV KLJKO\ FRUUHODWHG WR WKH EDFWHULDO JURZWK RQ WKH
VXUIDFHV U! 3 

&RQFOXVLRQ
 7KH UHVXOWV RI WKLV VWXG\ VKRZ WKDW D PDWXUH ELRILOP FDQ GHYHORS
LQ D FDWWOH WURXJK RYHU D SHULRG RI IRXU GD\V HYHQ DW ORZ
WHPSHUDWXUHV & 
 7KHUHIRUH LW LV QHFHVVDU\ WR FOHDQ FDWWOH WURXJKV LQ DQ LQWHUYDO
VKRUWHU WKDQ IRXU GD\V WR SUHYHQW WKH VSUHDG RI SDWKRJHQLF
EDFWHULD WKURXJK ELRILOP GHWDFKPHQW
 0RUH UHVHDUFK LV QHHGHG WR GHWHUPLQH RWKHU LQIOXHQFHV RQ WKH
GHYHORSPHQW DQG GHWDFKPHQW RI ELRILOPV LQ FDWWOH WURXJKV

2QH +HDOWK )RRG6DIHW\ &RQJUHVV 
3RVWHU
$FNQRZOHGJHPHQWV7KHDXWKRUV WKDQN WKH SDUWLFLSDWLQJ IDUPV DQG WKH IXQGLQJ E\ WKH FRUH EXGJHW RI 3URI3HWHUVHQ

0RQLWRULQJRIWKHFOHDQOLQHVVLQOLYHVWRFNVWDEOHVDQG
WUDLQLQJRIWKHVWDIIFDQLQWHUUXSWLQIHFWLRQFKDLQVRI
SDWKRJHQLFDQGWKHVSUHDGRIDQWLELRWLFUHVLVWDQWEDFWHULD
&+HLQHPDQQ-+D\HU606FKPLG%*6FKXO]H'LHFNKRII
,0H\HU%3HWHUVHQ DQG-6WHLQKRII:DJQHU
8QLYHUVLW\RI%RQQ)DFXOW\RI$JULFXOWXUH,QVWLWXWHRI$QLPDO6FLHQFH%RQQ*HUPDQ\
$QLPDO6FLHQFH'HSDUWPHQW&DOLIRUQLD3RO\WHFKQLF6WDWH8QLYHUVLW\6DQ/XLV86$

%DFNJURXQG

5HVXOWV

7R LQWHUUXSW LQIHFWLRQ FKDLQV LQ DOOLQDOORXW SLJ
SURGXFWLRQ V\VWHPV DQG WKH VSUHDG RI
SDWKRJHQLF EDFWHULD DORQJ WKH IRRG FKDLQ D
SURSHU FOHDQLQJ DQG GLVLQIHFWLRQ V\VWHP PXVW
EH HVWDEOLVKHG LQ WKH IDUP PDQDJHPHQW ,Q D
IRUPHU VWXG\ ZH FRPSDUHG ILYH GLIIHUHQW
PHWKRGV WR DVVHVV WKH FOHDQOLQHVV DQG
LGHQWLILHG FULWLFDO FRQWURO SRLQWV IRU K\JLHQLF
FRQGLWLRQV RQ SLJ IDUPV +HLQHPDQQ HW DO
 

)LJXUH  $ VLJQLILFDQWO\ UHGXFWLRQ RI 79& ZDV IRXQG EHWZHHQ LQLWLDO VDPSOLQJ
EOXH DQG VDPSOLQJ DIWHU WUDLQLQJ JUHHQ 3  2WKHU PLFURELRORJLFDO
SDUDPHWHUV $73 DQG SURWHLQ FRQWHQW JDYH VLPLODU UHVXOWV

$LP
7KH DLP RI WKLV VWXG\ ZDV WR VHQVLWL]H DQG
WUDLQ WKH IDUPHUV DQG WKH VWDII IRU FULWLFDO
FRQWURO SRLQWV DQG HYDOXDWH WKH HIIHFW RI
WUDLQLQJ

0DWHULDO 0HWKRGV
+DOI D \HDU DIWHU WKH WUDLQLQJ RI WKH VWDII IDUPV
ZHUH YLVLWHG DJDLQ IRU VDPSOH FROOHFWLRQ 6ZDE
VDPSOHV ZHUH WDNHQ LQ UDQGRPO\ FKRVHQ SHQV
RI VL[ GLIIHUHQW IDWWHQLQJ IDUPV $GGLWLRQDOO\ VRFN
VDPSOHV DQG ZDWHU VDPSOHV ZHUH WDNHQ
6DPSOHV ZHUH DQDO\]HG IRU SURWHLQ DQG $73
FRQWHQW DV ZHOO DV IRU WKH SDUDPHWHUV WRWDO
YLDEOH FRXQW 79&  WRWDO FROLIRUPV 7&  ( FROL
PHWKLFLOOLQUHVLVWDQW 6WDSK\ORFRFFXV DXUHXV
056$
DQG
H[WHQGHGVSHFWUXP
EHWD
ODFWDPDVH EXLOGHU (6%/  $GGLWLRQDOO\ YLVXDO
FOHDQOLQHVV 9& RI WKH VDPSOHG DUHDV ZDV
UHFRUGHG XVLQJ D VFRUH JUDGLQJ VFKHPH 'DWD
ZHUH DQDO\]HG ZLWK D PL[HG PRGHO LQ 6$6 ZLWK
IDUP DQG WLPH DV IL[HG IDFWRUV
 (QWUDQFHGRRULQVLGH
 :DOO VLGHDQGEDFN
 &HLOLQJ
 6ODWWHGIORRU
 0DQXUHDUHD
 )HHGLQJDUHD
 )HHGLQJSLSH XSVLGH
 1LSSOHGULQNHU
 7URXJK RXWVLGH
 7URXJK LQVLGH
 0DQLSXODEOHPDWHULDO
 :LQGRZVLOO

)LJXUH  6DPSOLQJ ZDV FRQGXFWHG DW  GHILQHG
ORFDWLRQV DYDLODEOH LQ DOO FRPPRQ SLJ SHQV
2QH+HDOWK )RRG6DIHW\&RQJUHVV
3RVWHU

)LJXUH  %HVLGH KLJK YDOXHV RI VZDE VDPSOHV IURP
GULQNHUV  ORJΌ FIXPO Q  ZDWHU VDPSOHV
VKRZHG D KLJK EDFWHULDO ORDG  ORJΌ FIXPO
Q   ZKLFK FDQ EH VHHQ DV GLUW DFFXPXODWLRQ LQ D
FURVVVHFWLRQ RI D GULQNHU $ DQG DIWHU VDPSOLQJ ZLWK D
VZDE %  %DFWHULDO ORDG H[FHHGV WKH %0(/
UHFRPPHQGHG YDOXH IRU DQLPDO GULQNLQJ ZDWHU RI 
ORJΌ FIXPO

$

%

)LJXUH  7UDLQLQJ VXFFHVVIXOO\ LPSURYHG
WKH K\JLHQH PDQDJHPHQW DV H[HPSODU\
VKRZQ E\ D GHFUHDVH RI SRVLWLYH ILQGLQJV IRU
056$ DQG (6%/

7DEOH  $ WUDLQLQJ HIIHFW GHSHQGV RQ WKH
ZLOOLQJQHVV RI WKH IDUPHU WR FKDQJH KLV
K\JLHQLF PDQDJHPHQW
7KHUH VHHPV WR EH D ORZHU OLPLW IRU UHGXFLQJ
WKH PLFURELRORJLFDO FRQGLWLRQ LQ SLJ VWDEOHV
ZLWK VODWWHG IORRUV

&RQFOXVLRQ
0RQLWRULQJ RI WKH FOHDQOLQHVV LQ OLYHVWRFN VWDEOHV DQG IDUPVSHFLILF
WUDLQLQJ FRXOG VXFFHVVIXOO\ SUHYHQW RU OLPLW WKH VSUHDG RI LQIHFWLRXV
GLVHDVHV DQG DQWLELRWLF UHVLVWDQW EDFWHULD DQG VKRXOG EH
LPPHGLDWHO\ LQWHJUDWHG LQ FRQVXOWLQJ VHUYLFH $WWHQWLRQ VKRXOG EH
WDNHQ IRU K\JLHQLF FRQGLWLRQ RI QLSSOH GULQNHUV WR SUHYHQW DQ HDV\
VSUHDG RI GLVHDVHV E\ DQLPDO GULQNLQJ ZDWHU

5HIHUHQFHV
+HLQHPDQQ & 3HWHUVHQ % DQG - 6WHLQKRII:DJQHU 
(YDOXDWLRQ RI PHWKRGV IRU GHWHUPLQLQJ FOHDQLQJ SHUIRUPDQFHV LQ
SLJ VWDEOHV -$6    
IXQGHGE\

(YDOXDWLRQRIPHDVXUHV WRUHGXFH ȕODFWDP UHVLGXHV
DQGEDFWHULDO ORDG LQZDVWH PLONIRU IHHGLQJ
--+D\HU&%RGH%*6FKXO]H'LHFNKRII&+HLQHPDQQDQG
-6WHLQKRII:DJQHU
,QVWLWXWHRI$QLPDO

6FLHQFH8QLYHUVLW\RI%RQQ*HUPDQ\

5DLIIHLVHQ9LHKYHUPDUNWXQJ*PE+(QQLJHU(QQLJHUORK*HUPDQ\

,QWURGXFWLRQ

5HVXOWV

 3DWKRJHQV DQG GUXJ UHVLGXHV LQ ZDVWH PLON FDQ
EH WUDQVPLWWHG E\ IHHGLQJ ZKLFK FDQ FDXVH
KHDOWK SUREOHPV DQG OHDG WR WKH VSUHDG RI
DQWLELRWLF UHVLVWDQFHV
 3UDFWLFDEOH PHDVXUHV WR UHGXFH SDWKRJHQV DQG
DQWLELRWLF UHVLGXHV LQ ZDVWH PLON IRU IHHGLQJ DUH
QHHGHG EXW QRW DYDLODEOH \HW

 7KHUPDO WUHDWPHQW ZLWK WKH PLFURZDYH VLJQLILFDQWO\ UHGXFHG
WKH EDFWHULDO ORDG EXW QRW WKH ȕODFWDP DFWLYLW\ $ UHGXFWLRQ RI
EDFWHULDO ORDG ZDV REWDLQHG E\ VWHULOL]DWLRQ &  PLQ 
7KH RWKHU WUHDWPHQWV KDG QR VLJQLILFDQW HIIHFW RQ EDFWHULDO ORDG
)LJXUH  

$LP
7KH DLP RI WKLV VWXG\ ZDV WR HYDOXDWH GLIIHUHQW
PHDVXUHV
WR
UHGXFH
WKH
ȕODFWDP
FRQFHQWUDWLRQ DQG EDFWHULDO ORDG LQ ZDVWH PLON

0DWHULDOV 0HWKRGV
6DPSOLQJ :DVWH PLON VDPSOHV ZHUH FROOHFWHG
IURP  PDVWLWLF ODFWDWLQJ GDLU\ FRZV IURP WZR
GLIIHUHQW
IDUPV
WKDW
ZHUH
WUHDWHG
ZLWK
EHQ]\OSHQLFLOOLQ RU FHITXLQRP UHVSHFWLYHO\ 7KH
VDPSOHV ZHUH GLUHFWO\ VXEMHFWHG WR HLJKW GLIIHUHQW
PHDVXUHV )LJXUH  

)LJXUH7RWDOEDFWHULDOFRXQW 7%& RIZDVWH
PLONLQUHJDUGWRHLJKWGLIIHUHQWWUHDWPHQWV

 $ KLJK GHJUDGDWLRQ RI EHQ]\OSHQLFLOOLQ  DQG FHITXLQRP
 ZDV DFKLHYHG E\ VWHULOL]DWLRQ 7KH FKDQJH RI WKH S+ WR
S+  IRU K WHQGHG WR UHGXFH WKH ȕODFWDP DFWLYLW\ )LJXUH  
 $QWLELRWLF UHVLGXHV LQ ZDVWH PLON VHHPHG WR EH PRUH DIIHFWHG
E\ WKH IRUP RI DSSOLFDWLRQ DQG WKH GRVH JLYHQ WKDQ E\ WKH IDUP
WKDQ WKH DFWLYH FRPSRQHQW WKDW ZDV XVHG

)LJXUH6WXG\GHVLJQ OHIW DQGVHTXHQFH ULJKW 

7UHDWPHQWV 6WLUULQJ VLPLODU DPRXQWV RI ZDVWH PLON
ZLWK DGVRUEHQW PDWHULDOV DFWLYDWHG FDUERQ FDUERQ
VXSSOHPHQW SODVWLF PDWHULDOV IRU K WKHUPDO
WUHDWPHQW PLFURZDYH DXWRFODYH DQG IUHH]LQJ 
FKDQJH RI WKH S+ ZLWK VRGLXP K\GUR[LGH WR S+ 
IRU K DQG EDFN WR S+  ZLWK SHUDFHWLF DFLG
$QDO\VLV $FWLYH ȕODFWDP UHVLGXHV ZHUH DQDO\]HG
XVLQJ WKH 'HYROWHVW %5 %ULOOLDQW '60 )RRG
6SHFLDOWLHV %9 'HOIW 1HWKHUODQGV )LJXUH  DV
ZHOO DV WKH WRWDO DHURELF EDFWHULDO FRXQW 7%& 
6WDWLVWLFV 'DWD ZDV DQDO\]HG ZLWK D PL[HG PRGHO
ZLWK IDUP DFWLYH FRPSRQHQW DQG GLIIHUHQW
PHDVXUHV DV IL[HG IDFWRUV

)LJXUH$FWLYHȕODFWDPFRPSRQHQWVRIZDVWH
PLONDIWHUHLJKWGLIIHUHQWWUHDWPHQWV

&RQFOXVLRQ
 $XWRFODYLQJ ZDVWH PLON VLJQLILFDQWO\ UHGXFHV ȕODFWDP UHVLGXHV
DV ZHOO DV WKH EDFWHULDO ORDG
 3+ FKDQJHV PD\ DOVR KDYH D SRWHQWLDO HIIHFW
 :KHWKHU RU QRW WKHVH RU VLPLODU PHWKRGV FDQ EH XVHG RQ
IDUP WR SURFHVV ODUJHU DPRXQWV RI ZDVWH PLON QHHGV IXUWKHU
H[SORUDWLRQ
 )XUWKHU VWXGLHV DUH DOVR QHHGHG WR TXDQWLI\ UHGXFWLRQ ZLWK
LPSURYHG PHDVXUHV DQG PHWKRGV DQG HYDOXDWH QXWULWLRQDO
TXDOLW\

2QH+HDOWK )RRG6DIHW\&RQJUHVV
3RVWHU
$FNQRZOHGJHPHQW7KHDXWKRUVWKDQNWKHWZRSDUWLFLSDWLQJIDUPVDQGWKHIXQGLQJE\WKHFRUHEXGJHWRI3URI3HWHUVHQ

6WUHQJWK DQGZHDNQHVV RIWKH ÅWKHUDSHXWLF
IUHTXHQF\´WRPLQLPL]H DQWLELRWLF FRQVXPSWLRQ LQ
*HUPDQIDUP DQLPDO SURGXFWLRQ
-6WHLQKRII:DJQHU&:HLQJDUWHQ)7%|JHO&+HLQHPDQQ
606FKPLG--+D\HU DQG%3HWHUVHQ
,QVWLWXWHRI$QLPDO 6FLHQFH8QLYHUVLW\RI%RQQ*HUPDQ\

%DFNJURXQG

5HVXOWV

:LWK WKH UHQHZDO RI WKH *HUPDQ 'UXJ $FW WK $0*
1RYHOOH LQ  DQWLELRWLF FRQVXPSWLRQ LQ IDUP
DQLPDO SURGXFWLRQ LV PRQLWRUHG LQ RUGHU WR UHGXFH LWV
XVDJH ([FHHGDQFH RI WKH IDUPVSHFLILF ELDQQXDO
WKHUDSHXWLF IUHTXHQF\ EH\RQG WKH  TXDQWLOH
REOLJDWHV OLYHVWRFN RZQHUV WR VXEPLW D ZULWWHQ SODQ RI
PHDVXUHV WR WKH SXEOLF YHWHULQDU\ DXWKRULW\

7DEOH  $OWKRXJK WKH LQYLWDWLRQV WR WKH WZR RQOLQH VXUYH\V ZHUH
DFWLYHO\ VSUHDG UHWXUQ UDWHV DQG FRPSOHWLRQ UDWHV ZHUH WRR ORZ
WR GUDZ DQ\
FRQFOXVLRQV

$LP
Æ 6FLHQWLILF HYDOXDWLRQ RI WKH SODQV RI PHDVXUHV

0DWHULDO 0HWKRGV

 :LOOLQJQHVV IRU SDUWLFLSDWLRQ GLVDSSHDUHG GXH WR
ELDVHG GLVFXVVLRQ DQG QHJDWLYH QHZV FRYHUDJH
 5HDVRQV IRU UHMHFWLRQ RI SODQV RI PHDVXUHV
LQFRQVLVWHQF\ LQFRPSOHWHQHVV RU LPSUHFLVLRQ

 $QDO\VLV RI WKH FRXUVH RI WKHUDSHXWLF IUHTXHQF\ IRU
VZLQH IURP  WR 
 ,GHQWLILFDWLRQ RI VWUHQJWK DQG ZHDNQHVVHV RI WKH
PRQLWRULQJ E\ PHGLD DQDO\VLV VXUYH\V DQG H[SHUW
LQWHUYLHZV )LJXUH  
DĞĚŝĂ
ĂŶĂůǇƐŝƐ ŽĨ
ƉƵďůŝĐĂƚŝŽŶƐ
ƉƵďůŝƐŚĞĚ ŝŶ
ƚŚĞ ůĞĂĚŝŶŐ
ŐĞƌŵĂŶ
ũŽƵƌŶĂů ;dŽƉ
ŐƌĂƌͿĨƌŽŵ
ϮϬϭϮƚŽ ϮϬϭϳ

^ĐƌĞĞŶŝŶŐŽĨ
ƐĞůĞĐƚĞĚ
ĂŶŽŶǇŵŝǌĞĚ
ǁƌŝƚƚĞŶ
ƉůĂŶƐ ŽĨ
ŵĞĂƐƵƌĞƐ
;ŶхϱϬϬͿ

KŶůŝŶĞ
ƐƵƌǀĞǇ ĨŽƌ
ůŝǀĞƐƚŽĐŬ
ŽǁŶĞƌƐ

ǆƉĞƌƚ
ŝŶƚĞƌǀŝĞǁƐ
KŶůŝŶĞ
ƐƵƌǀĞǇ ĨŽƌ
ůŽĐĂů ƉƵďůŝĐ
ǀĞƚĞƌŝŶĂƌǇ
ĂƵƚŚŽƌŝƚŝĞƐ

)LJXUH3RWHQWLDOPHDVXUHV LGHQWLILHG E\ WKH PHGLD DQDO\VLV

ŶсϭϮ

7DEOH
0RUH
HIIHFWLYH
NQRZOHGJH
WUDQVIHU
FDQ
LQFUHDVH
WKH
QXPEHU RI
DFFHSW
DEOH
PHDVXUHV

)LJXUH6WXG\GHVLJQIRU LGHQWLILFDWLRQ RI SRWHQWLDOPHDVXUHV
WR UHGXFH DQWLELRWLF IUHTXHQF\

5HVXOWV
WŝŐůĞƚƐ фϯϬŬŐ

&ĂƚƚĞŶŝŶŐ ƉŝŐƐ хϯϬŬŐ

&RQFOXVLRQ

)LJXUH0HGLDQDQGTXDUWLOH RI WKH WKHUDSHXWLF IUHTXHQF\
RI SLJOHWV OHIW DQGIDWWHQLQJ SLJV ULJKW VLQFH WKH EHJLQQLQJ
RI WKH PRQLWRULQJ >@

 ([SHUWV DJUHHG WKDW WKH FRXUVH RI WKH IDUP
VSHFLILF WKHUDSHXWLF IUHTXHQF\ RYHU WLPH DOORZV WR
GLVWLQJXLVK EHWZHHQ LPSURYDEOH DQLPDO KHDOWK
PDQDJHPHQW DQG VSRQWDQHRXV DSSHDUDQFH RI
LQIHFWLRXV GLVHDVHV
2QH+HDOWK )RRG6DIHW\&RQJUHVV%RQQ*HUPDQ\
$EVWUDFW

 $ PRUH WUDQVSDUHQW XQLIRUP SURFHGXUH ZLWK DQ
DXWRPDWHG GDWD SURFHVVLQJ ZRXOG KHOS WR LQFUHDVH
DFFHSWDQFH UHGXFH ZRUNORDG DQG XQFRYHU SDWWHUQ
DV SLJOHW VXSSOLHU ZLWK LPSDLUHG KHDOWK VWDWXV
 1XPEHU RI IRU KHDOWK UHDVRQV VFDULILHG DQLPDOV
DQG WUHDWHG GDLU\ FRZV VKRXOG EH LQFOXGHG LQ WKH
DQWLELRWLF PRQLWRULQJ WR FRPSOHWH WKH KHDOWK
LQIRUPDWLRQ ZLWK DQ 2QH +HDOWK DSSURDFK

4XHOOHQ
>@
%9/
%HNDQQWPDFKXQJHQ
%XQGHVDQ]HLJHU 

GHU

7KHUDSLHKlXILJNHLW

LP

(IIHFWV RIZDVWH PLONLQWDNH RQODUJHLQWHVWLQDO
PLFURELRPH RIQHZERUQ IDUP DQLPDOV
(+HXVFKHQ-7KLHOH %*6FKXO]H'LHFNKRII&+HLQHPDQQ6
6WHZDUW DQG-6WHLQKRII:DJQHU



,QVWLWXWHRI$QLPDO6FLHQFH8QLYHUVLW\RI%RQQ*HUPDQ\
'HSDUWPHQWRI$QLPDO6FLHQFH2NODKRPD6WDWH8QLYHUVLW\86$

5HVXOWV

,QWURGXFWLRQ

 $IWHU WUHDWPHQW RI PDVWLWLV PLON FRQWDLQV 7DEOH,QGLYLGXDOIHFDOIORUD
DQWLELRWLF UHVLGXHV DQG PXVW EH ZLWKGUDZQ )LUPLFXWHVZDVWKHPRVW
IURP WKH PDUNHW %HFDXVH LW LV DYDLODEOH DW DEXQGDQWVSHFLHV  
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antimicrobial resistance genes
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Introduction
antibiotic resistance, and Zn and Cu have been proposed as
drives of antibiotic resistance (Becerra-Castro et al. 2015;
Yazadankhah et al. 2014). Escherichia coli displaying
resistance to extended-spectrum cephalosporins (ESC) was
detected in the Norwegian broiler production (Mo et al.
2014; NORM/NORM-VET 2012). The conjugative IncK
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plasmid harbouring blaCMY-2 was found in the majority of the
on how non-antimicrobial substances such as Zn and Cu
contribute in the spread of AMR- genes. Thus, the aim of
this study was to investigate the effect of Zn and Cu on
conjugation of a blaCMY-2 carrying plasmid.

Material and Methods
An in vitro conjugation assay was conducted to study the
effect of Zn and Cu on conjugation of blaCMY-2 carrying
plasmid. Quantitative real time PCR was used to study the
effect of Zn and Cu on expression of genes involved in
conjugation.
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Figure 1:Conjugation of plasmid harbouring blaCMY-2 gene
were significantly inhibited by Zn and Cu.
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isolates (Mo et al. 2016). There is a need for more research
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Figure 2.Expression of nikB had a significant reduction in
response to Zn and Cu.The expression of traB had a 10fold reduction in response to Zn and Cu.

Table 2: Bacterial strains used in this study

Conclusion
Our results show that Zn and Cu signifcantly inhibit
conjugation of blaCMY-2 carrying plasmid presumably by
interfering expression of conjugational genes.
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Detection of pathogens and microbiological toxins in water, food and
feed using immunomagnetic nanoprobes
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Introduction

Results

In Western countries quality standards for drinking water, food and feed are in general
very strict, mainly ensured due to routinely based controls. However microbiological
contaminations cannot be fully excluded. Regularly food products are affected by recalls
due to contaminations with bacteria, fungi or microbial toxins leading to considerable
economic losses and health risks.

1. Magnetic immunodetection of cholera toxin
Drinking water contaminations commonly occur in cases of major catastrophic events
such as flooding or earthquakes.



Established routine analyses are based on cultivation techniques in specially equipped
analytical labs. Although very sensitive, they are time consuming. Cultivation of
Legionella, e.g., requires 10 days of incubation until reliable results are gained. A
disadvantage is that no information is obtained regarding toxic substances.



Here we present a novel approach based on magnetic nanoprobes for fast on-site
analysis of water, food and feed. Microbial contaminations as well as certain toxins can
be identified in less than one hour.



Material and Methods



Spreading of epidemics such as
cholera are a major threat
Magnetic immunodetection allows
highly sensitive detection of cholera
toxin in water samples in less than
one hour
Samples are passed through
immunofiltration columns and
bound cholera toxin subunit B (CTB)
is detected via applied nanoprobes
Detection limit of 890 pg/mL
Figure 4: Calibration curve recorded for different CTB
concentrations in triplicate. Blank values were subtracted.

Magnetic immunodetection using nanoprobes








Immunofiltration column is
coated with pathogen/toxine
specific antibodies
Sample is applied to column and
passes by gravity flow
Antigen is enriched within matrix
Target specific biotinylated antibodies are applied to column
Streptavidin coated magnetic
nanoprobes are flushed through
column by gravity flow
Magnetic beads accumulate
within matrix, dependent on preenriched antigen
Amount of magnetic nanoprobes
determined with handheld
readout device

2. Separative detection of Legionella pneumophila
Even in countries like Germany, local microbial contaminations in drinking water are
frequently observed. A big issue are increased levels of Legionella in local piping systems.




Figure 1: Schematic overview of magnetic immunodetection workflow. Pre-enrichment of target antigen
within immunofiltration column, followed by labelling
with biotinylated antibody and magnetic nanoprobes
and finally readout of the magnetic signal.




Detection of magnetic nanoprobes




Frequency Mixing Magnetic Detection (FMMD)
Detection head with driving coil (low frequency) and excitation coil (high frequency)
Set of detection coils for measuring nonlinear magnetic response of magnetic beads
sample

detection head

A

B

C







Nanoprobes functionalized with
target specific antibodies are
applied to analyte sample
Nanoprobes capture target
pathogens/toxins
Magnetic separation and subsequent resuspension in PBS allows
enrichment of target from impure
samples and large volumes
Application of separated nanoprobes to detection column
Readout with magnetic reader
and detection of contaminations

This work was funded byy
FKZ 13N13711-13
FKZ 031A284A





Separative approach


Microbial contaminations in food can be a significant health risk. Fungal infestation of
fruits and vegetables is a frequent problem, especially due to released mycotoxins.
During food manufacturing processes early stages of infestation cannot be detected.



Figure 2: A. Schematic view of the detection head. Immunofiltration column is placed between a set
of magnetic coils. B. Detected signal changes proportional with amount of superparamagnetic iron
oxide (magnetic particles) within the column. C. Handheld magnetic reader device with intuitive
touch display.

Figure 5: SMID calibration curve recorded for different
cell concentrations of Legionella pneumophila in duplicate. Blank values were subtracted. Separation was
achieved from 3 mL samples and nanoprobes were resuspended in 0.5 mL PBS.

3. Nanoprobe-based mold detection in food



detection coil
driving coil
excitation coil

Lab-based analysis requires 10 days
for incubation of cultures
Magnetic immunodetection allows
detection of harmful concentrations
in less than one hour
Exemplary separative magnetic
immunodetection (SMID) from 3 mL
samples allows detection of 5.2x105
CFU/mL
Separative approach enables to
enrich bacteria from larger sample
volumes
High potential for sensitivity increase
due to enrichment from large sample
volumes



SMID enables detection of early
stage fungal infestation in fruits
Separative approach enables easy
extraction of antigen (fungal cell wall
protein) from homogenized fruits
Strawberries were inoculated with
Aspergillus parasiticus spores and
incubated at 28°C for 3 days
Antibody functionalized nanoprobes
were added to homogenized fruits
Magnetic separation and subsequent
detection in immunofiltration
columns
Signal increase due to fungal growth Figure 6: SMID detected signals from homogenized
detectable after 17 h while mold
strawberry samples at different times after inoculation
with Aspergillus parasiticus spores.
becomes visible not until 48 h

Conclusion

Figure 3: Schematic overview of separative magnetic
immunodetection workflow. Nanoprobes are used for
separation, enrichment and labelling of target.

Cooperation partners:

Magnetic immunodetection enables fast and reliable on-site identification of microbial
contaminations in water, food and feed.
¾ High sensitive detection in less than one hour
¾ SMID enables extraction and enrichment of targets from large and impure samples
¾ Enables detection of microbial contamination at an early stage
¾ Detection approach easily adaptable to further pathogens and toxins
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MOTIVATION
Due to the widespread use of antibiotics in human and veterinary medicine resistances have spread in the
environment. However, knowledge with respect to antibiotic resistant bacteria (ARB) and antibiotic resistance
genes (ARGs) in water used for drinking water production is limited.

METHODS
Culture methods

Molecular biological analysis

Selective CHROM agar plates were used to prove the
presence of :
Vancomycin resistant enterococci (VRE)
Methicillin resistant Staphylococcus aureus (MRSA)
Extended spectrum beta-lactamase (ESBL)producing coliform bacteria

DNA extractions were performed from concentrated
water samples using the FastDNA® SPIN Kit for Soil
following the manufacturer's instructions. Samples
were quantitatively analyzed for selected ARGs and
bacterial 16S rDNA sequences using real-time PCR.

RESULTS
Clinically relevant antibiotic resistant bacteria

Antibiotic resistance genes

The use of culture methods developed for clinical
purpose for the analysis of environmental samples
proved to be difficult due to insufficient specificity.
Optimization of culture conditions and implementation
of further verification
tests like MALDI-TOFMS are required.

Screening of 93 ESBL E. coli isolates showed the
presence of different β-lactamase genes:

Pink colonies on CHROM MRSA agar
indicate the presence of MRSA
bacteria, but verification test could
not confirm the results.

Analysis demonstrated the presence of VRE and
ESBL bacteria in surface water.
Soil passage led to a significant reduction
ESBL E. coli

8

ESBL KEC

6

VRE

CTX-M-32

TEM

CMY-2

OXA-48

OXA-58

KPC-3

41%

18%

3%

0%

0%

0%

Detection frequency of different ARGs varies:
Category

Gene

Often detected

Sulfonamid resistance gene sul1
Macrolide resistance gene ermB
β-lactamase gene blaTEM

Intermedian detected

β-lactamase gene blaCTX-M-32

Rarely detected

β-lactamase gene blaNDM-1
Methicillin resistance gene mecA

PCR analysis of raw water showed that ARGs are
more often detected in surface water as compared
to groundwater.
ARGs could be detected frequently - even after soil
passage
sul1
1E+05

MRSA

4
2
0
surface water

enriched
groundwater

Detection of ESBL E. coli,
ESBL Klebsiella/Citroacter/
Enterobacter (KEC), VRE,
and MRSA bacteria in
surface water and enriched
groundwater.

Detection of ARGs in surface
water and enriched groundwater.

CFU / 100 mL

CFU / 100 mL

10

Gene
Positive
isolates

ermB
blaTEM

1E+04
1E+03
1E+02
1E+01
1E+00
surface water

enriched
groundwater

CONCLUSIONS
The results will help to identify and to avoid the risk of spreading multi resistant bacteria via the water pathway.
Elimination of ARGs in waterworks depends on the type and conditions of treatment technology. According to the UN
"sustainable development goals", mitigation of resistances spreading and improvement of raw water quality are
encouraged.

The study was funded by the German Federal Ministry of Education and Research
(BMBF project HyReKA, www.hyreka.net, grant number 02WRS1377G).

Presence of clinically relevant extensively drug resistant bacteria in German
wastewater and surface waters
Mike Gajdiss1, Esther Sib1, Heike Müller2, Ursula Klanke1, Franziska Lenz-Plet1,
Vanessa Barabasch1, Cathrin Albert1, Anna Schallenberg1, Christian Timm2,
Nicole Zacharias2, Ricarda Schmithausen2, Steffen Engelhart2, Martin Exner2,
Marijo Parčina1, Christiane Schreiber2 and Gabriele Bierbaum1
1University

of Bonn, University Hospital, Institute for Medical Microbiology, Immunology and Parasitology, Bonn, Germany;
2University of Bonn, University Hospital, Institute for Hygiene and Public Health, Bonn, Germany

Introduction
Antibiotic resistant bacteria are a burden for the healthcare system and the current antibiotic resistance crisis demands not only
for novel antimicrobial compounds but also for countermeasures that eliminate the dissemination of resistant bacteria and the
spread of resistance genes. Wastewater as a source of antibiotic resistant bacteria has been discussed repeatedly and it is crucial
to monitor the potential sources of antibiotic resistant bacteria and to observe the release into the environment. The aim of this
study is to investigate the dissemination paths of antibiotic resistant bacteria in non-treated and treated wastewater and the
surface water from a clinical/urban and from a rural catchment system. The study followed the dissemination of resistant bacteria
from the wastewater through the wastewater treatment plant into the receiving surface waters of both systems. The bacteria
were cultivated on selective agars (ESBL, MRSA, VRE) and characterized by antibiotic testing, real-time PCR targeting
carbapenemase genes and typing. Multi-drug resistant bacteria producing extended spectrum beta-lactamases (ESBL) were
isolated from all sample sites. Extensively drug-resistant strains (XDR) with susceptibility to only one or two antibiotics (colistin or
tigecycline or amikacin) were isolated mainly from the clinical/urban system. These strains were carbapenemase producers.
Molecular typing revealed a prevalence of human and healthcare associated drug-resistant isolates in the clinical/urban system,
whereas in the rural system livestock associated lineages were commonly found. Several high-risk clones, i. e. multi-resistant
clones with world-wide dissemination, of Pseudomonas aeruginosa (ST235) and Klebsiella pneumoniae (ST11 and ST147) were
identified in the clinical waste water samples and were also detected in the effluents of the waste water treatment plant. In
conclusion, clinical wastewaters were charged with a high load of multidrug resistant bacteria. Although most of these bacteria
were eliminated during wastewater treatment, dissemination into surface waters is possible.

Results
Occurence of multi-drug resistant bacteria

Distribution of bacterial species

Figure 2: Distribution of different bacterial species isolated from clinical/urban (A) or rural (B)
wastewater and surface water. Bacteria were isolated on selective agar plates and species were
identified by MALDI-TOF MS. ACB complex = Acinetobacter calcoaceticus-baumannii complex; Klebsiella
= K. pneumoniae, K. oxytoca; Enterobacter = E. cloacae, E. asburiae, E. aerogenes, E. hormaechei, E.
ludwigii; Citrobacter = C. freundii, C. farmeri, C. werkmannii, C. braakii, C. amalonaticus, C. youngae;
Other = Serratia marcescens, Kluyvera ascorbata, Kluyvera cryocrescens, Raoultella ornithinolytica,
Raoultella planticola, Leclercia adecarboxylata, Pantonea agglomerans, Salmonella group.

Drug resistance in isolated bacteria
Figure 1: Comparison of numbers of multi-drug resistant bacteria isolated from the clinical/urban (A
and C) and the rural system (B and D). The sampling points from wastewater (WW), surface water (SW)
and wastewater treatment plant (WWTP) influents and effluents are indicated in labels of the axes. The
percentages of cefotaxime and/or ceftazidime resistant isolates (solid white bars), 3MRGN bacteria
(striped bars) and 4MRGN bacteria (solid black bars) are shown in (A) for the clinical/urban system and
in (B) for the rural system. The absolute numbers of resistant isolates characterized for each sampling
point are represented in (C) for the clinical/urban system and in (D) for the rural system. 3MRGN =
resistant against three of the four following clinically relevant antibiotics: piperacillin/tazobactam,
ciprofloxacin, third generation cephalosporins (cefotaxim and/or ceftazidim) and carbapenems
(meropenem and/or imipenem); 4MRGN = resistant to all of the antibiotic groups mentioned above.

Table 2: Resistant bacteria isolated from the clinical/urban and rural system. Numbers of isolates and
percentages of total isolates are shown for bacteria that are resistant to cefotaxime and/or
ceftazidime as well as MDR bacteria (classified as 3MRGN, 4MRGN), colistin resistant 4MRGN with
positive carbapenemase real-time PCR (Carba+), and XDR bacteria.
Cefotaxim/ceftazidim
3MRGN
4MRGN
4MRGN,colistin,Carba+
XDR
Total no. of isolates

Clinical/urban
473 (99.58 %)
119 (25.05 %)
135 (28.42 %)
46 (9.68 %)
26 (5.47 %)
475

Rural
562 (98.94 %)
88 (15.49 %)
4 (0.70 %)
1 (0.18 %)
0 (0.00 %)
568

Conclusions
• Multi-drug resistant bacteria producing extended spectrum beta-lactamases (ESBL) were isolated from all sample sites.
• Extensively drug-resistant strains (XDR) were isolated mainly from the clinical/urban system. These strains were carbapenemase
producers.
• Molecular typing revealed a prevalence of human and healthcare associated drug-resistant isolates in the clinical/urban system,
whereas in the rural system livestock associated lineages were commonly found.
• In conclusion, clinical wastewaters were charged with a high load of multidrug resistant bacteria, which indicates an appreciable
risk of dissemination of highly resistant bacteria into the aquatic environment.
This work was funded by the BMBF (Federal Ministry of Education and Research of Germany) funding measure "HyReKA" which is part of "Risk management of new pollutants and pathogens in the water cycle
(RiSKWa)" in the funding priority "Sustainable Water Management (NaWaM)" [grant number FKZ 02WRS1377] to CS, MP and GB.
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Determination of minimal selective concentrations for
antibiotics and heavy metals in wastewater
Dominik Schuster, Patrick Ciorba, Gabriele Bierbaum
University of Bonn, Institute of Medical Microbiology, Immunology and Parasitology, Bonn, Germany

Antibiotic resistant bacteria are a substantial burden on the healthcare system causing an increase in healthcare costs and
treatment failure. The joint research project HyReKA investigates the biological and medical relevance and control of antibiotic
resistant pathogens in wastewater and their significance in raw water. The objective of this work package is to elucidate the
influence of antibiotic concentrations present in the wastewater on the selection of resistant bacteria.
Minimal selective concentration: The traditional setpoint is the minimum inhibitory concentration (MIC), defined as the
lowest concentration of an antimicrobial that will inhibit the visible growth of a microorganism (Andrews, 2002). However,
subinhibitory concentrations of an antibiotic that do not inhibit growth will often lower the growth rate of a susceptible strain
because the cell has to manage stress responses in order to repair or prevent damage done by the antibiotic. On the other
hand, the resistant strain often has to propagate large plasmids, which will also slow down growth. The MSC (minimal
selective concentration) is defined as the concentration at which a resistant bacterium will start to outgrow a susceptible
bacterium in competition experiments (Gullberg et al., 2011). At the MSC, the decrease in growth rate caused by the fitness
cost of carrying a resistance plasmid is balanced by the decrease in growth rate exerted by subinhibitory concentrations of the
antibiotic for the susceptible strain. Antibiotic concentrations between the MSC and the MIC should be avoided to prevent
proliferation of resistant bacteria.
The system: We established a test system consisting of a natural resistance plasmid isolated from bacteria selected from
clinical wastewater and fluorescently marked bacteria. The plasmid contains several resistance genes. The fluorescent
bacteria harbor either GFP or mCherry as a fluorophore in their genomes. With exception of the different fluorophores, the
competing bacteria are identical. By turns one of the fluorescent strains is transformed with the resistance plasmid and tested
in competition experiments with the other strain.
First results: In a first approach we could show the minimal selective concentration for piperacillin is between 0,5 mg/L and
1 mg/L for the resistant plasmid p652 in Acinetobacter baylyi (Fig. 3).

MICres

MICsusc

Growth rate

MSC

susceptible
strain
resistant
strain

Sub-MIC
selective window

Traditional
selective window

I<I =
resistant
strain
outcompetes
the
susceptible
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Fig. 2: Acinetobacter baylyi BD413 GFP and A. baylyi BD413
mCherry in a mixed culture.
A
B
C
A) phase contrast
B) fluorescence microscopy
C) overlay
Fig. 3: Overview of cell counts after 24 h of competition between A.
baylyi GFP and A. baylyi mCherry with the resistance plasmid
p652, in the presence of different concentrations of piperacillin.
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Fig. 1: Overview of the different selective windows, as
a function of antibiotic concentration. Figure modified
from Gullberg et al. (2011).
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In conclusion, we could show the existence of a sub-MIC selective window between MSC and MIC. The experiments indicate a
selective effect for piperacillin at 1 mg/L, a concentration that was found in some wastewater samples in the HyRKA project by a
cooperating group (pers. communication, A. Voigt & H. Färber). Although 1 mg/L is below the MIC of A. baylyi it may
nevertheless favor the growth of the resistant strain.
Acknowledgment: We would like to thank Prof. Dr. Kornelia Smalla from the Julius Kühn-Institut - Federal Research Centre for Cultivated Plants (JKI), Institute for Epidemiology and
Pathogen Diagnostics, Braunschweig, Germany for providing the parental strain A. baylyi BD413.
Special Thanks go to AG Harald Färber from the Institute of Hygiene and Public Health –University of Bonn, Bonn, Germany, for sharing their data in the HyReKA project with us.
References:
1: Andrews J.M., 2001. Determination of minimum inhibitory concentrations. J. Antimicrob. Chemother., 49(6),1049.
2:Gullberg E., Cao S., Berg O.G., Ilbäck C., Sandegren L., Hughes D., Andersson D.I., 2011. Selection of resistant bacteria at very low antibiotic concentrations. PLoS Pathog., 7(7),
e1002158.
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Motivation
The potential risk of infection to the consumers from contaminated
water calls for prompt pathogen detection and intervention to
mitigate health risk. Need for a rapid, specific and sensitive detection
of pathogens in water presents a key challenge in modern water
quality monitoring.
A German-Australian collaboration
focuses on the recent progress,
future research needs
to advance monitoring
techniques and risk
mitigation
strategies.

Antibiotic Resistances
In the field of hygienic parameters antibiotic resistances
gained increasing attention in the past few years. For these
reasons, investigations concerning antibiotic resistant
bacteria (ARB) and antibiotic resistant genes (ARG) in the
aquatic environment are one of the main aims of the
cooperation.

Microbial Source Tracking
Source tracking markers enable the identification of
fecal input origins. This allows selective and targeted
actions in cause of surface and source water pollution
supporting the reduction of health risks in water used
for drinking, bathing or irrigation.

Detection of Viruses
Viruses - even in very low concentrations – pose a potential
health risk. The success of qPCR detection depend on
water enrichment and extraction methods. For an improved
workflow, various methods were compared to give high
recovery rates. Future developments will focus on mobile
devices allowing rapid sampling in the field.

Joint pilot
sites
Joint
reference
lab

Microarray Technology
Beside the quantification of single genes, microarray
technology allows the simultaneous detection of a large
number of different targets. These analytical methods enable
a deep view into bacterial communities including potential
antibiotic resistance, virulence or degradation of contaminants.

Overall goal:
Optimization and extent
of monitoring methods for
microbiological water
quality

Scientific exchange
The GAbi project is highly focused on sharing and joint gain
of scientific knowledge, the improvement of methods, qPCR
standards and the analyzation of environmental samples.
This opens also the possibility for both Australian and
German students to take part in scientific exchanges.
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Introduction
Antibiotic-resistant bacteria are an increasing problem and pose a threat to human health, in particular when released into the environment. Wastewater from
slaughterhouses is considered a hotspot for antibiotic-resistant pathogens (ARPs) and represents a potential reservoir for their spread through the in-plant and
communal sewage
g treatment systems.
y
For this reason, it is important
p
to control the effluents discharged
g into the aquatic
q
environment and monitor them for ARPs.
The objective of this study is to investigate the occurrence of selected clinically relevant ARPs in wastewater from a pig slaughterhouse (incl.
transport trucks). Furthermore, to examine their emergence after the treatment process by in-house and its communal wastewater treatment plants
(WWTP) as well as in the receiving surface water. The data will be used to design strategies for preventing the development and spread of ARPs.

Materials & Methods
• Wastewater samples (n=18) were taken from transport trucks and along the production process inside a pig slaughterhouse in Germany, with slaughtering
capacity of >50.000 pigs/day. Samples were taken while preliminary cleaning without use of disinfectants and detergents.
• Slaughterhouse S1 has its own biological and chemical-physical WWTPs with overall daily treatment capacity of 3100 m3. Their inflows and outflows (n=20) were
sampled as well. Since S1 is not a direct discharger, a communal WWTP receiving the wastewater from the investigated pig slaughterhouse, and its preflooder
were sampled as well (n=16). Samples were screened for the presence of ARP using CHROMagarTM selective media (ESBL, MRSA, VRE).
• Grown colonies were differentiated and pre-selected by morphological and physiological characteristics. If applicable, up to 4 isolates per species and sampling
point were picked for further analysis. The final identification was done by MALDI-TOF MS and resistance was confirmed by determining of MICs using the
VITEK® 2 microbial ID/AST testing system.
• The phylogenetic groups of ESBL- E. coli were determined by quadruplex PCR (1). MLST of resistant E. coli was conducted according to previously described
MLST procedures (2). ESBL-producing E. coli were screened by PCR (3, 4, 5) for β-lactamase-encoding genes belonging to the blaTEM, blaSHV, and blaCTX-M
families and sequenced.
• Ciprofloxacin-resistant isolates were screened by PCR (6) for eight plasmid-mediated quinolone resistance genes qnrABCDS, qepA, oqxA and aac(6’)-Ib-cr.
• The colistin-resistant strains were screened for the presence of mobile colistin resistance genes mcr-1, mcr-2, mcr-3, mcr-4 and mcr-5 by PCR (7).
• The MRSA isolates were spa typed (8).

Results

• Samples from the outflows of the in-house WWTPs (n=10) were positive for A. calcoaceticusbaumannii complex (n=8/10), E. coli (n=8/10), MRSA (n=5/10), Klebsiella spp. (n=2/10),
Enterobacter spp. and Citrobacter spp. (each n=1/10). The outflow of the communal WWTP (n=4)
was positive for E. coli (n=4/4), VRE (n=3/4) and Klebsiella spp. (n=3/4). All these species as well
as MRSA, Citrobacter spp. and Enterobacter spp. were also detected in the preflooder upstream
and downstream from the discharge point.

Wastewater from Transport Trucks
Wastewater from Holding Pens

Production
nSamples = 18
nIsolates = 106

Scalding Water

• The overall rate of 3MDRO strains from the slaughterhouse was 15.8% (n=26/165): Klebsiella spp.
– 36.0% (n=9/25), E. coli – 16.1% (n=14/87), A. calcoaceticus-baumannii complex (n=3/44) – 6.8%.
Whereas the total rate of the 3MDRO strains from the communal WWTP was higher at 48.1%:
Enterobacter spp. – 100% (n=2/2), K. oxytoca – 83.3% (n=10/12), K. pneumoniae – 58.3%
(n=7/12), E. coli – 43.9% (n=18/41) and A. calcoaceticus-baumannii complex (n=1/11) – 9.1%.

Wastewater from Producing Facility
In-house WWTP
nSamples = 20
nIsolates = 148

Inflow biological WWTP

Inflow chemical-physical WWTP
Outflow biological
olog
lo
WWTP

• 6.7% of the overall strains were colistin-resistant (n=11/165), of these 1.8% were additionally
3MDRO (n=3/165). To such colistin-resistant species belonged A. calcoaceticus-baumannii
complex (n=5/11), E. coli (n=4/11) and E. asburiae (n=2/11). Of these, only one isolate of A.
calcoaceticus-baumannii complex was positive for both mcr-1 and mcr-2.

Outflow chemical-physical WWTP
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• The most common phylogenetic groups of E. coli (n=72) were C (34.7%), B1 (29.2%) and E
(23.6%), followed by F (4.2%) and A (1.4%). The abundance of extraintestinal pathogenic E. coli
(B2) was low at 4.2% (n=3/72), whereas two such strains were isolated from the inflow of the
municipal WWTP. The MLST results of 11 3MDRO E. coli strains showed a diversity of STs. The
most common STs were ST-641 (n=3/11) and ST-224 (n=2/11). The rest of the isolates were
assigned to ST-617, ST-1431, ST-354, ST-3595, ST-542 and ST-744.

Figure 1: Occurrence and species distribution of the isolated strains at the sampling
points in the pig slaughterhouse.
Communal WWTP and
Inflow municipal WWTP
its Preflooder
nSamples = 16
nIsolates = 108

• The most common ß-lactamase genes of ESBL-producing E. coli (n=44) were CTX-M-1 (38.6%)
and CTX-M-15 (25.0%). Twelve (27.3%) isolates harbored both blaCTX-M and TEM-1, three (6.8%)
isolates carried TEM-1 and one (2.3%) was positive for CTX-M-55. Five of the ESBL-producing K.
pneumoniae (n=5/9) strains showed a variety of SHV-genes in combination with blaCTX-M: SHV-1
(n=2/5), SHV-1a, SHV-11 and SHV-28. Two isolates were positive for CTX-M-15 and two harbored
SHV-1 and SHV-33. Only two out of twenty–two isolates (9.1%) from A. calcoaceticus-baumannii
complex were positive for SHV-12/CTX-M-1 and CTX-M-1. One C. freundii isolate harbored CTXM-15 (n=1/3) and E. asburiae (n=2) isolates were negative for blaCTX-M, blaTEM or blaSHV.
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• All 3MDRO K. pneumoniae strains (n=10/10) were positive for PMQR. All of them carried oqxA,
whereas 33.3% of them in combination with qnrB and 60.0% with qnrS. Only two out of ten
3MDRO K. oxytoca strains were positive for qnrA and qnrS. 40% of ciprofloxacin-resistant E. coli
Figure 2: Occurrence and species distribution of the isolated strains at the sampling
isolates (n=12/30) carried PMQR genes. The most abundant were qnrB (n=7/12), followed by
points in the communal WWTP and its preflooder.
acc(6´)-lb-cr (n=3/12), qnrS (n=1/12) and qepA (n=1/12). All C. freundii (n=2) and E. asburiae (n=2)
were positive for qnrB and qnrA, respectively. Whereas none of the isolates from A. calcoaceticus• E. coli, MRSA, A. calcoaceticus-baumannii complex and Klebsiella spp. were the
baumannii complex (n=3) harbored PMQR genes.
most predominant species (96% of the isolated strains) among the isolates from
the slaughterhouse. Citrobacter spp., P. aeruginosa and Enterobacter spp. made
up only 4% of all isolates. The most widespread species detected in the samples • The spa typing of MRSA strains (n=65) revealed eight known livestock-associated types: t011
(50.8%), t034 (32.2%), t8100 (6.2%), t2576 (3.1%) and t1793, t4224, t899, t9266 (each 1.5%),
from the communal WWTP were E. coli (36%), Klebsiella spp. (24%),
whereas one isolate from the inflow of the communal WWTP was identified as a hospital-acquired
Enterococci spp. (21%) and A. calcoaceticus-baumannii complex (10%). MRSA,
MRSA clone t003.
Citrobacter spp. and Enterobacter spp. were less frequently isolated.

Conclusions
• All wastewater samples from the slaughterhouse, including the outflows from the
in-house WWTPs, were positive for MRSA. ESBL-producing E. coli, Klebsiella
spp. and A. calcoaceticus-baumannii complex were also found in all samples
except for the scalding water. Additionally, VRE were detected in almost all
samples from the communal WWTP but in none of the slaughterhouse samples.
• All these pathogens were detected after the treatment process by in-house and
communal WWTPs and in the receiving surface water.

• The overall rate of 3MDRO strains from the communal WWTP at 48.1% was higher in comparison
to those from the slaughterhouse (15.8%). 49.1% of them carried PMQR genes.
• A wide variety of bla genes was found among ESBL-producing isolates, including some clinically
relevant ones. All strains were carbapenem-susceptible.
• The abundance of mcr genes among colistin-resistant strains was low at 9.1%.
• The occurrence of ExPEC was low at 4.2%.
• All isolated MRSA strains from the slaughterhouse wastewater were known livestock-associated
types.
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