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More than 60% of the 1,700 infectious diseases that affect human come from animals

and zoonotic pandemics, after starting from sporadic phenomena limited to rural areas,

have become a global emergency. The repeated and frequent zoonotic outbreaks such

as the most recent COVID-19 pandemic can be attributed also to human activities. In

particular, the creation of enormous intensive domestic animal farms, the indiscriminate

use of antibiotics, the destruction of forests, the consumption of the meat of wild animals

and the illegal animal trade are all factors causing the insurgence and the transmission

of zoonotic diseases from animals to humans. The purpose of this study was to explore

the knowledge of the One Health concept including the zoonotic risk potentially derived

from illegally traded pet animals and wildlife among adolescents in 6 different countries

(Italy, Austria, Slovenia, Germany, Mauritius, and Japan). A representative sample of 656

students was recruited and all participants took an anonymous questionnaire. Data were

analyzed by ANOVAs to estimate the prevalence of correct health prevention behaviors

and to identify the influential factors for these behaviors. After two theoretical-practical

lectures, the same anonymous questionnaire was administered for the second time in

order to assess the efficacy of the program. The proportion of students who did not

know that many diseases affecting humans come from animals is 28.96% while 32.16%

of them did not knowwhat a zoonosis is. The circularity of the One Health concept related

to the transmission of diseases from animals to humans and vice-versa is not understood

from a large prevalence of the adolescents with 31.40 and 59.91% of wrong responses,

respectively. Furthermore, rabies is not considered as a dangerous disease by 23.02% of

the adolescents. After two theoretical-practical classroom sessions, the correct answers
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FIGURE 10 | Q24: “Can pet animals transmit diseases to humans?” ANOVA F (6, 649) p = 0.00020 [Axes X regions or countries, Axes Y % correct answers–DE,

Germany; SLO, Slovenia; FVG, Friuli Venezia Giulia Italy; BZ, Autonomous Province of Bolzano Italy; KNT, Carinthia Austria; J, Japan; M, Mauritius–(n = 656)].

Mauritian adolescent stand out from all the others for their
knowledge of this risk ANOVA F(6, 649) p = 0.00012, as reported
in Figure 9.

Q24: “Can Pet Animals Transmit Diseases to

Humans?” (68.60% Correct, 31.40% Wrong)
The results show that 31.40% of the adolescents do not perceive
the risk of diseases transmission from pets to humans and
significant differences emerged among the various regions or
countries with adolescents from Carinthia and Japan being those
with the most awareness of this risk ANOVA F(6, 649) p= 0.00020
as reported in Figure 10.

Q25: “Can Humans Transmit Diseases to Animals?”

(40.09% Correct, 59.91% Wrong)
Almost 60% of the adolescents believe that humans cannot
transmit diseases to animals and also in this case significant
differences emerged among the different regions or countries,
with the German, Carinthian and Japanese adolescent being
more aware of this risk than the others, ANOVA F(6, 649) p =

0.00000, as reported in Figure 11.

Q26: “Is Rabies a Disease That Is Dangerous to

Humans?” (76.98% Correct, 23.02 Wrong)
More than 23% of the adolescents believe that rabies is not
a dangerous disease for humans and there are significant
differences among the various regions or countries with a
higher risk awareness among Carinthian, Japanese, and German
adolescents compared to others, ANOVA F(6, 649) p = 0.00295,
as reported in Figure 12. Furthermore, we also have an effect of

gender as a factor which in particular in Friuli Venezia Giulia and
the Autonomous Province of Bolzano determines a significant
difference in the risk perception among males and females,
ANOVA F(6, 642) p = 0.00367, with the latest showing the lowest
awareness about rabies risks.

DISCUSSION

Naïve Knowledge
The Naïve Knowledge of the adolescents shows that they have
significant lack of knowledge in the understanding of biological
risks and zoonoses. Almost 24% of them are unaware that pets
must be dewormed every year (Question 20) and this exposes
them to a real risk of being infected by zoonotic parasitic
diseases. In fact, most of puppies from the illegal pet trade
are tested positive for several endoparasites which are capable
of infecting humans such as Giardia spp. or Toxocara spp.
Findings indicate that 67.84% of adolescents know the meaning
of the term zoonosis and this is a good result if compared to
analogous studies on adults in Brazil where only 28.2% knew the
meaning of the term zoonosis (27) or in Portugal where only
35.2% of the adult’s group investigated was aware of what is a
zoonosis (28).

The survey shows that 31.40% of children do not believe that
pets can transmit diseases to humans (Question 24) and this
constitutes a dangerous lack of knowledge because it exposes
almost one third of the adolescents to a high zoonotic risk.
However, the concept that is absolutely the most difficult to
understand for the adolescents we investigated is related to
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FIGURE 11 | Q25: “Can humans transmit diseases to animals?” ANOVA F (6, 649) p = 0.00000 [Axes X regions or countries, Axes Y % correct answers–DE, Germany;

SLO, Slovenia; FVG, Friuli Venezia Giulia Italy; BZ, Autonomous Province of Bolzano Italy; KNT, Carinthia Austria; J, Japan; M, Mauritius–(n = 656)].

FIGURE 12 | Q26: “Is rabies a disease that is dangerous to humans?” ANOVA F (6, 649) p = 0.00295 [Axes X regions or countries, Axes Y % correct answers–DE,

Germany; SLO, Slovenia; FVG, Friuli Venezia Giulia Italy; BZ, Autonomous Province of Bolzano Italy; KNT, Carinthia Austria; J, Japan; M, Mauritius–(n = 656)].
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FIGURE 13 | Q22 and Q25: “Many diseases that affect humans come from animals?”–“Can humans transmit diseases to animals?” [Axes X regions or countries,

Axes Y % correct answers–DE, Germany; SLO, Slovenia; FVG, Friuli Venezia Giulia Italy; BZ, Autonomous Province of Bolzano Italy; KNT, Carinthia Austria; J, Japan;

M, Mauritius–(n = 656)].

the fact whether humans can in turn transmit diseases to
animals (Question 25). In this case, 59.91% of the adolescents
believe humans are unable to transmit diseases to other species
(Figure 13). This lack of knowledge does not allow them to
understand properly events such as the reverse-spillover that
occurred in Denmark in which human has infected minks with
Sar-Cov-2 and minks in turn infected people by generating a
new mutation of the Sars-Cov-2 virus named “cluster 5,” which
later spread infection to at least eight more countries, namely
Denmark, Lithuania, Netherlands, Spain, Sweden, Italy, Greece,
and the United States of America (29).

Finally, although 91.31% of adolescents believe it is useful
to vaccinate dogs against rabies and other diseases, more than
23% of the same adolescent group believe that rabies is not a
dangerous disease for humans. Again, this lack of knowledge
exposes them to serious health risks.

Learning
The usefulness of theoretical and practical lessons in the
classroom has its maximum effectiveness in the context of
understanding the concept of circularity in the transmission
of diseases that can pass from animals to humans and then
back again to animals. In this case, only two theoretical and
practical sessions in the classroom were enough to generate
an increase in knowledge, which varies from a minimum of
16.39% (Question 25) up to a maximum of 21.92% (Question
24) compared to Naïve ones. Nonetheless, the average value
of the correct answers among all regions or countries for One
Health, Zoonoses and Diseases topics of the questionnaire was
73.88%. This means that 26.12% i.e., more than one quarter of the
student population does not understand the basic mechanisms

of prevention of infectious diseases with particular reference to
zoonoses. It is not only an ethical problem but also a public health
problem, which translates into a greater cost to be incurred for
the community.

Limitations of the Study
Though the study was implemented to a comfortable
representative sample in four regions or countries (Friuli
Venezia Giulia, Autonomous Province of Bolzano, Land
Carinthia, and Mauritius) as reported in Figure 3, ideally it
would have been better if the pandemic situation permitted,
to increase the sample size also in the other three countries
(Germany, Slovenia, and Japan) for a broader understanding of
the magnitude of the identified associations.

Future Vision and Hope
The Anthropocene has been a geological epoch characterized
by a significant increase of the impact of human activities on
the ecosystems. It has been a short evolutionary period because
it is obvious to everybody that we have now entered a new
period that we could call the Zoonosecene, characterized by the
increasingly frequent appearance of pandemic infectious diseases
transmitted to human by animals (7). The acquisition of skills
and competences in the health prevention and zoonotic domains
is of fundamental importance so that the new generations can
defend themselves from current and future infectious diseases.
The corrective measures to be adopted should start from health
prevention programs in schools and from the concept of early
education which is the first and most important element of the
One Health cycle described in Figure 2. The endless conflict
between our species and the zoonoses that can kill us requires
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the inclusion of the One Health concept in the school’s curricula
because, as Isaac Asimov said, “Education is something you can’t
finish” like the never-ending war against pathogens.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

Ethical review and approval was not required for the study
on human participants in accordance with the local legislation
and institutional requirements. Written informed consent to
participate in this study was provided by the participants’ legal
guardian/next of kin.

AUTHOR CONTRIBUTIONS

PZu, M-CR, IF, and AB conceived of the idea of developing an
international school based survey about OneHealth and zoonotic
risk. PZu, M-CR, MD, YR, TM, SS, SH, AB, IF, GMo, MS, RF,
GMe, PZa, FM, and SP contributed to the theoretical lessons.
PZu, M-CR, MD, SS, SH, AB, IF, MS, RF, and GMe contributed
also the practical lessons with K9 units. PZuwrote themanuscript
proof. All authors discussed the results and contributed to the
final version of the manuscript.

FUNDING

This study was supported by the European Regional
Development Fund - Interreg V-A Italia- Österreich, Bio-
crime Project, project Code ITAT3002 and by the Bio-crime
centre of Friuli Venezia Giulia Region, Italy and Land Carinthia,
Austria (www.biocrime.org).

ACKNOWLEDGMENTS

The authors would like to thank the following people for
their contribution and support to this research project: School’s
Professors and Directors: Brunner Sieglinde (Teacher at
NMS St. Veit/Glan); Hasler Gernot (Director NMS Klein
St. Paul and Brückl); Horn Elisabeth (Teacher NMS St.
Veit/Glan); Hutter Lukas (Teacher BG/BRG Villach St. Martin);
Brightman James (Director ISC Velden); Lamprecht Anna-
Maria (Teacher. ISC Velden); Lynas Brigitte (Teacher NMS
St. Veit/Glan); Omann Nina (Teacher BG/BRG Villach St.
Martin); Gabriella Lertua (Teacher IC Svevo Trieste), Barbara

Pergolese (Teacher IC Dante Alighieri Trieste) Raffaella Piani
(Teacher IC Commerciale Corsi Trieste), Debora Madotto
(Teacher IC Bachmann Tarvisio), Antonio Pasquariello (Director
IO Gemona del Friuli, Udine); Thomas Josiger and Jenny
Wichert (Director and Teacher Robert Havemann Gymnasium,
Berlin); Kazuya Takahashi (President and Teacher of Jiyu
Gakuen School, Tokyo); Heidi Niederkofler (Director A.
Schweitzer MS, Bolzano), Liselotte Niederkofler (Director A.
Stifter MS, Bolzano), Ingrid Pertoll-Froner (Director Bozen-
Stadt MS, Bolzano). Law Enforcements: Blatnik Franz (K9 Unit
Director Search and Rescue Dogs Carinthia, Austria), Calabrese
Alessandro, Di Pietro Salvatore, Trinci Leonardo (K9 Units,
Italian Financial Police, Regional Command Friuli Venezia
Giulia Region, Italy); Ota Damijana (PhD, Regional Forest Police,
Regione Friuli Venezia Giulia, Italy); Other Institutions: Dr.
Balbo Roberto,World Organization for Animal Health, OIE Sub-
Regional Representative in Brussels; Dr. Oliver Krone, Leibniz
Institute for Zoo and Wildlife Research, Berlin, Germany; Dr.
Ajeevsing Bholoa and Dr. Brinda Oogarah-Pratap, Mauritius
Institute of Education (MIE), and all the other people that cannot
be named.

Police, Pet Therapy, Search, and Rescue
Dogs
• Elizabeth (Betty): pet therapy dog (owner Paolo Zucca –

Central Directorate for Health, Social Policies and Disabilities,
Friuli Venezia Giulia Region, Italy)

• Uma and Goran: drug detection dog (owner Leonardo Trinci
– Italian Financial Police, Regional Command Friuli Venezia
Giulia Region, Italy)

• Digao: currency detection dog (owner Alessandro Calabrese
– Italian Financial Police, Regional Command Friuli Venezia
Giulia Region, Italy)

• Flash: tobacco detection dog (owner Salvatore Di Pietro –
Italian Financial Police, Regional Command Friuli Venezia
Giulia Region, Italy)

• Nora: search and rescue dog (owner Mitja Dodic, Slovenia)
• Dario: search and rescue dog (owner Franz Blatnik,

Carinthia, Austria)
• Sir Isaac Newton: search and rescue dog (owner

Susanne Holtze – Leibniz Institute for Zoo and Wildlife
Research, Germany).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.
2021.658876/full#supplementary-material

REFERENCES

1. Levy DM. Scrolling Forward: Making Sense of Documents in the Digital Age.
New York, NY: Arcade (2001).

2. Carr N. The Shallows. What the Internet Is Doing to Our Brains. New York,
NY: WWNorton and Company (2010).

3. Nielsen J. How users read on the web. (1997). Website Nielsen
Norman Group. Available online at: https://www.nngroup.
com/articles/how-users-read-on-the-web/ (accessed 11 January,
2021).

4. Cleaveland S, Laurenson MK, Taylor LH. Diseases of humans and their
domestic mammals: pathogen characteristics, host range and the risk of

Frontiers in Public Health | www.frontiersin.org 14 March 2021 | Volume 9 | Article 658876

http://www.biocrime.org
https://www.frontiersin.org/articles/10.3389/fpubh.2021.658876/full#supplementary-material
https://www.nngroup.com/articles/how-users-read-on-the-web/
https://www.nngroup.com/articles/how-users-read-on-the-web/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Zucca et al. One-Health, Zoonotic Risks and Adolescents

emergence. Philos Trans R Soc London B Biol Sci. (2001) 356:991–9.
doi: 10.1098/rstb.2001.0889

5. FriendM. Disease emergence and resurgence: the wildlife-human connection.
Reston Va US Geol Surv Circular. (2006) 1285:400. doi: 10.3133/cir1285

6. Karesh WB, Dobson A, Lloyd-Smith JO, Lubroth J, Dixon MA, Bennett M,
et al. Ecology of zoonoses: natural and unnatural histories. Lancet. (2012)
380:1936–45. doi: 10.1016/S0140-6736(12)61678-X

7. Zucca P. The Zoonosecene: the new geological epoch of intensive breeding, of
wildlife trade, of antibiotic resistance and of pandemic diseases, following the
Anthropocene. Platinum. (2020) 11:114. doi: 10.13140/RG.2.2.16949.50408/1

8. Morosetti G, Molé S, WHO/FAO Collaborating Centre for Research and
Training in Veterinary Public Health. Notes on the role of wildlife in the

epidemiology of zoonoses / G. Morosetti and S. Molé. Rome: WHO/FAO
Collaborating Centre for Research and Training in Veterinary Public? (1992).
Available online at: https://apps.who.int/iris/handle/10665/60011 (accessed 24
January, 2021).

9. Lo Iacono G, Cunningham AA, Fichet-Calvet E, Garry RF, Grant DS,
Leach M, et al. A unified framework for the infection dynamics of
zoonotic spillover and spread. PLoS Negl Trop Dis. (2016) 10:e0004957.
doi: 10.1371/journal.pntd.0004957

10. FAO/OIE/WHO. A Tripartite Guide to Addressing Zoonotic Diseases in

Countries. World Health Organization. (WHO), Food and Agriculture
Organization of the United Nations. (FAO) and World Organisation for
Animal Health. (OIE) (2019). Available online at: http://www.fao.org/3/
ca2942en/ca2942en.pdf (accessed 11 January, 2021).

11. Morens DM, Fauci AS. Emerging pandemic diseases how we got to COVID-
19. Cell Sep. (2020) 182:1077–92. doi: 10.1016/j.cell.2020.08.021

12. Osorio J. Biodefense pathogens. In: Proceedings of Bio-crime conference “The

integration of the One Health approach in Veterinary public health and

education”. Trieste: Area Science Park (2018).
13. Beirne P. Wildlife trade and COVID-19: towards a criminology of

anthropogenic pathogen spillover. Br J Criminol. (2020) 2020:azaa084.
doi: 10.1093/bjc/azaa084

14. Karesh WB, Noble E. The bushmeat trade: increased opportunities for
transmission of zoonotic disease. Mount Sinai J Med. (2009) 76:429–34.
doi: 10.1002/msj.20139

15. Kruse H, Kirkemo A-M, Handeland K. Wildlife as source of zoonotic
infections. Emerg Infect Dis. (2004) 10:2067–72. doi: 10.3201/eid1012.040707

16. McMahon BJ, Morand S, Gray JS. Ecosystem change and zoonoses
in the Anthropocene. Zoonoses Public Health. (2018) 65:755–65.
doi: 10.1111/zph.12489

17. Han BA, Kramer AM, Drake JM. Global patterns of zoonotic disease in
mammals. Trends Parasitol. (2016) 32:565–77. doi: 10.1016/j.pt.2016.04.007

18. Stieg C. How this Canadian start-up spotted coronavirus before everyone

else knew about it. (2020). CNBC Make It. Available online at: https://
www.cnbc.com/2020/03/03/bluedot-used-artificial-intelligence-to-predict-
coronavirus-spread.html. (accessed 15 January, 2021).

19. Bluedot. Anticipate outbreaks. Mitigate Risk. Build resilience. BlueDot

empowers responses to infectious disease risk using human and artificial

intelligence. (2021). Available online at: https://bluedot.global (accessed 11
January, 2021).

20. CDC. One Health. (2021). CDC website. Available online at: https://www.cdc.
gov/onehealth/ (accessed 12 January, 2021).

21. Cleaveland S, Sharp J, Abela-Ridder B, Allan KJ, Buza J, Crump JA,
et al. One Health contributions towards more effective and equiTable le
approaches to health in low- and middle-income countries. Philos Trans

R Soc London Ser B Biol Sci. (2017) 372:20160168. doi: 10.1098/rstb.20
16.0168

22. Cross AR, Baldwin VM, Roy S, Essex-Lopresti AE, Prior JL, Harmer
NJ. Zoonoses under our noses. Microb Infect. (2019) 21:10–9.
doi: 10.1016/j.micinf,.2018.06.001

23. Khan LH, Kaplan B, Monath TP, Woodall J, Conti LA. One Health initiative.
(2018). Available online at: http://www.onehealthinitiative.com/ (accessed 11
January, 2021).

24. CDC. Zoonotic Disease. (2021). CDC website. Available online at: https://
www.cdc.gov/onehealth/basics/zoonotic-diseases.html (accessed 11 January,
2021).

25. Silberman CE. The Open Classroom Reader, Page xix. (1973). New York, NY:
Vintage Books: A Division of Random House.

26. Zucca P, Rossmann M-C, Osorio JE, Karem K, De Benedictis P, Haißsl
J, et al. The “Bio-Crime Model” of cross-border cooperation among
veterinary public health, justice, law enforcements, and customs to tackle
the illegal animal trade/bio-terrorism and to prevent the spread of
zoonotic diseases among human population. Front Vet Sci. (2020) 7:593683.
doi: 10.3389/fvets.2020.593683

27. Lima AMA, Alves LC, Faustino MAdG, Lira NMSd. Perception
of the zoonosis and responsible pet care by the parents
from public schools kindergarten located at metropolitan
region of Recife, northeast of Brazil. Ciencia and saude

coletiva. (2010) 15:1457–64. doi: 10.1590/S1413-8123201000
0700057

28. Pereira A, Martins Â, Brancal H, Vilhena H, Silva P, Pimenta P, et al.
Parasitic zoonoses associated with dogs and cats: a survey of Portuguese pet
owners’ awareness and deworming practices. Parasites Vectors. (2016) 9:245.
doi: 10.1186/s13071-016-1533-2

29. WHO. SARS-CoV-2 mink-associated variant strain – DenmarkDisease

Outbreak News: Update. (2020). WHO website. Available online at: https://
www.who.int/csr/don/03-december-2020-mink-associated-sars-cov2-
denmark/en/ (accessed 18 January, 2021).

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Zucca, Rossmann, Dodic, Ramma, Matsushima, Seet, Holtze,

Bremini, Fischinger, Morosetti, Sitzia, Furlani, Greco, Meddi, Zambotto, Meo,

Pulcini, Palei and Zamaro. This is an open-access article distributed under the terms

of the Creative Commons Attribution License (CC BY). The use, distribution or

reproduction in other forums is permitted, provided the original author(s) and the

copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Public Health | www.frontiersin.org 15 March 2021 | Volume 9 | Article 658876

https://doi.org/10.1098/rstb.2001.0889
https://doi.org/10.3133/cir1285
https://doi.org/10.1016/S0140-6736(12)61678-X
https://doi.org/10.13140/RG.2.2.16949.50408/1
https://apps.who.int/iris/handle/10665/60011
https://doi.org/10.1371/journal.pntd.0004957
http://www.fao.org/3/ca2942en/ca2942en.pdf
http://www.fao.org/3/ca2942en/ca2942en.pdf
https://doi.org/10.1016/j.cell.2020.08.021
https://doi.org/10.1093/bjc/azaa084
https://doi.org/10.1002/msj.20139
https://doi.org/10.3201/eid1012.040707
https://doi.org/10.1111/zph.12489
https://doi.org/10.1016/j.pt.2016.04.007
https://www.cnbc.com/2020/03/03/bluedot-used-artificial-intelligence-to-predict-coronavirus-spread.html
https://www.cnbc.com/2020/03/03/bluedot-used-artificial-intelligence-to-predict-coronavirus-spread.html
https://www.cnbc.com/2020/03/03/bluedot-used-artificial-intelligence-to-predict-coronavirus-spread.html
https://bluedot.global
https://www.cdc.gov/onehealth/
https://www.cdc.gov/onehealth/
https://doi.org/10.1098/rstb.2016.0168
https://doi.org/10.1016/j.micinf
http://www.onehealthinitiative.com/
https://www.cdc.gov/onehealth/basics/zoonotic-diseases.html
https://www.cdc.gov/onehealth/basics/zoonotic-diseases.html
https://doi.org/10.3389/fvets.2020.593683
https://doi.org/10.1590/S1413-81232010000700057
https://doi.org/10.1186/s13071-016-1533-2
https://www.who.int/csr/don/03-december-2020-mink-associated-sars-cov2-denmark/en/
https://www.who.int/csr/don/03-december-2020-mink-associated-sars-cov2-denmark/en/
https://www.who.int/csr/don/03-december-2020-mink-associated-sars-cov2-denmark/en/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

