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National Reference Centre for Hygiene and Technologies of Water Buffalo Farming and Productions 

CReNBuf
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What can be done
 to reduce the use
 of antibiotics in 

animals?

Present &
Future
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 Studio del Benessere animale e della Sostenibilità della 

filiera produttiva della bufala da latte mediante 

approccio multidisciplinare. 

N. identificativo progetto: IZSME 08/18 RC 

U.O. 1 IMS Istituto Zooprofilattico Sperimentale del Mezzogiorno – Centro di Referenza Nazionale per l’Igiene e le Tecnologie 

dell’Allevamento e delle Produzioni Bufaline (CReNBuf) 

U.O. 2 IMS IZSLER –Centro di Referenza Nazionale per il Benessere Animale (CReNBA) 

U.O. 1 EMS Università degli Studi di Milano – Dipartimento di Medicina Veterinaria:

U.O. 2 EMS Università degli Studi di Napoli Federico II- Laboratorio di Urbanistica e Pianificazione del Territorio

U.O. 3 EMS Consiglio per la ricerca in agricoltura e l’analisi dell’economia agraria Centro di ricerca Zootecnia e Acquacoltura- CREA
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Why talk about Buffalo?
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World buffaloes population

Production of Buffaloes 
by country Average 

1961 - 2014
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World milk production (buffalo vs bovine)

http://faostat3.fao.org/faostat

2011 2021 %

Production (tonnes) 5510

World+(Total) 

5000

Milk,whole fresh

buffalo 951
96.056.481 137.761.642 +43,4%

Milk,whole fresh

cow 882
617.329.720 746.056.588 +20,8%

http://www.fao.org/faostat/en/#data/QL
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Minervino AHH, Zava M, Vecchio D and Borghese A (2020) Bubalus bubalis: A Short Story. Front. Vet. Sci. 7:570413. doi: 
10.3389/fvets.2020.570413
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A new Animal Health Strategy for the European 
Union (2007-2013)

Investiment 
in Pevention

Direct and indirect 
coasts

Reactive
«CURE»

Proactive
«prevention»

€

€

€

€

G.R.Loria IZSS
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http://www.classyfarm.it/

http://www.classyfarm.it/
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➢Animal Welfare
➢Biosecurity
➢Antimicrobial usage
➢ Injuries detected at slaughterhouse

ClassyFarm permits the collection and processing of data relating to the following 
evaluation areas:
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Animal veterinary health, towards the future

Bertocchi 2016

DRUGS USE

WELFARE

BIOSAFETY Reduced use of the drug :
- Food safety

- Antimicrobial resistance

Reducing the risk of 
spreading pathologies

More effective 
physiological response

To the pathologies
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“The welfare of an individual is its state as regards its 
attempts to cope with its environment”

(Broom 1986)

What is it the animal welfare?
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Concept of animal welfare, animal adaptation and farming sustainability

Term of 
NATURAL 
LIFE

TERMS OF DOMESTICATED LIFE
Extensive or Intensive farming system

A.Terms of life in
«EXTREME» intensive 
farming
«FORCED» Extensive farming

< health
< water and food
> Behaviour limits 

System collapse

Bertocchi 2016

< predators
< paraites
 > food 
 > health
< competitions

livestock productivity 
(human benefit) 

perceived welfare
 (animal benefit) 
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INPUT

management
Eg.. Staff training, 

nutrition, 

Weaning protocol etc.

Structures
e.g. Space, volume,

troughs, milking machine

Climate e.g. T°, U%, gas 

OUTPUT
Health conditions

Skin lesions

Behavior

Physiological state

BUFALA

Claws 

Overgrowing

Prolaps V/U

Calf Mortality

Arts

Neck

Nipples

Towards the 

man.
Toward the 

animals

Nutrition status BCS

Consequences on the animal

ANIMAL

BASED

measures

NON ANIMAL

BASED 

measures

Hazards / Benefit

Welfare assessment

CReNBA Bertocchi Luigi,2016
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Welfare assessment

Is guaranteed the respect of the 5 freedoms for 
the whole population
- Normal environmental condition
- Physiological presence of adverse effects

There is no guarantee the respect of 5 freedom 
For all or part of the polopation

-Negative environmental condition
- Presence of Non-Physiological Adverse Effects

Very positive living conditions better than only 
5 freedoms

-Optimum environmental condition

- Absence / Minimum Evidence of Adverse 
Effects

Threshold 1

Threshold 2

Negativ level
Distress

 Normal level
Nostress

Positiv level 
Eustress

Bertocchi Luigi,2016
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Areas Theme N. item

Area A Management 32

Area B Structures and equipments 30

Area C Animal Based measures 17

Significant risks and alarm systems 9

Biosecurity Ruminant Biosecurity 15

Total Evaluation Item 103

Composition of the thematic areas for the welfare assessment 
and Biosecurity in buffalo farm dairy free stall
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in book: Oysters and Clams: Cultivation, Habitat Threats and Ecological impact
The ecological approach of the Host-Pathogen-Environment System. This figure was uploaded by Christine Paillard 2016

https://www.researchgate.net/profile/Christine_Paillard2
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Biosecurity
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Biosecurity
• (OIE Terrestrial Animal Health Code):

❖A set of management and physical measures designed to reduce the risk of 
introduction, establishment and spread of animal diseases, infection or infestations to, 
from and within animal population

❖These preventive, non-medication based measures are relevant for the maintence of 
animal health, and by extension, of food production, food safety, and biodiversity.
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Stockholm, November 2022

Italia

Estimated median 
number of 

attributable deaths 
in Europe (95% UI) 

year 2020

35 813 
(31 395 - 40 584)

Chiara Denise Ambra IZSM-CReNBuf | 
Brescia 12/10/2023
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Predicted mortality from AMR compared to common causes of death today (adapted from O’Neill 2016; 
Murray et al. 2022)
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Animal Category
Standard Live 
Weight (kg)

age

Adult Buffalo (BU) 600 From first birth

Heifers (MA) 300 6 months to first birth

Calves (VI) 100 0-6 months

✓ Animal category
- Cause

- Active molecules

- Administration

- Posology

Data Standardization
(animal biomass) 
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✓ Animal category

✓ Cause of treatment
✓ - Active molecules

✓ - Administration

✓ Posology

Causes of 
treatment

Gastrointestinal Osteoarticular

Urogenital Respiratory Cutaneous

Locomotor dry therapy Mastitis

Nervous Septicaemia unknown

Data Standardization 
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Category of antimicrobial* PA

Critical (C)
Cefalosporine III-IV Gen

Fluorochinoloni

Potentially Critical (PC) Macrolidi

Non Critical(NC)

Aminopenicilline
Aminoglicosidi

Cefalosporine I-II Gen
Lincosamidi
Penicilline

Penicilline BLR 
Sulfamidici
Tetracicline

✓ Animal category

✓ - Cause

✓ Active molecules (PA)
✓ - Administration

✓ Posology

*Ministero della salute – DG della Sanità Animale e dei Farmaci Veterinari

Data Standardization 
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✓ Animal category

✓ - Cause

✓ - Active molecules

✓ Administration

✓ Posology

VdS

Injectable (INJ)

Intramammary dry (IM dry)

Intramammary lactation (IM LAT)

Intrauterin (IU)

Data Standardization 
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✓ Animal category

✓ - Cause

✓ - Active molecules

✓ - Administration

✓ Posology

Antimicrobial Use 

Defined Daily Dose (DDDAit)*



i=1

n
PAi active ingredient used mg

DDDAiti mg x animals n × wightat risk (kg)

*Mazza, F. et al.; Animals 2021
*Scherpenzeel C.G. M. et al.; Journal of Dairy Science, Volume 97, Issue 6, 2014

Data Standardization 



3 Farms (L, M, H)

Blood samples collection

6 Farms (1L; 2M; 3H)

MUSIASEM evaluation

100 farm (Animal welfare, 
biosecurity and AMU evaluation)

250 Farms analysed



Figura 2 diagramma di flusso delle fasi del progetto di ricerca

Basso rischio 

Animal welfare X >80%

AWH

Medio Rischio

Animal Welfare 60%< X<80%

AWS

Alto Rischio

Animal Welfare X<60%

AWL
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61,55%

61,76%

42,17%

70,43%

43,31%

59,53%

AW Tot

Area A Management

Area B Housing

Area C ABMs

Biosecurity

Allarm system

Animal Welfare 

100 farms

Average size: 412 heads 
(min. 81 max 2240)

Total heads: 41.200
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AWL = X≤ 59%
AWM= 79% ≥ X ≥ 60%
AWH=  X ≥80%

Value AW totale, Area A Management, Area B Structure, Area C ABMs e Biosecurity for 3 classes of 

animal welfare risk (AWH; AWM; AWL)

AWL

7 %

AWM 
49%

AWH 
44%
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Baseline distribution delle aree tematiche rilevate: Benessere animale totale (AW Totale), 

Area a Management, Area b Structure, Area c ABMs, Biosicurezza.
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Antimicrobial use evaluation

2015
2016

2017

N° 100 Buffalo’s farms (Total heads: 41.200)
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Correlation between Animal Welfare score and Biosecurity score 
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a

b

Figura 20 Baseline distribution dei valori di Aptoglobina per i soggetti in asciutta per le diverse classi di rischio 

Benessere  (AWH, AWM, AWL) a≠b; P<0.05

Figura 21 Baseline distribution dei valori di Betaidrossibutirrato (BHBA mg/dl) per i soggetti in asciutta per le diverse 

classi di rischio Benessere (AWH, AWM, AWL) A≠B≠C; P<0.001

A

C

B

A

B

B

Figura 22 Baseline distribution dei valori di Betaidrossibutirrato (BHBA mg/dl) per i vitelli per le diverse classi di 

rischio Benessere  (AWH, AWM, AWL). A≠B; P<0.001

Figura 23 Baseline distribution dei valori di Betaidrossibutirrato (BHBA mg/dl) per le manze per le diverse classi di 

rischio Benessere  (AWH, AWM, AWL). A≠B; P<0.001

A A

B



Domenico Vecchio IZSM CReNBuf- Roma  06/12/23

a

b

b
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Vulnerability
of the system

Monitoring 
the critical

point

Preparing an 
intervention

plan

Mitigating
the risks

REACTIVITY 
AND

READINESS
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Cosa fare per
evitare l’uso 
di antibiotici 

negli animali?Present 
& Future
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Very often when faced with a company 
problem, before trying to  «remove» 
the cause, one is tempeted to «add» a 
solution to a system that is not in 
balace

The Most Complex job is to 
remove 
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Pillars of health status in humans

«When a patient asks you for a cure, ask him if he is 
willing to abandon the causes»

(Ippocrate 460-377 a.C.)
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3 Farms (L, M, H)

Blood samples collection

6 Farms (1L; 2M; 3H)

MUSIASEM evaluation

100 farm (Animal welfare, 
biosecurity and AMU evaluation)

250 Farms analysed



Figura 2 diagramma di flusso delle fasi del progetto di ricerca

Basso rischio 

Animal welfare X >80%

AWH

Medio Rischio

Animal Welfare 60%< X<80%

AWS

Alto Rischio

Animal Welfare X<60%

AWL
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https://keelingcurve.ucsd.edu/ full record – 1960-2022

Rio de Janeiro
Earth Summt

COP3 - Kyoto 

COP15 - Copenhagen

COP21 - Paris

First World
Climatic conference 

COP25 - Chile Madrid
Concentració de diòxid de carboni a l'Observatori de Mauna Loa
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Population Year 2022

Population Year 2100
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The future of food and agriculture: Trends and challenges FAO 2017
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Cheng et al 2022



GLEAM 3.0 Global Emissions Assessment (2015) FAO



GLEAM 3.0 Global Emissions Assessment (2015) FAO



GLEAM 3.0 Global Emissions Assessment (2015) FAO



GLEAM 3.0 Global Emissions Assessment (2015) FAO



GLEAM 3.0 Global Emissions Assessment (2015) FAO



GLEAM 3.0 Global Emissions Assessment (2015) FAO
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Fig. 2. Global livestock feed ration composition (source: GLEAM 2.0). Mottet el al 2017
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Tubiello et al 2021

Significance of livestock emissions globally
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MuSIASEM (Multi-Scale Integrated Accounting of Societal and Ecosystem Metabolism)
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Inserisci riferimento magic
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Increasing levels of organization
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External pressures
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External metabolic systems
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…nBuffalo animal husbandry

End Use Matrix

Environmental 
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Focal level
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Tecnosphere

Ecosphere

Water

Matter

Energy

W
at

e
r

M
at
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La
n

d
 u

se

Wastes

Co-product

Product

Analytical output

	

Potential environmental impact

LCA (Life Cycle Assessment)

Buffalo 
farm

Critical issue 1
Single scale analysis

Critical issue 2
It evaluates the environmental performance of a flow

(in accordance with the classical economic view) –
(allocation problems)

Critical issue 3
It’s a self-referential analysis, no external referent

It’s not a robust analytical tool able to evaluate sustainability. Instead
it is a powerful tool for evaluating some features of metabolism.
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Nicholas Georgescu-Roegen

Such a processes are fundamental for
maintaining the socio-economic fabric.

LCA is part of this perception, it’s no coincidence
that the method was developed by companies that
have the focal level in the product. Therefore their
perception, on a single scale, is typical of those
who aspire to the myth of efficiency

Instead, we look at the metabolic system which, to guarantee
the specific functions for which it is structured, works in a
specific way according to specific system. This also makes us
understand why the comparison approach, typical of LCA, does
not always work. The risk is comparing bananas with broccoli,
the fact that they are both vegetables with the samefirst letter
does not mean that they are the same thing.
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System identity

Internal identity
(profit by means of

a traditional product)

External identity
(milk to be transformed in a popular product

and
profit of transformers)

Formal identity Semantic identity

Buffalo farm
output milk

What the system does
How the system works

Defined by means of the
metabolic characterization

Why the system exists and works

Downward causationUpward causation

VIABILITY
Internal techno-economic performance

Established by the relationships between funds and flows 

FEASIBILITY
Internal performance

Established by the relationships with ecosphere 

EXTERNALIZATION
Internal performance

Established by the relationships with external funds and flows 

DESIRABILITY
Normative and institutional features

Established by end use of the product and
system’s environmental pressure 
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Figura 1: Flowchart generale di processo 
per l’allevamento bufalino. 
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AWH H2AWH H1
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Figura 37 Contributo di utilizzo di terre intra-aziendali ed extra-aziendali per garantire il flusso di alimenti (foraggi e concentrati) alla mandria.
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Figura 38 Comparazione aziendale in riferimento alle tre categorie di rischio, espresse come kgLb day y-1, dei Funds 

(a) con specifica attenzione sulla composizione della mandria (b-c); sulla human activity (HA) in relazione ai comparti 

funzionali (d); alla Power Capacity (PC), sempre in relazione ai comparti funzionali (e).

Figura 39 Comparazione aziendale, in riferimento alle tre categorie di rischio, dei diversi flussi in entrata.
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Figura 41 Analisi comparativa per kgLB d y-1 dei Biosphere-External-Output Flows dei sistemi metabolici nel loro 

complesso (level n), in relazione ai flussi: a) totali; b) localmente prodotti; c) esternalizzati. La scala è da 0 a 100%.
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Milk efficency for different level of welfare
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Figura 45Rappresentazione sintetica di una “grammar multi-level” che consente di generare una coerenza funzionale, in riferimento ai flows e funds del sistema metabolico sotto osservazione
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Consumers farther away from agricultural reality ...

ACTIVE POPULATION IN THE AGRICULTURAL SECTOR

• 1861 → 70%
• 1911 → 52%
• ‘50 → 42%
• ‘60 → 30%
• 1981 → 11%

Lorenzi V. ,201614
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http://esa.un.org/unup/p2k0data.asp

Urban

Rural

Urban settlements are taking over the planet

and replacing the rural world! 
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If the work force of a society is just producing 
its own food that society will never become rich . . .
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Percentage of labor force and GDP in agriculture 
versus GDP per capita  (US$ - 1991)
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All developed countries have less than 5% of their work force in agriculture

This was in 1997



 

0
2

0
4

0
6

0
8

0

%
 l
a

b
o

r 
&

 s
h

a
re

 o
f 

v
a

lu
e

 a
d

d
e

d
 i
n

 G
D

P
 b

y
 a

g
ri

0 10000 20000 30000 40000 50000
GDP per capita

Percent_GDP_in_Agri Percent_Lab_in_Agri

Percent of labor and GDP in agriculture v/s GDP per capita (US$ 2000)

Source: WDI (2005).

in order to become “developed” an

economy must get rid of its farmers!

This was in 2005
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Spain
%

HA

%

Electricity

%

Heat

%

Fuels

%

GVA

Total Society 100% 100% 100% 100% 100%

Rest of Society 99% 78% 90% 95% 87%

Primary Sectors 1% 22% 10% 5% 13%

The level of economic development of the society reduces
the fraction of the funds and flows invested in the primary 
sectors in the economy. The lower the percentage in the 
Primary Sectors the more developed is the economy
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The dynamic metabolic budget: “primary sectors” vs “rest of society”

Catabolic part

Primary
Sources

Products,
Energy &
Nutrient
Carriers

Supplying: 
Energy, Food, Minerals, Products, Infrastructures

Productive
Sectors

Hypercycle

PRODUCTIVE SECTORS

Anabolic part

* Household Sector

* Services & Government

Dissipative Compartment

REST OF SOCIETY

Supplying:
Humans, Institutions, Control
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In conclusion, there are two pressures driving 

the use of technical inputs in agriculture

#1  Demographic pressure 

strategy → boosting the productivity per hectare

the goal → reducing the demand of agricultural land

#2  Socio-economic pressure 

strategy → boosting the productivity per hour of labor

the goal → reducing people from the work force
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115

Current discussions over the sustainability of agriculture in EU miss the
presence of an elephant in the room
→ today agriculture is heavily (and dangerously) depending on externalization 

EXTERNALIZATION

Using fossil energy for trading in a global food commodity market
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The MAGIC tool-kit

Virtual 
supply systems

Externalized
socio-economic

and environmental
pressures

Actual 
supply systems

Local 
socio-economic

and environmental
pressures

Required supply
in the diet
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plants

first
carnivores

second
carnivores

herbivores

populations

niches

Low External Input Agriculture

La agricultura prima della
rivoluzione industriale

human control

harvested biomass
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human 

control soil erosion

pollution

harvested biomass

fertilizers

pesticides

High External Input Agriculture

In 2030 urban population 

will be 60% of total population

loss of 

biodiversity

plants
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Externalization
of production
in EU agriculture
by country

Vegetal Animal Feed
domestic import domestic import importdomestic

M. Giampietro et al 2022
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Local land use (in blue - red box) and externalized use of land (in green) in EU countries
LOCAL

M. Giampietro et al 2022
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Foong et al 2022 NATURE COMMUNICATIONS | (2022) 13:3024 | https://doi.org/10.1038/s41467-022-30607-x | www.nature.com/naturecommunications 
1234567890
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Vulnerability
of the system

Monitoring 
the critical

point

Preparing an 
intervention

plan

Mitigating
the risks

REACTIVITY 
AND

READINESS



Domenico Vecchio IZSM CReNBuf- Roma  06/12/23Godde et al 2021



Domenico Vecchio IZSM CReNBuf- Roma  06/12/23

Cheng et al 2022
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Summarize many potential mitigation options in Table 4 and discuss them below.
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Fig. 2. Effect of dietary shifts on the yearly greenhouse gas emissions (in CO2-eq) of a Western individual (example for the average Frenchmen; after https://ravijen.fr/?p=440), taking into account the dietary 
effects of veganism and vegetarianism (Hallström et al., 2015; Wynes & Nicholas, 2017) and flexitarianism (a 60% decrease in meat intake, from 200 to 80 g/p/d), as well as potential rebound effects (Grabs, 
2015). Transportation data (car and flights) are obtained from Wynes and Nicholas (2017). ICT = information and communications technology.

Leroy et al 2022
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Pathways to lower emission livestock 

Wisser et al 2023 Fao
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Pathways to lower emission livestock - Caveats 

Wisser et al 2023 Fao

❑ Uncertainties in data
• Feed
• Manure management systems
• Herd parameters
❑ Uncertainties interventions
• Size of the effects
• Adoption rates???
• Economic feasability!!!!
• Scale
❑ Overlapping Impacts
❑ Trade off with other goals
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Anthropocene Worlds

https://worldmapper.org/map-animation-covid19/#&gid=1&pid=1

https://worldmapper.org/map-animation-covid19/#&gid=1&pid=1
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Steffen et al 2015
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Johnson et al 2015
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An illustration of the ecology of vector-borne diseases like the 2018 ebolavirus and 2019 coronavirus (Covid-19) by the artist Olaf Hajek.

Spillover, la goccia che pesa più del vaso?

Olaf Hajek The New York Times "The Ecology of Disease" (2012)

https://www.facebook.com/107496792684651/photos/a.107512932683037/1775821909185456/?type=3
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Chaos theory -- also known as the science of nonlinearity, the science of complexity, the science of random 

recurrent behavior or the science of turbulence and discord -- has thus been called the third great scientific 

revolution of the 20th century, along with relativity and quantum physics.

The Butterfly effect 
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Progress in modeling dynamic systems for sustainable development

Noelle et al 2023

Thinking in Systems
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BrainStorming

Take home message 
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...TO  BE 
CONTINUED...

“ Caminante no hay camino, se hace camino al andar”

[Antonio Machado]

Ciao Fabio



Thanks for your 
attention
Domenico Vecchio

Email  Adress
domenico.Vecchio@izsmportici.it
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