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Las razones ecológicas para buscar antibióticos en 
ecosistemas naturales

THE SOIL AS A SOURCE OF MICROORGANISMS ANTAGONISTIC TO 

DISEASE-PRODUCING BACTERIA

SELMAN A. WAKSMAN AND H. BOYD WOODRUFF

J Bacteriol. 1940 40: 581–600

Bacteria pathogenic for man and animals find their way to the soil, either in the 

excreta of the hosts or in their remains. If one considers the period for which 

animals and plants have existed on this planet and the great numbers of 

disease-producing microbes that must have thus gained entrance into the soil, 

one can only wonder that the soil harbors so few bacteria capable of causing 

infectious diseases in man and in animals. One hardly thinks of the soil as a 

source of epidemics. What has become of all the bacteria causing typhoid, 

dysentery, cholera, diphtheria, pneumonia, bubonic plague, tuberculosis, 

leprosy, and numerous others? This question was first raised by medical 

bacteriologists in the eighties of the last century. The soil was searched for 

bacterial agents of infectious diseases, until the conclusion was reached that 

these do not survive long in the soil. It was suggested that the cause of the 

disappearance of these disease- producing organisms in the soil is to be looked 

for among the soil-inhabiting microbes, antagonistic to the pathogens and 

bringing about their rapid destruction in the soil.



Resistencia a los antibióticos: una respuesta 
para evitar ser desplazado del habitat

Proc. Nat. Acad. Sci. USA Vol. 70 pp. 2276-2280,1973 Aminoglycoside Antibiotic-Inactivating Enzymes in Actinomycetes 

Similar to Those Present in Clinical Isolates of Antibiotic-Resistant Bacteria 

RAOUL BENVENISTE AND JULIAN DAVIES 

The metabolic role of the aminoglycoside-modifying enzymes in actinomycetes is not known. Miller and Walker have 

postulated that phosphorylated streptomycin might be important as a metabolic precursor of streptomycin or to 

detoxify the antibiotic (7). The enzymes might also be required for transport of these antibiotics in or out of the cell. 

Alternatively, they may have nothing to do with antibiotic biosynthesis and may play a role in another biosynthetic process. 

Nothing is known about the origin of R factors. The Watanabe hypothesis (4) provides a simple molecular mechanism  for 

their origin, but we can only speculate on the environmental and evolutionary factors that play a role in their formation and

maintenance. Their presence does not seem to require the extensive use of a selective antibiotic environment 

since Gardner et al. (21) have found R factors in an "antibiotic virgin population" in the Solomon Islands. 



Mecanismos de acción y resistencia a los antibióticos

Resistencia es tan solo un problema clásico de equilibrio 

químico:

Cuando la concentración del antibiótico no es suficiente para 

inhibir de modo eficaz la actividad del blanco bacteriano.

Esta situación puede darse, bien reduciendo la concentración 

del antibiótico, bien modificando el blanco de modo que la 

afinidad del antibiótico quede disminuída.

Martínez, J. L., Baquero, F., Andersson, D. I. (2011) Current Opinion in Pharmacology. 5: 439-445.



Los ecosistemas naturales son el origen de la mayoría de los 
genes de resistencias adquiridos por las bacterias patógenas 

e intervienen en su diseminación



Los genes de resistencia están 
presentes en todos los ecosistemas

Resistance in producers



Martinez, J. L., F. Baquero & D. I. Andersson, (2007) Predicting antibiotic resistance. Nature Reviews in Microbiology 5: 958-

965.

Martinez, J. L., F. Baquero & D. I. Andersson, (2011) Beyond serial passages: new methods for predicting the emergence of 

resistance to novel antibiotics. Curr Opin Pharmacol 11: 439-445.

Martínez JL., Coque, T., Baquero, F. What is a Resistance Gene? (2015) Ranking Risks on Resistomes. Nature Reviews in 

Microbiology 13: 116-123.

Solo una pequeña parte de los genes que potencialmente pueden 

producir resistencia se encuentran en los patógenos humanos



Solo una pequeña parte de los genes que potencialmente pueden 

producir resistencia se encuentran en los patógenos humanos: 

estructura jerárquica de la resistencia a los antibióticos



Diseminación de los 
genes de resistencia a 

los antibióticos: 
Retorno a ecosistemas 

naturales
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Efecto auto-replicativo de la resistencia a los 
antibióticos

Martínez, J.L. (2009) Environmental Pollution 157:2893-902



Salud única y salud global: conceptos semejantes pero no 
exactamente iguales

Hernando-Amado, S. Coque, T. M., Baquero. F., Martínez, J. L. Defining and combating antibiotic resistance from One-Health and Global-Health 

perspectives. Nature Microbiology 2019 Sep;4(9):1432-1442
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Nature Reviews Microbiology volume 13, pages 310–317 (2015)

Definición de “entidades de resistencia” para romper los puentes que permiten 
la diseminación de la resistencia a los antibióticos



La polución es la mayor fuente de resistencia a los antibióticos en 
ecosistemas naturales

Sin embargo, bacterias de origen ambiental (en varios casos acuático), son el origen de genes de 

resistencia adquiridos por bacterias patógenas



Tratamiento de aguas y su efecto en la diseminación de resistencia a los 
antibióticos



Plantas de tratamiento de aguas como lugar para analizar de modo global la 
resistencia a los antibióticos de una ciudad



Agua entrante en plantas de tratamiento como marcador epidemiológico para la 
analizar la resistencia de una población.



Agua entrante en plantas de tratamiento como marcador epidemiológico para la 
analizar la resistencia de una población: ¿que antibióticos debemos usar?



Uso de antibióticos y la prevalencia de los genes de resistencia



El uso de antibióticos no justifica por si solo la prevalencia de los genes de 
resistencia



El uso de antibióticos no justifica por si solo la prevalencia de los genes de 
resistencia



Condiciones socieconómicas que favorecen la resistencia

El uso de los antibióticos favorece la selección de resistencia. 

La falta de tratamiento de aguas favorece la diseminación 



El efecto mariposa y la resistencia a los antibióticos

Hernando-Amado, S. Coque, T. M., Baquero. F., Martínez, J. L. Defining and combating antibiotic resistance from One-Health and Global-Health 

perspectives. Nature Microbiology 2019 Sep;4(9):1432-1442
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Clinical Infectious Diseases, Volume 33, Issue 3, 1 August 2001, Pages 364–369, https://doi.org/10.1086/321877

The content of this slide may be subject to copyright: please see the slide notes for details.

International transmission of antibiotic-resistant bacteria.
Transmisión internacional de la resistencia



International transmission of antibiotic-resistant bacteria.

La ruta de transmisión de países de alta incidencia a países de baja incidencia: 
¿Que hacer?
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La ruta de transmisión de países de alta incidencia a países de baja incidencia: 
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Diferentes niveles para contrarrestar la resistencia a los 
antibióticos

Salud individual: Acciones terapéuticas directas

Salud Unica: Acciones directas y regulatorias que requieren su aprobación por autoridades 

locales/nacionales.

Salud Global: Esencialmente recomendaciones por instituciones transnacionales como ONU u OMS. 

Regulaciones globales, que tienen implicaciones éticas, políticas y económicas más complejas. 



Being conscious of AR is of huge heuristic value for illustrating principles and generating hypotheses

that guide human activity. The global spread of resistant organisms caused by our actions (antibiotic and

general pollution) and inactions (lack of proper sanitation) shows how a defined and measurable biological

risk, influencing both our health and the health of the planet, can alter our biosphere. As such, AR should be

treated as a Global-Health problem that requires - as do many other problems - a sense of “selfish equality”

on the part of developed nations. Anything that improves global equality - increasing the wealth and dignity

of “the others”, where AR is emerging due to shortage of resources, will benefit everyone with respect to AR.

Globalización: en busca de un equilibrio

Servicios de salud universales

El foco del debate es en los aspectos políticos, económicos y éticos. 

Debemos pensar en términos técnicos

Cáncer es una enfermedad individual. Si alguien sufre un cáncer, no 

afecta al resto de la población. 

Infección es una enfermedad social: lo que ocurra en un paciente puede 

afectarnos a todos y cada uno de nosotros. 

Hernando-Amado, S. Coque, T. M., Baquero. F., Martínez, J. L. Nature Microbiology 2019 Sep;4(9):1432-1442
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Examples of actions for reducing AR burden

Individual Health One Health Global Health
Reduction of antimicrobial

selective pressure

 Evidence-based prescription of ABs.

 Personalized prescription based on

rapid identification of ARBs and

ARGs.

 Awareness of local resistance burden

to orientate prescription.

 Reduction of the time of AB selective

exposure. Moving from general to

personalized PK/PD.

 Use of species-specific antibiotics

versus wide-spectrum.

 Use of delivery systems to target an

antibiotic to the point of infection.

 Use of AB adsorbents or compounds

able to degrade ABs for decreasing

ABs concentration at the gut.

 Vaccines against bacterial pathogens,

including preventive and therapeutic

vaccines.

 Surveillance of AB

consumption in hospitals, the

community, and agriculture.

 Control and supervision of the

sale of ABs for human health

and animal production.

 Local guidelines for

prescription considering AR

burden.

 Local control and regulation of

AB release in the environment.

 Removal of antibiotics and

ARBs from environment.

 Improve decontamination of

metals and biocides.

 Continued local surveillance of

known and emergent AR traits

in humans and animals.

 Surveillance of AB pollution in

water and food.

 Development of fastly

degradable antibiotics.

 Novel systems in animal

production focusing in the

reduction of antibiotic use.

 Use of non-antibiotic

compounds for prophylaxis and

metaphylaxis

 Vaccines against animal

pathogens.

 Worldwide surveillance of AB

production and consumption.

 Worldwide guidelines for ABs

utilization based on evidence-

based studies.

 Global regulation of pharma-

chemical industry concerning

release of ABs in the

environment.

 Global regulation of hazardous

industrial wastes, particularly

in dumping grounds countries.

 Global regulation of AB

contamination in food, animals,

and in general in goods.

Hernando-Amado, S., Coque, T.M., Baquero, F., Martínez, J. L. Nature Microbiology. In the press



Examples of actions for reducing AR burden

Individual Health One Health Global Health
Reduction of transmission

of ARBs and ARGs

 Surveillance of commensals that can

be carriers of ARGs

 Antibacterial vaccination to prevent

colonization and transmission of AR

clones.

 Isolation of patients with high risk

ARBs or ARGs

 Intestinal decontamination of resistant

bacteria.

 Development of anti-

conjugation drugs.

 Prevention of cross-

colonization and infection

among different ecosystems..

 Increase local hygiene and

sanitation within the local agro-

food chain management

systems.

 Increase local hygiene,

sanitation in LMICs, including

safe collection, treatment and

disposal of waste, and safe food

storage.

 Implementation of surveillance

networks to analyze the risks in

hubs of the food chain

 Implement risk assessment of

food management systems at

local level.

 Control of AR in local animal

and food trade.

 Prevention of environmental

mixing of wastes from

hospitals, farms, and AB-

contaminating industries,

including pharma.

 One-Health surveillance

systems, integrated analysis of

surveillance data.

 Surveillance of global

ecological disturbances

attributable to the exposure of

AB (e.g., as in primary

producers).

 Global surveillance of AR

pollution in the Earth (air

currents, oceans, migratory

animals).

 Monitoring of climate changes

to predict infectious diseases

and spread of ARBs.

 Early identification and

medical control of travelers

from countries with high AR

incidence.

 International surveillance of

the emergence and spread of

high-risk ARGs and ARBs.

 Surveillance and control of

transnational movement of

humans, goods, animals and

food polluted with ARBs.

 Global centralized electronic

reporting of national One-

Health surveillance systems,

global analysis of surveillance

data.

 Educational policy, integrating

human, animal, and ecosystems

health.
Hernando-Amado, S., Coque, T.M., Baquero, F., Martínez, J. L. Nature Microbiology. In the press



Examples of actions for reducing AR burden

Individual Health One Health Global Health
Restoration of populations

of antibiotic susceptible

bacteria

 Preservation of autologous microbiota

before clinical interventions for

potential microbiome transplantation.

 “Selection for susceptibility”:

antibody-drug conjugates, enhancers

of fitness costs, pairs of ABs with

reciprocal collateral susceptible

profile, drugs activated by

mechanisms of resistance.

 Genetic engineering to disrupt AR;

CRISPR-based editing and

metagenomic engineering.

 Heterologous microbiota/probiotic

transplantation for displacing ARBs

 Vaccines against ARBs.

 Drugs targeting the metabolism of

resistant organisms.

 Microbiota-transplantation

procedures for ecological

displacement of ARBs.

 Genetic engineering to disrupt

AR; CRISPR-based editing and

metagenomic engineering.

 Phage cocktails against ARBs

 Vaccines against animal AR

pathogens

 Regulation of biobanks of

susceptible human, animal, and

environmental microbiotas.

 Regulation of genetic

engineering to disrupt AR;

CRISPR-based editing and

metagenomic engineering.

Hernando-Amado, S., Coque, T.M., Baquero, F., Martínez, J. L. Nature Microbiology. In the press


