


This presentation is intended for educational use only, and does not in any way constitute medical 
consultation or advice related to any specific patient.

May 22, 2018
Chloe Bryson-Cahn MD
Robert Cybulski PhD
Marisa D’Angeli MD
Zahra Escobar PharmD
Rupali Jain PharmD
John Lynch MD, MPH
Natalia Martinez-Paz
Paul Pottinger MD
Erica Stohs MD, MPH
Ted Wright MD

Agenda
• John Lynch: Abx and Animals
• Case Discussions



This presentation is intended for educational use only, and does not in any way constitute medical 
consultation or advice related to any specific patient.

Antibiotics and Animals
John Lynch, MD, MPH 
UW Medicine | Harborview Medical Center
jblynch@uw.edu

May 22, 2018



200th anniversary article

n engl j med 366;5 nejm.org february 2, 2012 455

sures include environmental factors and antimi-
crobial drugs, as well as the human immune 
response. At the same time, such adaptations 
provide us with opportunities to respond with 
new vaccine antigens, such as annually updated 
influenza vaccines,17 or new or different anti-
infective agents. This back-and-forth struggle 
between human ingenuity and microbial adapta-
tion reflects a perpetual challenge.12,18,19

Infectious diseases are closely dependent on the 
nature and complexity of human behavior, since 
they directly reflect who we are, what we do, and 
how we live and interact with other people, ani-
mals, and the environment.19-30 Infectious dis-
eases are acquired specifically and directly as a 
result of our behaviors and lifestyles, from social 
gatherings, to travel and transportation, to sex-
ual activity, to occupational exposures, to sports 
and recreational activities, to what we eat and 
drink, to our pets, to the environment — even to 
the way we care for the ill in hospitals and other 
health care environments. Moreover, microbial 
colonizing infections that lead to long-term car-
riage without disease (e.g., within the endogenous 
human microbiome) may influence the develop-
ment of infections with exogenous microbes31,32 
and also have an effect on general immunologic 
and physiologic homeostasis,33,34 including effects 
on nutritional status. Human microbiomes seem 
to reflect, and may even have helped to drive, hu-
man evolution.35

In this struggle, infectious diseases are inti-
mately and uniquely related to us through our 
immune systems. The human immune system, 
including the primitive innate system and the spe-
cific adaptive system,36 has evolved over millions 
of years from both invertebrate and vertebrate or-
ganisms, developing sophisticated defense mech-
anisms to protect the host from microbes.37 In 
effect, the human immune system evolved as a 
response to the challenge of invading pathogens. 
Thus, it is not by accident that the fields of micro-
biology and immunology arose and developed in 
close association long before they came to be con-
sidered distinct disciplines.

Dise a se Emergence  
a nd R eemergence

Because infectious pathogens are evolutionarily 
dynamic, the list of diseases they cause is ever-
changing and continually growing. Since newly 

emerging infectious agents do not arise sponta-
neously, they must recently have come from some-
where else, usually from animal infections, as 
occurred with HIV infection, influenza, and the 
severe acute respiratory syndrome. This interspe-
cies transmission underscores the importance of 
interdigitating the study of human and animal 
diseases19,23,38-40 and recognizing the central 
role that microbial reservoirs, including those in 
animals, vectors, and the environment, play in 
human infectious diseases.19,38 Preexisting or es-
tablished infectious diseases also may reemerge 
in different forms, as in extensively drug-resis-
tant tuberculosis,41 or in different locations, as in 
West Nile virus infection in the United States,42 to 
cause new epidemics (Table 2). Indeed, many hu-
man infectious diseases seem to have patterns of 
evolution, sometimes played out over thousands 
of years, in which they first emerge and cause 
epidemics or pandemics, become unstably adapted 
to human populations, undergo periodic resur-
gences, and eventually become endemic with the 
potential for future outbreaks (Fig. 1).12,19,43,44

His t or ic a l Per spec ti v es  
a nd Cur r en t S tat us

Just over a decade before the publication of the 
first issue of the Journal, President George Wash-
ington died of an acute infectious disease be-
lieved to have been bacterial epiglottitis.45 Wash-

Table 1. Characteristics of Infectious Diseases That Set 
Them Apart from Other Human Diseases.

Potential for unpredictable and explosive global impact

Frequent acquisition by host of durable immunity against 
reinfection after recovery

Reliance of disease on a single agent without requirement 
for multiple cofactors

Transmissibility

Potential for becoming preventable

Potential for eradication

Evolutionary advantage over human host because of rep-
licative and mutational capacities of pathogens that 
render them highly adaptable

Close dependence on the nature and complexity of hu-
man behavior

Frequent derivation from or coevolution in other animal 
species

Possibility of treatment for having multiplying effects on 
preventing infection in contacts and the community 
and on microbial and animal ecosystems
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emerge. We must be prompt in identifying them 
and devising new countermeasures. In this effort, 
we still follow the familiar pathway that was set 
down in the late 1800s for the identification and 
characterization, both clinical and epidemiologic, 
of the causative agent; the characterization of the 
human immune response to the pathogen; and the 
development of pathogen-specific diagnostic tests, 
treatment strategies, and public health prevention 
strategies such as vaccinations.49

Di agnosis  a nd 
Ch a r ac ter iz ation of Patho gens

In the late 1800s, the realization that identifiable 
microbes caused specific diseases led to pathogen-
specific medical diagnosis. Although the time-
honored techniques of growing bacteria in broth or 
solid cultures and staining and examining them 
under microscopes are still important today, newer 
technologies have transformed the field of micro-
bial diagnosis. Among the first emerging epidemic 
diseases to be identified by one such method was 
the hantavirus pulmonary syndrome, a centuries-
old disease caused by an unknown phlebovirus 
(Sin Nombre) that was discovered unexpectedly in 
199350 by the application of a then-novel molecular 
genetic technique, polymerase chain reaction 
(PCR). This followed quickly on the 1992 discov-
ery of the previously unknown agent causing an 
infectious chronic condition, Whipple’s disease.51 
Less than a year later, PCR-related subtraction tech-
niques solved a century-old mystery of the cause of 
Kaposi’s sarcoma, human herpesvirus 8.52 Now, 
less than two decades later, sophisticated, high-
throughput, rapid sequencing of the genomes of 
pathogens not only dramatically hastens initial 
identification but also detects individual genetic 
variants,53 facilitating identification of the genetic 
basis of drug resistance. Additional gene-based 
diagnostic tools include microchips and other tech-
nologies that detect short sequences of many differ-
ent genes or their proteins, allowing simultaneous 
diagnosis or diagnostic elimination of multiple 
pathogens. New serologic techniques such as 
enzyme-linked immunosorbent assay can be many 
times more sensitive than traditional techniques 
in detecting and measuring antibodies to patho-
gens. Furthermore, monoclonal antibody tech-
niques, which involve the use of cellular clones to 
produce antibodies against specific pathogen 
epitopes, have been adapted for the purposes of 

diagnosis, identification of the molecular struc-
tures of pathogens, elucidation of the natural 
history and pathogenesis of infectious diseases, 
development of conformationally accurate im-
munogens to be used as vaccine candidates,54 and 
even treatment.55 Many of these data-rich ap-
proaches require sophisticated bioinformatics 
systems (e.g., phylogenetic comparisons and ge-
nome construction analyses).

Vaccine De v el opmen t

Vaccines against infectious diseases such as an-
thrax and rabies have been produced since the late 
1870s. Only in the past half century, however, 
have technological advances in vaccination led to 
dramatic changes in the field of disease prevention. 
The World Health Organization now estimates 
that each year more than 120 different types of 
vaccines save 2.5 million lives and with optimal 
uptake could save an additional 2 million.56 Tri-
valent combined inactivated and live attenuated 
poliomyelitis vaccines were licensed in 1955 and 
1962, respectively; a live attenuated trivalent vac-
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Figure 1. Leading Causes of Global Deaths from Infectious Diseases.

Of an estimated 58.8 million annual deaths worldwide, approximately  
15.0 million (25.5%) are believed to be caused by infectious diseases. 
Cause-specific mortality estimates are provided by the World Health  
Organization.43,44 The data do not include deaths from secondary infec-
tious causes, such as rheumatic fever and rheumatic heart disease, liver 
cancer and cirrhosis, or other chronic diseases.
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REDUCING THE USE OF ANTIBIOTICS IN ANIMAL HUSBANDRY
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3. The present position regarding these recommendations

The following sections examine key factors in the 
role of antimicrobial use in food animals which 
contribute to the growing threat of AMR, and 
national and international actions taken to tackle the 
problem, illustrated by experiences from different 
parts of the world.  

3.1 Increasing recognition of the problem of 
AMR through food of animal origin 

Extensive and effective monitoring of AMR in 
animals is carried out in only a very limited number 
of countries, and frequently these monitoring systems 
are not comparable due to differences in methodology. 
However, AMR among bacteria of animal origin is 
certainly prevalent throughout the world, at varying 
rates in individual countries and regions. With increasing 

global trade in food products of animal origin, the 
numbers of reports documenting resistant bacteria 
spreading from one country to another through food, 
and thereby causing infections, are also increasing. 
The international spread of resistant pathogens calls 
for urgent global initiatives to minimize the risk of 
AMR bacteria developing and spreading from food 
animals to people, and further within communities 
and hospitals. Working groups hosted by WHO, FAO 
and OIE have reviewed these issues extensively and 
proposed options for action to be taken by national 
and international authorities.109,112-114 

Figure 4.2 is a schematic overview depicting the 
overlap between different reservoirs for some AMR 
pathogens. While some are strictly confi ned to the 
human reservoir, others have a mainly or partially 
animal reservoir.66 

Figure 4.2 Reservoirs of AMR bacteria causing human infections 
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Schematic overview of some of the most important antimicrobial resistant pathogens and the overlap between the different 
reservoirs. As indicated some pathogens are strictly confi ned within the human reservoir, whereas others have a mainly or 
partly animal reservoir.
Source: Reproduced from66 with permission
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Source: The Evolving Threat of Antimicrobial Resistance, WHO (2012) 
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Trends in hog operations in the United 
States.

Gray G C , Baker W S Clin Infect Dis. 2011;52:19-22





Chicken Population (1000) 

0

 5 000 000

 10 000 000

 15 000 000

 20 000 000

 25 000 000

1961 1966 1971 1976 1981 1986 1991 1996 2001 2006 2011

Chickens



Intensification of Agriculture



Manure





Back to the Apocalypse Pig….

Liu, Lancet ID, Nov 2015

- First description of a 
plasmid-mediated 
polymixin resistance 
mechanism (MCR-1)

- Found on animal meat 
and in human infection 
samples

- In December, also 
reported in Denmark





UK VARRS 2016



Consumers Union Chain Reaction III


