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Introductions (10 min)
	Introduce yourself.

Section 1.  Learning Objectives

By the end of this chapter, you will be able to:
· Discuss the importance of antibiotic resistance as a global challenge
· Discuss the various ways that antibiotic resistance genes are shared among bacteria, both of the same and different species.
· Understand current uses of antibiotics and the trends we are observing in their use.
· Discuss impacts of environmental antibiotic resistance on humans.
· Discuss trends observed for antibiotic resistance genes in the environment in CA.

Section 2. Slides

Slide 1.

[image: ] Chapter Overview

After an introduction to the challenge of rising levels of antibiotic resistance, we will discuss the ways in which antibiotic resistance genes can be shared among bacteria.  We then briefly touch upon current uses and trends in use for antibiotics.  We then discuss the topic of antibiotic resistance in the environment and we will look at some data for California on antibiotic resistance genes.


Slide 2.

[image: ]Ask for show of hands for people who have had antibiotics. Pretty much everyone will raise hands and you can emphasize our reliance on antibiotics.

The development of antibiotics over the 20th century lead to incredible improvements in medical care.   We take for granted that infections such as those resulting from small surgeries, etc. will be treatable.

However, increasing microbial resistance to our antibiotics is now a worldwide threat to public health. Certain once-lifesaving drugs are now thought to be “worthless” (Woolhouse & Farrar, 2014), and development of new antibiotics has slowed dramatically in recent decades. 

Ask for another show of hands for people who either have had to take a second round of antibiotics when the first one didn’t work, or know of someone who had to do that.  You can make the point that this problem is increasing.

Slide 3.
[image: ]
According to some estimates, antibiotic resistance already accounts for at least 700,000 lives lost per year globally (J. O’Neill, 2014; J. I. O’Neill, 2016), and if levels of antimicrobial resistance keep rising, there could be up to 10 million deaths per year by 2050. 

These CDC numbers are for the US only, per year.
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[image: ]
President Obama recognized the importance of the issue, as shown by these quotes. 







Slide 5.
[image: ]
This shows that soon after various classes of drugs were discovered, resistance to each class was discovered.  


Development of resistance is a natural process.  

It happens naturally through a couple of different way-- vertical gene transfer (through generations) and horizontal gene transfer (can happen between bacteria in proximity to each other).  We’ll talk about both.

Slide 6.

[image: ]
You can imagine that all of the circles are bacteria of the same type.  One of the organisms, the purple one, has acquired a “skill” which allows it to resist the effects of a drug.  It now has DNA which encodes for some type of ability to survive in the presence of the drug. For example, maybe it makes a pump that pumps the drug out of the cell. Or, maybe it breaks down the drug.  

What do you think will happen when we apply antibiotics?



Slide 7.

[image: ]When antibiotics are applied, the more susceptible cells are killed, leaving only the stronger cell.










Slide 8.

[image: ]That purple cell now multiplies, and the “skill”, or gene, is passed to the daughter cells.

This is called vertical gene transfer, because the transfer occurs through the generations.




Slide 9.

[image: ]In addition to the vertical gene transfer shown between generations on the last slide, genes can actually be passed between different types of bacteria living near each other through horizontal gene transfer.

There are several mechanisms for horizontal gene transfer.

· Conjugation
· Cell to cell.  Cells actually come into contact and pass the DNA directly from one cell to another.
· Transduction
· Virus mediated.  A virus inside one cell packages up the DNA, and then infects another cell.
· Transformation
· Free DNA.  Often we think that when we have killed a cell, it can no longer be a concern. However, we now know that even pieces of DNA can still be problematic.  They can actually be taken up by live cells and they can confer the “skill” of resisting the drug. In fact, antibiotic resistance genes are now considered “emerging contaminants.”
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[image: ]
Because resistance spreads naturally after exposure to antibiotics, we need to understand what we are currently using antibiotics for.

Ask the class what they think we use most antibiotics for.



Slide 11.

[image: ]Many of us think of medical use as being the primary use of antibiotics.  However, 80% of antibiotics are used for animals.  

The 20% used for human medicine is applied pretty carefully. Doctors are typically pretty careful not to apply antibiotics unless they are needed. And, they instruct us to take the full dose so we don’t leave cells that have developed a resistance to lower doses.
Further, doctors reserve “last resort antibiotics” for cases when they are truly needed. This way, they minimize the exposure bacteria have to that antibiotic.

In contrast, the 80% is much less regulated. In fact, let’s look at the primary use of the antibiotics.
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[image: ]While for humans, the primary use is for treatment of disease, the primary use for animals is growth promotion.

This means that each farm animal’s system becomes a selective environment for the bacteria that are more antibiotic resistant.  
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[image: ]
Waste from humans and animals is a source of contamination to the environment.  The contaminants include pathogens – or disease-causing organisms—we well as genes that codes for resistance.



Slide 14.

[image: ] Because there are so many animals in the food system, the amount of feces is very large.

Fecal matter from animals in a pasture can be incorporated back into the soil.  However, the amount of waste from animals living in confined animals feeding operations is so great that it creates a pollution problem.
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[image: ]Here are some important statistics about the trends in antibiotics use:





· Medical antibiotic use (MAU) increased 36% from 2000-2010
· Carbapenems, a last-resort class, increased 45%
· Most increase occurred in countries with little regulation.  In some countries, antibiotics are available over the counter.
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[image: ]






Animal antibiotic use

· Agricultural antibiotic use (AAU) has also dramatically increased 
· Selective pressure occurs in livestock
· > 90% of manure disposed by land application


Slide 17.

[image: ]
Antibiotic resistant bacteria and antibiotic resistance genes may travel off animal farms and fields where manure has been applied into the surrounding environment, where they can subsequently impact human health.  

This figure shows how the fecal waste from both humans and animals ends up in the environment. Once in the natural environment, the antibiotic resistance genes can pass among different bacteria. Also, bacteria possessing those genes can proliferate if they have a selective advantage.  Levels of antibiotics in the environment can provide selective pressure. In addition, other contaminants like heavy metals can also be selective for antibiotic resistance genes by a process called co-selection.
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[image: ]
This graph shows the percentage of clinical isolates (from human medical clinics) that were resistant to fluoroquinolones.

As fluoroquinolones were licensed for use in poultry and livestock, the levels of antibiotic resistance seen in 
the pathogen Campylobacter jejuni increased.

Slide 19.
[image: ]
After voluntary withdrawal of an antibiotic, the percent resistance decreased dramatically.  If the gene providing resistance is not needed for survival, the “cost” of carrying it (called a fitness cost) may make it favorable for the bacteria to lose the gene.
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[image: ]These graphs show data for antibiotic resistant bacteria in air in California. Airborne bacteria were collected near two types of cattle farms: feedlots and organic cattle pastures.  There were three farms of each type, and at each location, 200 different bacterial colonies (a colony is what grows on a Petri dish from one airborne organism) were cultures and tested for resistance to a whole suite of antibiotics.  There were 1200 bacterial isolates in all.

Higher antibiotic resistance was observed in bacteria near feedlots.

Slide 21.

[image: ]Four different cities in CA were studied for antibiotic resistance genes in air, water, and soil.  The four cities were Bakersfield, Fresno, LA, and San Diego. At each park, 6 parks were chosen, and at each park, three samples were taken.
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[image: ]This study showed dramatic city-to-city differences for blaSHV levels in soils, with Bakersfield having the highest levels (Figure 1) (Echeverria-Palencia et al., 2017).  Surprisingly, Fresno soil levels for the same gene were quite low, even though both are home to much agricultural activity.  

It is very important to note the log scale for this graph. Each tick mark on the y axis represents a change of two orders of magnitude or a factor of 100.  You can see the values for blaSHV vary over four orders of magnitude, or a factor of 10,000.


For drinking water available at parks, San Diego and Los Angeles had more consistently detected and higher levels of blaSHV and sul1, respectively.  In general, drinking water variability was quite high, which is both expected and difficult to elucidate given the complex and dynamic sourcing of drinking water.  
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[image: ] Proximity to manured fields and livestock has been associated with increased infection with MRSA, soft tissue infections, and skin infections.
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Former President Obama on antibiotic resistance.



“The rise of antibiotic-resistant bacteria 
…represents a serious threat to public health and 
the economy.”



“Combating antibiotic-
resistant bacteria is a 
national security 
priority.”
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https://desdaughter.com/2016/02/14/antibiotic-discovery-and-resistance-timeline/



This shows that soon after various classes of drugs were discovered, resistance to each class was discovered.  
Development of resistance happens naturally through both vertical and horizontal gene transfer.










https://desdaughter.com/2016/02/14/antibiotic-discovery-and-resistance-timeline/

This shows that soon after various classes of drugs were discovered, resistance to each class was discovered.  

Development of resistance happens naturally through both vertical and horizontal gene transfer.
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IFAP = industrial Food Animal Production
How does vertical gene 



transfer work?
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• Conjugation
o Cell to cell



• Transduction
o Virus mediated



• Transformation
o Free DNA



In addition to the vertical gene transfer shown 
between generations on the last slide, genes can 
actually be passed between different types of 
bacteria living near each other  through horizontal 
gene transfer



Types of horizontal gene transfer
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Because resistance spreads naturally after 
exposure to antibiotics, we need to understand 



what we are currently using antibiotics for.



What is the largest use 
of antibiotics 
currently?
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Increase in medical antibiotic use
o Medical antibiotic use 



(MAU) increased 36% from 
2000-2010



o Carbapenems, a last-resort 
class, increased 45%



o Most increase occurred in 
countries with little 
regulation



Source: Boeckel et al., 2014 
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Increase in use of antibiotics in animals



o Agricultural antibiotic use 
(AAU) has also 
dramatically increased 



o Selective pressure occurs 
in livestock



o > 90% of manure disposed 
by land application



Source: Silbergeld et al., 2008
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Antibiotic Resistance in the Environment



Qiao et al., 2018










Antibiotic Resistance in the Environment

Qiaoet al., 2018
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As fluoroquinolones
were licensed for use in 
poultry and livestock, 
the percentage of 
clinical isolates (from 
humans) of the 
pathogen 
Campylobacter jejuni
that were resistant to 
these drugs increased.



(Silbergeld, 2011)
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After voluntary withdrawal 
of an antibiotic, the percent 
resistance decreased 
dramatically.  If the gene 
providing resistance is not 
needed for survival, the 
“cost” of carrying it (called a 
fitness cost) may make it 
favorable for the bacteria to 
lose the gene.



(Dutil et al. 2010)



Ceftiofur Resistance in Salmonella Heidelberg



collected. Exposure to ceftiofur-resistant E. coli strains 
appeared to have increased in recent years in Canada (Fig-
ure 1). In 2008, exposure to ceftiofur-resistant E. coli strains 
was highest in British Columbia and lowest in Québec.



Temporal Changes in Ceftiofur Resistance 
in the Province of Québec, 2003–2008



In 2003–2004, >60% of the chicken Salmonella 
Heidelberg isolates were ceftiofur resistant, and ceftiofur 
resistance among chicken E. coli and human Salmonella 
Heidelberg isolates varied from 30% to 40% (Figure 2). 
Ceftiofur resistance declined sharply immediately after the 
fi rst quarter of 2005 among chicken E. coli and Salmonel-
la Heidelberg isolates, and a similar decline began in the 
next quarter among human Salmonella Heidelberg isolates 
(Figure 2). This decline steadily continued until the end 
of 2006. As a result, the prevalence of ceftiofur resistance 
signifi cantly decreased from 2004 to 2006 among chicken 
(62% to 7%; p<0.001) and human (36% to 8%; p<0.0001) 
Salmonella Heidelberg isolates and chicken E. coli iso-
lates (34% to 6%; p<0.0001 [Table]). Then, from 2006 to 
2008, the prevalence of ceftiofur resistance signifi cantly 
increased among chicken E. coli isolates (6% to 18%; p 
= 0.002), and prevalence of ceftiofur resistance increased, 
but not signifi cantly, among Salmonella Heidelberg from 
chicken (7% to 18%; p = 0.32) and human (8% to 12%; p = 
0.41) isolates (Table).



Discussion
CIPARS data clearly indicate a temporal association 



between changing levels of contamination of retail chicken 
with ceftiofur-resistant Salmonella Heidelberg strains and 
incidence of ceftiofur-resistant Salmonella Heidelberg in-
fection in humans. This correlation is strong and applies to 
different regions of Canada. Our observation is consistent 



with published results from outbreak investigations and 
case-control studies suggesting that chicken products are a 
source of human infection with Salmonella Heidelberg in 
Canada (7,8).



Although humans potentially can become infected with 
ceftiofur-resistant Salmonella Heidelberg from sources oth-
er than chicken, chicken appears the most likely source in 
Canada. Ceftiofur-resistant Salmonella Heidelberg has never 
been reported among CIPARS porcine Salmonella of abat-
toir origin, and it has not been detected among retail pork, 
abattoir beef, or retail beef, in which Salmonella prevalence 
remains <2% (12). Data generated by National Antimicro-
bial Resistance Monitoring System retail surveillance in the 
United States indicated that 17% of Salmonella Heidelberg 
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Figure 2. Prevalence of ceftiofur resistance (moving average of the 
current quarter and the previous 2 quarters) among retail chicken 
Escherichia coli, and retail chicken and human clinical Salmonella 
enterica serovar Heidelberg isolates during 2003–2008 in Québec, 
Canada.



Table. Prevalence of ceftiofur resistance among human and retail chicken Salmonella serovar Heidelberg isolates and retail chicken 
Escherichia coli isolates from Canadian provinces surveyed during 2003–2008 



Prevalence of ceftiofur resistance, % (no. resistant isolates/total no. isolates tested)
Isolate/province 2003 2004 2005 2006 2007 2008
Human clinical Salmonella Heidelberg
 Québec 31 (52/167) 36 (42/116) 35 (37/106) 8 (8/96) 6 (4/63) 12 (8/65)
 Ontario 18 (31/172) 38 (70/185) 30 (42/140) 10 (12/122) 22 (21/94) 32 (7/22)
 Saskatchewan 0 (0/15) 7 (1/14) 0 (0/11) 0 (0/7)
 British Columbia 23 (3/13) 19 (3/16)
Chicken retail Salmonella Heidelberg
 Québec 65 (13/20) 62 (18/29) 33 (4/12) 7 (1/14) 19 (6/32) 18 (7/38)
 Ontario 16 (3/19) 58 (19/33) 27 (3/11) 21 (3/14) 21 (9/42) 14 (3/21)
 Saskatchewan 0 (0/5) 13 (1/8) 0 (0/9) 8 (1/12)
 British Columbia 50 (2/4) 67 (2/3)
Chicken retail E. coli
 Québec 32 (36/111) 34 (54/158) 25 (35/142) 6 (8/135) 13 (17/128) 18 (24/131)
 Ontario 18 (24/136) 21 (32/150) 17 (25/145) 22 (34/152) 22 (35/157) 24 (36/150)
 Saskatchewan 4 (3/82) 6 (5/85) 13 (10/75) 20 (18/92)
 British Columbia 29 (12/42) 49 (34/70)










After voluntary withdrawal 

of an antibiotic, the percent 

resistance decreased 

dramatically.  If the gene 

providing resistance is not 

needed for survival, the 

“cost” of carrying it (called a 

fitness cost) may make it 

favorable for the bacteria to 

lose the gene.

(Dutilet al. 2010)

Ceftiofur Resistance in Salmonella Heidelberg c o l l e c t e d .   E x p o s u r e   t o   c e f t i o f u r - r e s i s t a n t   E.  coli   s t r a i n s   a p p e a r e d   t o   h a v e   i n c r e a s e d   i n   r e c e n t   y e a r s   i n   C a n a d a   ( F i g - u r e   1 ) .   I n   2 0 0 8 ,   e x p o s u r e   t o   c e f t i o f u r - r e s i s t a n t   E.  coli   s t r a i n s   w a s   h i g h e s t   i n   B r i t i s h   C o l u m b i a   a n d   l o w e s t   i n   Q u é b e c . T e m p o r a l   C h a n g e s   i n   C e f t i o f u r   R e s i s t a n c e   i n   t h e   P r o v i n c e   o f   Q u é b e c ,   2 0 0 3 – 2 0 0 8 I n   2 0 0 3 – 2 0 0 4 ,   > 6 0 %   o f   t h e   c h i c k e n   Salmonella   H e i d e l b e r g   i s o l a t e s   w e r e   c e f t i o f u r   r e s i s t a n t ,   a n d   c e f t i o f u r   r e s i s t a n c e   a m o n g   c h i c k e n   E.  coli   a n d   h u m a n   Salmonella   H e i d e l b e r g   i s o l a t e s   v a r i e d   f r o m   3 0 %   t o   4 0 %   ( F i g u r e   2 ) .   C e f t i o f u r   r e s i s t a n c e   d e c l i n e d   s h a r p l y   i m m e d i a t e l y   a f t e r   t h e   f i   r s t   q u a r t e r   o f   2 0 0 5   a m o n g   c h i c k e n   E.  coli   a n d   Salmonel- la   H e i d e l b e r g   i s o l a t e s ,   a n d   a   s i m i l a r   d e c l i n e   b e g a n   i n   t h e   n e x t   q u a r t e r   a m o n g   h u m a n   Salmonella   H e i d e l b e r g   i s o l a t e s  

( F i g u r e   2 ) .   T h i s   d e c l i n e   s t e a d i l y   c o n t i n u e d   u n t i l   t h e   e n d  

o f   2 0 0 6 .   A s   a   r e s u l t ,   t h e   p r e v a l e n c e   o f   c e f t i o f u r   r e s i s t a n c e  

s i g n i f i   c a n t l y   d e c r e a s e d   f r o m   2 0 0 4   t o   2 0 0 6   a m o n g   c h i c k e n  

( 6 2 %   t o   7 % ;   p < 0 . 0 0 1 )   a n d   h u m a n   ( 3 6 %   t o   8 % ;   p < 0 . 0 0 0 1 )  

Salmonella   H e i d e l b e r g   i s o l a t e s   a n d   c h i c k e n   E.  coli   i s o -

l a t e s   ( 3 4 %   t o   6 % ;   p < 0 . 0 0 0 1   [ T a b l e ] ) .   T h e n ,   f r o m   2 0 0 6   t o  

2 0 0 8 ,   t h e   p r e v a l e n c e   o f   c e f t i o f u r   r e s i s t a n c e   s i g n i f i   c a n t l y  

i n c r e a s e d   a m o n g   c h i c k e n   E.  coli   i s o l a t e s   ( 6 %   t o   1 8 % ;   p  

=   0 . 0 0 2 ) ,   a n d   p r e v a l e n c e   o f   c e f t i o f u r   r e s i s t a n c e   i n c r e a s e d ,  

b u t   n o t   s i g n i f i   c a n t l y ,   a m o n g   Salmonella   H e i d e l b e r g   f r o m  

c h i c k e n   ( 7 %   t o   1 8 % ;   p   =   0 . 3 2 )   a n d   h u m a n   ( 8 %   t o   1 2 % ;   p   =  

0 . 4 1 )   i s o l a t e s   ( T a b l e ) .

D i s c u s s i o n

C I P A R S   d a t a   c l e a r l y   i n d i c a t e   a   t e m p o r a l   a s s o c i a t i o n  

b e t w e e n   c h a n g i n g   l e v e l s   o f   c o n t a m i n a t i o n   o f   r e t a i l   c h i c k e n  

w i t h   c e f t i o f u r - r e s i s t a n t   Salmonella   H e i d e l b e r g   s t r a i n s   a n d  

i n c i d e n c e   o f   c e f t i o f u r - r e s i s t a n t   Salmonella   H e i d e l b e r g   i n -

f e c t i o n   i n   h u m a n s .   T h i s   c o r r e l a t i o n   i s   s t r o n g   a n d   a p p l i e s   t o  

d i f f e r e n t   r e g i o n s   o f   C a n a d a .   O u r   o b s e r v a t i o n   i s   c o n s i s t e n t  

with published results from outbreak investigations and  case-control studies suggesting that chicken products are a  source of human infection with Salmonella Heidelberg in  Canada (7,8). Although humans potentially can become infected with  ceftiofur-resistant Salmonella Heidelberg from sources oth- er than chicken, chicken appears the most likely source in  Canada. Ceftiofur-resistant Salmonella Heidelberg has never  been reported among CIPARS porcine Salmonella of abat- toir origin, and it has not been detected among retail pork,  abattoir beef, or retail beef, in which Salmonella prevalence  remains <2% (12). Data generated by National Antimicro- bial Resistance Monitoring System retail surveillance in the  United States indicated that 17% of Salmonella Heidelberg 

  E m e r g i n g   I n f e c t i o u s   D i s e a s e s   •   w w w . c dc.gov/eid • Vol. 16, No. 1, January 2010  51 

Figure 2. Prevalence of ceftiofur resistance (moving average of the 

current quarter and the previous 2 quarters) among retail chicken 

Escherichia coli, and retail chicken and human clinical Salmonella 

enterica serovar Heidelberg isolates during 2003–2008 in Québec, 

Canada.

T a b l e .   P r e v a l e n c e   o f   c e f t i o f u r   r e s i s t a n c e   a m o n g   h u m a n   a n d   r e t a i l   chicken Salmonella serovar Heidelberg isolates and retail chicken  Escherichia coli   i s o l a t e s   f r o m   C a n a d i a n   p r o v i n c e s   s u r v e y e d   d u r i n g  2003–2008  P r e v a l e n c e   o f   c e f t i o f u r   r e s i s tance, % (no. resistant isolates/total no. isolates tested) I s o l a t e / p r o v i n c e 2 0 0 3 2 0 0 4 2005 2006 2007 2008 H u m a n   c l i n i c a l   S al m o n e l l a   H e i d e l b e r g   Q u é b e c 3 1   ( 5 2 / 1 6 7 ) 3 6   ( 4 2 / 1 1 6 ) 35 (37/106) 8 (8/96) 6 (4/63) 12 (8/65)   O n t a r i o 1 8   ( 3 1 / 1 7 2 ) 3 8   ( 7 0 / 1 8 5 ) 30 (42/140) 10 (12/122) 22 (21/94) 32 (7/22)   S a s k a t c h e w a n 0(0/15) 7 (1/14) 0 (0/11) 0 (0/7)   B r i t i s h   C o l u m b i a 23(3/13) 19 (3/16) C h i c k e n   r e t a i l   Salm onella   H e i d e l b e r g   Q u é b e c 6 5   ( 1 3 / 2 0 ) 6 2   ( 1 8 / 2 9 ) 33 (4/12) 7 (1/14) 19 (6/32) 18 (7/38)   O n t a r i o 1 6   ( 3 / 1 9 ) 5 8   ( 1 9 / 3 3 ) 27 (3/11) 21 (3/14) 21 (9/42) 14 (3/21)   S a s k a t c h e w a n 0(0/5) 13 (1/8) 0 (0/9) 8 (1/12)   B r i t i s h   C o l u m b i a 50(2/4) 67 (2/3) C h i c k e n   r e t a i l   E.  coli   Q u é b e c 3 2   ( 3 6 / 1 1 1 ) 3 4   ( 5 4 / 1 5 8 ) 25 (35/142) 6 (8/135) 13 (17/128) 18 (24/131)   O n t a r i o 1 8   ( 2 4 / 1 3 6 ) 2 1   ( 3 2 / 1 5 0 ) 17 (25/145) 22 (34/152) 22 (35/157) 24 (36/150)   S a s k a t c h e w a n 4(3/82) 6 (5/85) 13 (10/75) 20 (18/92)   B r i t i s h   C o l u m b i a 29(12/42) 49 (34/70)
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showed the same antimicrobial resistance pattern
but showed more variability in the conventional
farms.



A randomly selected subset of isolates (n = 64)
cultured on either PCA or NA from conventional
and organic sites was identified using 16S rDNA
sequencing. For all four groups, Bacillus was most
prevalent (36–55 %), and Enterobacter was next
highest in prevalence. Detailed information is giv-
en in Supplemental Information.



Conventional and organic farming practices have
previously been compared with respect to ARB for
dairy cattle (Sato et al. 2006; Halbert et al. 2006; Ray
et al. 2006), poultry (Luangtongkum et al. 2006;
Alali et al. 2010; Heuer et al. 2001; Wittwer et al.
2005; Miranda et al. 2009), and swine (Gebreyes
et al. 2005; Mathew et al. 2001; Bunner et al.
2007). Information on resistance to antibiotics is
variable; in general, increased resistance has been
shown in dairy, poultry, and swine but not for beef,
where few data are available. Reinstein et al. (2009)
reported no systematic difference in antibiotic resis-
tance profiles isolates of Escherichia coli O157:H7
from fecal samples from organic, naturally-raised,
and conventional beef cattle.
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Fig. 2 Bars depict the average
and standard deviation of the
mean growth rate ratio for three
farms of each type (n = 6 farms).
Each of the 676 NA isolates was
grown in liquid culture in the
presence and absence of antibiotic
(panel a and b depict results for
low and high concentrations,
respectively) and absorbance was
measured at time points. Hollow
and filled bars represent the
conventional and organic farms,
respectively
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Fig. 3 Bars depict the average and standard deviation of the mean
growth rate ratio for three farms of each type (n = 6 farms) for the
PCA isolates. Each of the 619 isolates was grown in liquid culture
in the presence and absence of antibiotic (panel a and b depict
results for low and high concentrations, respectively), and absor-
bance was measured at time points. Hollow and filled bars repre-
sent the conventional and organic farms, respectively
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Livestock operations can be point sources of antibiotic 
resistant bacteria.  



Sanchez et al. (2016) 
compared airborne 
bacteria collected near 
three feedlots and three 
organic pastures for 
cattle.  Higher 
resistance was observed 
in bacteria near 
feedlots.
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A recent study compared antibiotic 
resistance genes in six parks in each of 
four CA cities (three samples per park)



Echeverria et al. 2017
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four CA cities (three samples per park)
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 608!
Figure 1 | blaSHV and sul1 ARG levels in California soils. Soil ARG levels across 24 parks in four California cities. Error bars denote 609!
intra-park variability when averaged over three sampling triplicates. (a) blaSHV copy numbers normalized to per gram of soil (b) blaSHV 610!
copies per 16S rRNA copies (c) sul1 copy numbers normalized to per gram of soil (d) sul1 copies per 16S rRNA  611!



612!
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ARG levels in soils (per gram of soil)
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Different cities in CA have very 
different levels of antibiotic 
resistance genes (ARGs) in park 
soils.



How might this impact the 
chances that a pathogen in the 
environment would acquire 
resistance?
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Different cities in CA have very 

different levels of antibiotic 

resistance genes (ARGs) in park 

soils.

How might this impact the 

chances that a pathogen in the 

environment would acquire 

resistance?
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Living in proximity to livestock and 
manured fields is associated with:
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Increased:
• Exposure to antibiotic-resistant 



pathogens including MRSA
• Skin infection
• Soft tissue infections 
• Exacerbation of COPD
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Antibiotic resistance is now a global 
threat to public health!!



According to the World Health Organization,
antibiotic resistance “threatens the 
achievements of modern medicine”



Source: World Health Organization, 2014



The development of antimicrobials over 
the 20th century lead to incredible 



improvements in medical care.
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Background and Motivation



Source: CDC











