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The Rise of Antibiotic Resistance 



http://xenophilius.wordpress.com/2010/03/23/new-superbug-surpasses-mrsa-infection-
rates-in-community-hospitals/ 

http://www.cheapmedicinechest.com/wp-
content/uploads/2010/02/antibiotic-resistance-300x300.gif 

Dissemination of Antibiotic Resistance 
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Environmental Antibiotic Resistance Reservoirs 



Fate of Antibiotics and Antibiotic Resistant Bacteria in the 
Environment 

Runoff 

Irrigation 

Irrigation 



J Environ Qual. 2010 Nov-Dec;39(6):2211-5. 
Broad-host-range plasmids in treated wastewater effluent and receiving streams. 
Akiyama et al. 
 Dep. of Crop, Soil, and Environmental Sciences, 115 Plant Science Bldg., Univ. of Arkansas, Fayetteville, AR 72701, USA. 

Antibiotics and antibiotic resistant bacteria and genes in wastewater 
effluents?? 

http://www.ncbi.nlm.nih.gov/pubmed/21284320


Impact of treated wastewater-irrigation on soil AR 
Freshwater Treated wastewater 

DNA Extraction 

Characterization 
and quantification 

of selected AR 
genes 

Plate counts on 
dilute LB medium 
+/- selected 
antibiotics.  
Levels of AR (%) in 
FW and TWW-
irrigated soils 
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Impact of treated-wastewater irrigation on soil AR: 
study sites and conditions 

Negreanu et al.,2012. Environmental Science &Technology 



Experimental sites 

Avocado orchard, Akko Citrus Lysometers, Shafdan 

Chemical formula Mode of action Antibiotic class Antibiotic species 

Protein synthesis 
inhibitor 

Tetracycline Tetracycline 

Prevent unwinding 
& duplicating 
bacterial DNA 

Fluroquinolone Ciprofloxacin 

Protein synthesis 
inhibitor 

 

Macrolides Erythromycin 

Plate Assays 

Negreanu et al.,2012. Environmental Science &Technology 
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Negreanu et al.,2012. Environmental Science &Technology 



Quantification of antibiotic 
resistance in “culturable” 

bacteria 

(A)Tetracycline resistant bacteria 
 
 
(B) Ciprofloxacin resistant bacteria 
 
 
(C) Erythromycin resistant bacteria  
 

Negreanu et al.,2012. Environmental Science &Technology 

TWW- irrigated soils (black bars)  
 
FW- irrigated soils (striped bars) 



“Culture independent” quantification of clinically-relevant AR 
genes using quantitative real-time PCR (qPCR) 

Mode of protection Targeted genes Resistance 

Ribosome protection tet(O) Tetracycline 

Plasmid associated DNA gyrase 
protection (DNA synthesis)  

qnr(A) 
Fluoroquinolone 
(Ciprofloxacin) 

Ribosome protection 

 

erm(B) Macrolide 
(Erythromycin) erm(F) 

Interferes with inhibition of folic 
acid synthesis 

sul(1) 
Sulfonamide  

sul(2) 

The relative abundance of the above genes were normalized by dividing the above AR 
gene amplicons by 16S rRNA gene amplicons 



Source tracking of antibiotic resistance genes (from sewage to soil) 
in Shafdan using qPCR 

Negreanu et al.,2012. Environmental Science &Technology 
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qPCR targeting of AR genes in the four study sites 
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qPCR targeting of AR genes in the four study sites 
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qPCR targeting of AR genes in the four study sites 
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qPCR targeting of AR genes in the four study sites 



How do Anthropogenic factors impact soil AR 



How do Anthropogenic factors impact soil AR-  
Selective pressure 

Microcosm experiments 

 

Negreanu et al., unpublished 



Gilat, Israel Hawaii, USA 
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Gatica and Yan, unpublished 



Metagenomic analysis of bacterial community (phylum level) 
composition of pre- and post-incubated soil microcosms 

Gatica et al., unpublished 

 Each profile consists of average values from triplicate biological replicates (~3000 OTUs each). 
 Data generated using the MG-RAST metagenomic analysis server    

Original Soil 1 week 2 weeks NO AB 

Ceftriaxone (2ug/ml) 



Gatica et al., unpublished 

Green area- original soil 
  
Red area- 7 days post-
incubation 
 
Blue area- 14 days post-
incubation 
 
Light colored triangles- 
non-amended (control);  
 
Dark colored triangles- 
ceftriaxone amended.  

Two dimensional distribution of bacterial community structure 
correlated to time and antibiotic exposure 

 N-MDS analysis using PC-Ord 
Each triangle represents~ 3000 OTUs 



Presence of ESBL genes in ceftriaxone-resistant isolates 
obtained from microcosms and slurry experiments 

Soil site Experiment 
Total 

isolates 

Extended spectrum beta-lactamase gene type 

  
blaTEM 

 
blaCTX-M 

 
blaSHV 

  
blaOXA 

 
blaVIM 

 
blaNDM 

Gilat microcosms 23 
√ 

(26%) 
√ 

(0 %) 
√ 

(0 %) 
- 

(0 %) 
- 

(0 %) 
- 

(0 %) 

Gilat slurry 30 
√ 

  (87%) 
√ 

(0 %) 
- 

(0 %) 
- 

(0 %) 
- 

(0 %) 
- 

(0 %) 

Carmel slurry 26 
√ 

  (20%) 
- 

(0 %) 
- 

(0 %) 
- 

(0 %) 
- 

(0 %) 
- 

(0 %) 

Ramat 
Menashe 

slurry 25 
√ 

 (84%) 
- 

(0 %) 
- 

(0 %) 
- 

(0 %) 
- 

(0 %) 
- 

(0 %) 

Gatica et al., unpublished 

√ gene detected using direct molecular targeting 
(%) percent of resistant isolates harboring designated gene 



Conclusions 

1. Treated wastewater-associated antibiotic resistant bacteria 
and genes do not appear to enhance antibiotic resistance 
in the irrigated soils. 

Plate-count assays estimated that TWW introduces ~105-107 AR 
bacteria per square meter of soil/day.  Nonetheless, in 
most of the soils analyzed, AR bacteria and ARG levels in 
TWW-irrigated soils were on the whole identical (or 
sometimes even lower) than in FW-irrigated soils. 

 



Conclusions 

2. Antibiotics (at concentrations associated with STP 
effluents or even several orders of magnitude higher) do 
not appear to enhance antibiotic resistance in the irrigated 
soils. 

 

3. The soil microbiomes are characterized by significant levels 
of native antibiotic resistance 

 

 



“Antibiotic resistance is a natural phenomenon that predates 
the modern selective pressure of clinical antibiotic use”. 
 
“Targeted metagenomic analyses of ancient DNA from 30,000-
year-old permafrost sediments revealed a highly diverse 
collection of genes encoding resistance to antibiotics that are 
highly similar to modern variants”. 
 

Native soil bacteria harbor antibiotic resistance genes that are 
prevalent in the clinical environment 



Science 31 August 2012:  

Vol. 337 no. 6098 pp. 1107-1111  



Environmental Antibiotic Resistance Reservoirs 

? 



  Future “DARE INSPIRED” Questions that need to be addressed 

1. What is the level of mobility of the anthropogenic-
associated and native soil antibiotic resistance genes?-  

 We need to look at antibiotic resistance genes on mobile 
genetic elements. 

 

1. What is the potential of these genes to be transferred from 
the soil reservoirs to commensal and pathogenic bacteria 
that are associated with humans 

  We need to develop risk assessment models to predict  
horizontal transfer of antibiotic resistance genes. 
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BUT WHAT ABOUT ANTIBIOTIC RESISTANCE???? 


