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Background Information



What are microbese

« Organisms that can be seen with o
MICroscope

Actinetobacter Candida Sulfolobus
(Bacteria) (Fungus, EucaryQ) (Archaeq)

Microbiology Online, CDC AR Report



Life is divided Into 3 groups.
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Life I1s “Mainly Microbes’!

Bacteria
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Why do we care about
microbese

Nutrient Cycling

mangrove i intertidal

Nutrient cycling, degradation

= e

i

Bioremediation Bioprospecting



Why do we care about
microbes?

Yellowstone National Park lce



Microbes are all around us

Ocean Water 500,000
Cells/cm3

Ocean sediments 220,000,000

(top 10 cm) cells/cm3

Rivers 1,000,000
Cells/cm3

Forest sediments 40,000,000
cells/gram

Whitman et al. 1998



Microbes are all over us




Bacteria and archaeo
outhumber us...by a |of!

4,000,000,000,000,000,000,000,000,000,000
/,310,000,000

Whitman et al. 1998



Disease-causing (pathogenic)
microbes are not the majority
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Mycobacterium Psendomaonas o . Streplococcus
tuberculosis Aeriginosa Shigella dysenteria preumoniae
Tuberculosis Blood poisoning  Dysentery Pneumonia

Pneumonia



Antiblotics



Discovery of antibiofics

*
.
!
-

Alexander Fleming



Fleming's Work

Brimisi Journal oF ExXPERIMENTAL PatHorocy, VoL X. No

Penicillinm colony
=taphyvlococel  under-

woiliyr lysis

Normul staphylococeal
colony.,

Fis. 1.—Photograph of a .-u]‘.u_t...,}.'j_.,:q- showinge the ..]i:...,.iu:i..n of staphylococeal
eolonies in the neighbonrhood of a penicillinm colony




Antibiotics

« compound produced by @
microorganism that inhibits the growth of
another microorganism

* natural process

« can be chemically synthesized
Kummer 2009



Recent discovery by humans

Timeline | Antibiotic drug discovery

Salvarasan
{arsenical)

(1940-1950)

* Gramicidin (peptide)

= Penicillin (B-lactam)

= Neomycin (aminoglycoside) = :
* Streptomycin (aminoglycoside) Rifamycin

= Cephalosporin (B-lactam) (ansamycin)

Linezolid
(oxazolidinone)

1908

Protonsil

(sulfonamide) ¢ Chloramphenicol (phenylpropanoid)

1932 1940 1950 1960 1962 2000 2003

(1950-1960)

Naladixic acid Daptomycin
(quinolone) (lipopeptide)

* Chlortetracycline (tetracycline)
* Polymyxin (lipopeptide)

¢ Erythromycin (macrolide)

* Vancomyecin (glycopeptide)

* Virginiamycin (streptogramin)

The class of the antibiotic is shown in brackets.

Wright 2007



Humans use antiblotics often.

Animal Agriculture Aquaculture
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How do antiblotics work?

» Targeting the bacterial cells to stop
them from growing or to kill them

« Can occur by attacking the outside
of the cell or by affecting the
processes inside the cell



What Is antibiotic resistance®?

¢ Resistance is when a bacteria is not
affected by a particular antibiotic

« Natural occurring process
— Found in ancient sediments
— |[solated caves
— |solated tribe of humans




How can bacteria resist antibioticse

Change
the target

Immunity

Pump out
o o | @ntibiofics

Inactivate
the activity

Modified
from:
Wright
2010



How can resistance be spreade

1

Lots of germs.
A few are drug resistant.

» Selections by'exp

2,
Antibiotics kill
bacteria causing the illness,
as well as good bacteria
protecting the body from

infection. ’
X
X x ) x -:-K-._

™ J.
N The drug-resistant

bacteria are now allowed to
grow and take over.

» )
% |

4.
Some bacteria give

their drug-resistance to
other bacteria, causing
more problems.

’\7,'\/

» Bacteria sharing resistance

S

osure to antibiotics

CDC Threat Report, 2013



Marine Environmental Resistance

Resistance The ocean Human caused
naturally acts as g antibiotic
OoCccurs in the reservoir for Inputs enter
environment. resistance. enviroment.

Allows for
resistance to be
shared in the
ocean
environment,




AR transfer from the ocean

/ Humans
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Environment is important to
understanding our health.

Animal
Disease

One

Human

Health Disease

Environment




Antibiofic resistance has large impacts.

—

Estimated minimum number of illnesses and
deaths caused by antibiotic resistance*:

At least = 2’049,442 illnesses,

—

ranged as high as $20 billion in excess direct healthcare costs, with additional costs to
society for lost productivity as high as $35 billion a year (2008 dollars).’

CDC Threat Report, 2013



What are the levels of
antibioftic resistance at
beaches around Cape Cod¢




Why the beache

¢ Land-sea interface

« Humans interact
— Consumption
— Recreation




Why would we expect
resistance in the environmente

» Natural process

 Likely enhanced by humans
— Resistance can enter through wastes

— Actual antibiotic residues can enter
e e -‘?‘k! T
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Methods Flow Chart

( ) ( )

Culture Resistance
Bacteria Testing

. J L J

Sampling




Fleld Sampling




lce doesn’t stop our sampling!




Methods Flow Chart
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Culturing

General Marine Bacteria

Enferococcus

Fecal indicator used Widespread in the Indicates main
By the EPA Marine environment environmental reservoir
-Can be pathogenic -Can be pathogenic



Picking isolates

Enferococcus Vibrio General Marine Bacteria

500 isolates 500 isolates 1500 isolates



Methods Flow Chart

( ) ( )

Culture Resistance
Bacteria Testing

. J L J

Sampling




Resistance Testing

Ciprofloxacin Antibiofic

Discs

Trimethoprim Clindamycin

Doxycy

Amoxicillin

Inhibition Zone

Oxytetracycline



Resistance Testing




Why these antibioticse

Antibiotic Selected Uses Use began

Amoxicillin Ulcers, Lyme disease, 1972
bronchitis, ear infections

Ciprofloxacin Diarrhea, pneumonia, 1987
urinary tract infections

Clindamycin Blood poisoning, 1989
pneumonia, malaria, acne

Doxycycline Cholera, Gonorrheaq, acne, 1967
diarrheq, Lyme disease

Oxytetracycline Syphilis, Pneumonia, 1950s
Bronchitis, plague, throat
irritation

Trimethoprim Urinary tract infections, 1982

pneumonia




Resistance In cultured beach
bacteria

Enterococcus Vibrio General Marine Bacteria

In process 24.3 % In process
(316 isolates)
~50 more to be collected



What have we learned so fare



Resistance Is prevalent within
tested Vibrio
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Preliminary seasonal pattern
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Site differences are not large
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Antiblofic results vary
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Sample type ditferences are small
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wet water



More resistance compared 1o
other studies

« Otfher studies done in the developing
world

e Tend to have smaller numbers

e Test different antibiotics



Future work

« Working on resistance testing
— Enferococcus
— General marine bacteria

 |dentity bacteria by genetic analysis

« Quantification of human impacts



Where does this research fit
INtfo the larger picturee



Marine Resistance Study Goals

Better understanding of the marine environment

Understand if there are links to human impacts

Determine health risks

Determine if necessary to make changes in use




AR Is a global and national problem.

., THE WHITE HOUSE
WASHINGT
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What can you do¢



Preserve the integrity of
Gn’ribip’ric_;s

WARNING: Antibiotics don t work for viruses like
colds and the flu. Using them for viruses will NOT
make you feel better or get back to work faster.

Antibiotcz are strong medicines. Heep them that Taking orbinlicn for virod infaciion wuh
way. Proevoent antibiotic resistance. Ansbictics don fght ot o cold, @ eoogh, o Ee Bu will BOT:
winmes— thary Bght boderia. Lhing onsbiclics ke viruses oon pt pou ot risk of = Curnm the infection
gesing o backeial Inlection et & resant i m Tk s o = Hoep other poople ko corching @
l-mcﬂmmprm-a-dnrnlmqt anthioticy, =it www.ode.gov  gotamart, ® Help o henl bater
BOO-COC-INFD o leam —ara.
(¢ [ Fon SET

Levy 1998



It able to, buy antibiofic free food

OUR CHICKENS
DONT DO DRUGS®



Enjoy the beach!

. Laao
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