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Overview: What Will We Learn? 

• How do bacteria cause disease?
• When are antibiotics needed?
• What is the history of antibiotic 

use and resistance?
• How do bacteria become 

resistant?
• What has led us to the problem of 

antibiotic resistance?
• How do we prevent and combat 

resistance?



Scenario 1
• A woman comes into the ER 

with a high fever and is 
diagnosed with a bacterial 
infection.

• She is prescribed intravenous 
antibiotics, and put under 
observation

• The infection does not 
respond to the drugs, and the 
patient worsens

• A new course of drugs is 
used, but the patient goes 
into shock and dies from the 
infection

3



Scenario 1

• Why do you think the drugs used to treat the patient did 
not eliminate the infection?
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What are bacteria?
• Bacteria are microscopic, single-celled organisms

– Prokaryote
– Have no nucleus
– Cell structure is different from that of 

human cells
• Other types of microorganisms

– Virus (common cold)
– Fungi (athletes foot)
– Parasite (tapeworm)
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Presenter
Presentation Notes
Bacteria are extremely small and can only be seen through microscope.  They are single-celled organisms but they are larger than a virus – viruses are even smaller than bacteria. 



Where are Bacteria Found?

• Bacteria are everywhere
– In nature

• soil, water

– In and on humans
• Skin
• Upper airway and mouth
• Gastrointestinal tract
• Genitourinary tract
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Presenter
Presentation Notes
It is important for everyone to know that bacteria are found everywhere – we are constantly exposed to them.Optional video(approximately 5min):    https://www.youtube.com/watch?v=znnp-Ivj2ek



Bacteria in the Environment

• Many bacteria can 
survive on other 
surfaces that have 
come in contact 
with a person
– toilets
– sinks 
– cell phone 
– desks
– remote controls 
– food
– computers
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Presenter
Presentation Notes
Bacteria may survive for various periods of time on other surfaces that have come in contact with a bacterium.  Examples include:  toilets, sinks, cell phones, desks, remote controls, and on food.  I am sure you can think of other thingsthat bacteria could live on.  Do any of you have other ideas?



Spread of Bacteria
– Direct contact with infectious 

particles
• Computer keyboards, 

money, doorknobs

– Fecal/oral spread
• From eating or drinking 

contaminated food or water
• Food handler with diarrhea 

who doesn’t wash hands well 
after using bathroom

Blood-borne spread
• Transfusion or injection 

(syphilis, brucellosis)
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Presenter
Presentation Notes
This is a good place to perform an exercise using glo-germ powder. There is a white powder available that is difficult to detect under visible light, but under UV fluoresces green. The instructor can place powder on their hands, then shake hands with a few students, then have students shake each others’ hands around the room. Visualize with portable UV lights



Spread of Bacteria

– Respiratory contact
• Inhaling infectious particles in 

the air from someone 
coughing or sneezing 
(Examples: whooping cough, 
anthrax, bacterial meningitis)

– Sexual contact
• Examples: syphilis, chlamydia

– Vector-borne examples
• Tick bite—Rocky Mountain 

Spotted Fever, Lyme Disease
• Fleas/rodents—Bubonic 

Plague
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The Power of a Sneeze

• Did you know that a 
sneeze can blast 
microbes into the air at 
100 miles per hour?!

• The spray from a 
sneeze can travel up to 
30 feet from the person 
who sneezed!
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www.discovery.com/tv-shows/mythbusters/mythbusters.../sneeze-travel-100-mph/

Presenter
Presentation Notes
Text:When you sneeze, it can blast viruses into the air at up to 100 miles per hour.  If you have a virus, coughing and sneezing sends your viruses into the air where they can make other people sick. Holding back your sneeze can cause pressure and hurt your ears.  The best way to sneeze is into your sleeve or into a tissue to prevent spreading viruses.Instructor’s note: to demonstrate germ transmission, you can use the balloon popping exercise.Instructions:Put a small amount of water into a balloon (a few drops is all you need). Blow up the balloon and tie it off. Gather some of the students into a circle; hold the balloon above their heads, count to three and pop the balloon. Water droplets will disperse through the air, just like an uncovered sneeze. 



Most Bacteria are Beneficial

• Aid in digestion
• Provide essential nutrients (vitamin K)
• Occupy (colonize) sites that might otherwise be invaded by harmful 

(pathogenic) bacteria
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Presenter
Presentation Notes
Most bacteria are good and play a positive role in nature.  



Some Bacteria are Harmful

• Some are harmful (pathogenic):
– Damage tissues or produce toxins that 

cause disease
• Opportunistic pathogens

– Do not cause disease in most healthy 
people, take advantage of already 
weakened host

• True pathogens
– Cause infection in otherwise healthy 

people
– Have mechanisms to evade the immune 

system
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Presenter
Presentation Notes
Some bacteria, however, are harmful – also known as pathogenic.  Pathogenic bacteria can damage tissues in the body or produce toxins, causing disease.



Battle Between Bacteria and Host

• When a pathogenic (disease-causing) bacteria attacks healthy host, 
there are three potential outcomes:
– Host wins and bacteria are removed
– Host and bacteria live together 
– Bacteria win and infect host

• Under which situation would antibiotics be needed?
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Presenter
Presentation Notes
Consider this to be a BATTLE between the bacteria and the host cell.  There are three potential outcomes when a pathogenic bacteria attacks a healthy host cell:The host cell wins and the cell recovers from the attack.   The bacteria die.The bacteria and host cell live together.  In medicine, this is referred to as colonization.  In some cases, the cohabitation may be rocky, but in other (e.g. tuberculosis), it may survive for a lifetime.Bacteria win and infect the host



What is an Antibiotic?

• A chemical that 
kills bacteria or 
stops them from 
growing

• Antibiotics work 
only against 
bacteria, not 
viruses
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Presenter
Presentation Notes
What is an antibiotic?Key points:Antibiotics are chemicals that kill bacteria or stop them from growing.There are different types of antibiotics, each designed to work on specific types of bacteria.Only a healthcare provider can prescribe the right antibiotic for your bacterial infection. It is important to use the right drug for your bug!Instructor’s note:Ask the students if they have ever taken an antibiotic. Ask them about their experience: did they visit the doctor? Did they take all of the medicine? Did the medicine make them feel better?



Why Use Antibiotics
• When bacteria infect the host and cause damage, 

antibiotics are necessary to fight the infection
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Antibiotic Timeline

1940s
The first 

antibiotics are 
mass produced 
for humans and 

work well

Early 
2000s 

Current 
teenagers 
are born!Millions of 

years later

Way B.C.

Bacteria were 
present before 
the dinosaurs

1950s
Antibiotic resistance 
begins as soon as the 

first antibiotics are used

Today
Some 

antibiotics 
no longer 
work and 
few new 

ones are in 
the pipeline

??

2030
Will we have 

antibiotics 
that work?
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Presenter
Presentation Notes
Key points:In the 1940s, antibiotics were mass produced and first used by humans to treat infections in people.Before antibiotics were discovered and made available for physicians to prescribe, there was no effective treatment for bacterial infections. People often died from these infections. In 1924, President Calvin Coolidge’s 16-year old son, who had the best treatment available, died from an infected blister on his foot.Bacteria have continued to develop new resistance, outsmarting our antibiotics. If we don’t use antibiotics properly, they may not work in the future.  Today, microbiologists and researchers are discovering strains of bacteria that are resistant to multiple types of antibiotics.  We even have some pathogenic bacteria that do not appear to respond to any of the antibiotics currently available.Optional video: https://www.youtube.com/watch?v=xZbcwi7SfZE



What is Antibiotic Resistance?

• Decreased 
effectiveness of an 
antibiotic against a 
particular type of 
bacteria

• Bacteria evolve 
rapidly, and 
develop ways to 
prevent drugs from 
working
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Timeline of Resistance

Penicillin

Introduced

Vancomycin Linezolid

1940 1950 1960 1970 1980 1990 2000

Resistance 
discovered

Tetracycline Methicillin



Selection for Resistance

• Example of Natural Selection
– Bacteria either have gene or do not have gene for 

antibiotic resistance
– Bacteria are exposed to drug; susceptible bacteria 

(no resistance gene) die, while resistant bacteria (the 
ones with a resistance gene) survive 

– Over time, resistant bacteria multiply, and the 
infection becomes resistant to that drug

Presenter
Presentation Notes
Bacteria do not ‘become’ resistant in response to the presence of drug. Those that have the correct genes are selected for in the presence of drug, then those survivors reproduce to create a resistant population.So, bottom line, any time a drug is used, it has the potential to select for those bacteria that have resistance genes.Not a matter of ‘if’, but ‘when’



Drug Use Selects for Resistance

Sensitive and 
resistant bacteria 

live together.

Antibiotics kill 
sensitive bacteria.

The resistant bacteria 
are left to multiply.
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Presenter
Presentation Notes
Text:An antibiotic kills the susceptible bacteria but the resistant bacteria stay in the body and multiply.When a person develops resistant bacteria, other antibiotics that have disadvantages (such as toxicity, less convenient administration, or greater cost) may be required.  Some resistant bacterial infections become resistant to multiple classes of antibiotics or cannot be treated at all.Every time you take an antibiotic, even when there is a good reason and the antibiotic is appropriate, you subject the bacteria to this selection process.



Susceptible bacteria are 
killed off. 

A few hardy survivors 
are left behind. 

X
X
X

X
X

XX
X

The survivors can  
withstand penicillin. 

R

R

Jane takes penicillin.

Unnecessary Antibiotics Cause 
Resistance



The resistant survivors 
multiply. R

R

R
R

R

R
R

R

R
RRTreatment with 

penicillin has no effect. X

Jane is now a carrier of 
penicillin-resistant bacteria.

Resistant Bacteria Can Multiply and 
Spread

Presenter
Presentation Notes
Now that Jane is a carrier of resistant bacteria, she can spread resistant infections to others in her family and community.



Longer 
treatment 

Higher 
dosage 

More 
expensive 

medication 

Intravenous (IV) 
medication,

hospitalization 

Resistant Infections Require Special 
Treatment

Presenter
Presentation Notes
Treatments for resistant infections are more dangerous and expensive.



What contributes to Resistance?

• The misuse and overuse of antibiotics in agriculture and 

health care has led to the current state of widespread 
antibiotic resistance at both national and global levels.

• Travel has led to spread  at remarkable speeds



Agriculture

• Antibiotic use in animals and 
crops can lead to resistance

• Resistant bacteria found in 
fertilizer contaminates crops

• Resistant bacteria can be 
transmitted to humans 
through animal products and 
crops



Health Care

• Antibiotic use in health care is problematic at 
many levels
– Patient
– Provider
– Pharmaceutical Industry

Presenter
Presentation Notes
Antibiotic resistance in the health care field is a multi-faceted problem.



Health Care

• Patient
– Antibiotic administration

• Skipping doses
• Stopping early
• Timing issues

– Antibiotic Seeking
• Requesting for common viral infections

– Self-prescribing
• Taking old antibiotics
• Sharing antibiotics
• Buying foreign antibiotics

– Improper Disposal
• Flushing → environmental damage

– Inaccurate Allergy Reporting (most specifically 
penicillin)

Presenter
Presentation Notes
Antibiotics must be taken as directed. This is critical, as clinical dosages must be maintained within the patient. Additionally, if a prescription is ended early, it is very likely that only the most susceptible bacteria have been eliminated. Any bacteria remaining will multiply and there is a likelihood that resistance can develop.Antibiotics are not effective against viral infections. Most cases of sinus infections (~90%) are viral. Many patients will demand antibiotics – puts provider under pressure to comply.Self-prescribing – in some countries, you do not need a prescription to buy antibiotics at a drug store. In the US, people will take antibiotics they have at home as a form of treatment, whether appropriate or not.Drugs that are flushed down the drain have an impact on the number of bacteria in the environment that develop resistance. These bacteria are then a potential source of infection, or at the least a potential source of new genes for other bacteria.



Health Care
• Provider

– Prescribe unnecessary antibiotics
• Patient pressure
• Incorrect diagnosis (viral vs. bacterial)

– Prescribe broad spectrum
• Collateral damage to normal flora
• Promotes resistance 

Presenter
Presentation Notes
Practitioners have become much better educated over the past decade, but instances of over-prescription overuse still exist.



Health Care

• Pharmaceutical Industry
– Very little development of new antimicrobials over last three decades
– Medications for chronic conditions such as high cholesterol, diabetes, 

etc. more profitable than antibiotics

Presenter
Presentation Notes
Over the past 30 or so years, the pharma industry has ignored antibiotics, as they do not provide the return on investment that life-long drugs do.



Travel
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Presenter
Presentation Notes
People can get infections when traveling internationally from other people, animals, contaminated food or water, or through receiving medical care.  People can spread germs when they return.



Penicillin (PCN) Allergy—5 Facts

1. PCN Allergy Reporting: ~10% of general 
population and up to 20% in-patient-reported 
prevalence 

2. When evaluated, <1% of the entire population is     
truly allergic



Penicillin (PCN) Allergy—5 Facts

3. Approximately 80% of patients who did have a 
true PCN allergy lose this sensitivity after 10  
years (due to changes in immune system)

4. Many reported “allergies” are actually side 
effects (examples: nausea/diarrhea)

5. Many reported “allergies” are secondary to 
symptom confusion (a rash or other symptoms 
that develop may be due to the illness itself 
instead of caused by the penicillin)

Presenter
Presentation Notes
Further explain allergic reaction vs side effects….and that side effects can sometimes be treated or prevented (such as taking medicine with food/snack instead of on an empty stomach; eat high fiber diet to feed “good” gut bacteria, and probiotic foods [aged/fermented] such as tofu, kefir, aged cheeses, sauerkraut, pickles, certain yogurtsNote that many children who are diagnosed with allergic reaction to PCN have contamitant viral infection, which often times presents as a rash on the skin. When this coincides with starting a penicillin antibiotic, the antibiotic is what is blamed



Penicillin (PCN) Allergy—Why does it 
matter?
• Most appropriate treatment

– PCN or PCN-related antibiotics are most often the most effective 
treatment and with the least amount of side effects

• Cost
– Alternate antibiotics are often much more expensive than 

penicillins (on average, PCN-allergic patients pay 60% more for 
treatment than those without the reported allergy)

• Resistance!
– PCN allergy labeled patients are prescribed more broad 

spectrum antibiotics, which leads to higher incidence of 
development of resistant bacteria



Think you have a PCN allergy?—What 
can you do?
Get Tested! 
Ask your physician if a referral to an allergy specialist is 
right for you (or your friends or family members) 

– Penicillin Skin Testing
– Penicillin (Amoxicillin) Oral Challenge Testing



Consequences of Resistance

• Number of appropriate antibiotics decreasing
• Number of infections that cannot be treated with 

known antibiotics is increasing

Limited 
number of 
antibiotics 

available for 
use

Resistant 
infections 

increasingly 
difficult to 

treat

Drugs with 
greater cost, 
toxicity and 
side effects 

must be used

Presenter
Presentation Notes
As the number of effective drugs decreases, those drugs that are more toxic, more expensive or with negative side effects must be used.   The number of infections that cannot be treated with known antibiotics is increasing.



Antibiotic Resistance
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In 2050, Antimicrobial Resistance is 
expected to be the #1 cause of death

Presenter
Presentation Notes
This is known to be a low estimate.  In 2050, Antimicrobial resistance is expected to be the #1 cause of death



Combating Resistance

• Prevent Infection
– Hand-washing and proper hygiene
– Immunization
– Healthy lifestyle:  proper nutrition, exercise, regular 

sleep habits
– Handle and prepare 

food properly



Combating Resistance
• Proper antibiotic use

– Take for prescribed time 
and as directed

– Do not share antibiotics
– Dispose of properly
– Only take for bacterial infection
– Limit use in agriculture
– Use narrow spectrum drugs after infective 

agent has been identified
– Know true allergies vs adverse reactions (and 

get tested for penicillin allergy if unknown!)

Presenter
Presentation Notes
Reiterate the previous slides where the one or few resistant bacteria remained after taking antibiotics….explain this is more likely to happen when you take an antibiotic for only a couple days and stop when you feel better instead of finishing entire course (or saving for later when you might feel sick again!) TAKE ENTIRE COURSE AND DON’T STOP UNTIL COMPLETELY GONEReason you don’t share antibiotics: your infection may be different than another person’s infection. You think you are helping, but you could in fact be stealing a sharp shooter designed to kill bacteria X, when you have bacteria Y. It not only won’t help, but will cause worse problems down the road (cause more resistance, cause prolonged illness, etc)



• Every time someone takes an antibiotic, resistant 
bacteria may be selected for and multiply

• Resistant bacteria may then spread to others, 
compromising the effectiveness of treatment for future 
infections

• Share what you have learned with your friends and 
family members
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Presenter
Presentation Notes
Another way you can make a difference is to share what you have learned about bacteria, appropriate antibiotic use, how resistance develops and how to prevent it.  Share this information with your families, friends and other people in your community.  Think twice about asking your care provider for an antibiotic.  You can also consider how you can make a difference in the professional world when you graduate.  There are may kinds of jobs in multiple fields that can help prevent antibiotic resistance including research, microbiology, animal husbandry, medicine, and health care administration to name a few.  YOU CAN MAKE A DIFFERENCE!



Credits

• Oregon Health Authority:  Oregon AWARE
• CDC website:  

https://www.cdc.gov/drugresistance/index.html
• CDC. Antibiotic Resistance Threats in the United States, 

2019. Atlanta, GA: U.S. Department of Health and 
Human Services, CDC; 2019.
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