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● Bachelor’s degrees in English & 
Spanish literature

● Zero microbiology coursework in 
college, including MPH program. 

● I took APIC courses, learned 
from my colleagues on the job & 
used Google (a lot!). 

If I can learn micro, 
anyone can!
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What Are Microorganisms?
● Microbes have existed for over 3 billion years!

● Pathogens are microbes that cause disease
(“pathogenic”)

○ BUT not all microbes are pathogens

● Categorized according to biological taxonomy

Example: bacteria are known by genus 

(Escherichia) and species (coli)

● Human body has:

○ 10 trillion human cells

○ 100 trillion microbes



5 Types of Microbes

Bacteria Viruses Fungi

Parasites Prions





Bacteria
Characteristics
• Single cell
• Most are harmless (normal flora)
• Different growth characteristics
• Named by genus and species

How to identify
• Visible under a light microscope- gram stain
• Culture
• Other specialized laboratory tests

Examples of Pathogens
• Methicillin-resistant Staphylococcus aureus
• Streptococcus pneumoniae
• Pseudomonas aeruginosa

Treatment
• Antibiotics



Viruses
Characteristics
• Acellular
• Only able to replicate in a 

host’s cell
• 10,000 times smaller than 

bacteria

How to identify
• Culture- grown inside cells
• NOT visible under a light 

microscope
• Identified using specific 

stains and methods and  
other specialized laboratory 
tests

Examples of Pathogens
• Influenza
• Varicella (chickenpox)
• Covid-19

Treatment
• Antivirals or supportive 

therapy



Can you 
kill a virus?



Fungi
Characteristics
• Unicellular and multicellular
• Most are not dangerous (yeast, mold, mushrooms)
• Some can be harmful to health

How to identify
• Culture and special stains and other specialized 

laboratory tests

Examples of Pathogens
• Candida auris
• Aspergillus fumigatus

Treatment
• Antifungals



Parasites
Characteristics
• Live on or in a host and gets nutrients at the expense of the 

host
• Unicellular or multicellular

How to identify
• Light microscopy, blood tests and other specialized laboratory 

tests

Examples of Pathogens
• Malaria (Plasmodium)
• Cryptosporidium
• Giardia

Treatment
• Antiparasitic

Scabies



Prions
Characteristics
• Pathogenic agent able to induce abnormal folding of 

specific normal cellular proteins
• Causes Prion disease or transmissible spongiform 

encephalopathies (TSEs)- rare progressive 
neurogenerative disorders

• Affects both humans and animals

How to identify
• Brain biopsy or autopsy and other specialized laboratory 

tests (typically a sent to a reference laboratory!)

Examples of Pathogens
• Creutzfeldt-Jakob Disease (CJD)

Treatment
• Supportive treatment



Organism Type Examples

Bacterial Spores Spore Bacillus anthracis, C. difficile

Mycobacteria Bacteria M. tuberculosis, M. Terrae (Can)

Small non-enveloped virus Virus Poliovirus, Norovirus, Hep A

Fungal spores Fungus Aspergillus, Penicillium, Trichophyton

Gram negative bacteria Bacteria
E. coli, Klebsiella including CRE, 
Pseudomonas, Acinetobacter

Fungi (Vegetative) Fungus Candida species

Large Virus (non-enveloped) Virus Adenovirus, Rotavirus

Gram positive bacteria Bacteria
Staphylococcus including MRSA
Enterococcus including VRE

Virus (enveloped) Virus HIV, HBV, HCV, Influenza, Mpox

^Resistant
* Sensitive Adapted from Rutala & Weber. ICHE 2014;35(7):862; McDonnell & Burke, J Hosp Infect 2011;78(3):163-70.

R^

S*

Effect of Disinfectants on Microorganisms



ANTIMICROBIAL 
RESISTANCE

Rozman U, Pušnik M, Kmetec S, Duh D, Šostar Turk S. Reduced Susceptibility and Increased Resistance of Bacteria against Disinfectants: A 
Systematic Review. Microorganisms. 2021 Dec 10;9(12):2550. doi: 10.3390/microorganisms9122550. PMID: 34946151; PMCID: PMC8706950.

DISINFECTANT 
RESISTANCE≠



Examples of exceptions to the 
hierarchy of disinfectants

https://www.cdc.gov/mmwr/pdf/rr/rr6305.pdf

Human papillomavirus 
(HPV)

Candida auris



Microbiology
Testing &
Reporting
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Gram Stain - Bacteria
After the 
provider’s initial 
assessment, 
the gram stain 
is going to be 
one of the the 
first clues as to 
what is going 
on with the 
patient.

Gram Positive 
Result

Indicates the bacteria has a 
thick cell wall with proteins 

(peptidoglycan). 
Gram positive cells appear 

purple.

Indicates the bacteria does 
not have an extra layer in 

the cell wall. 
Gram negative cells appear 

pink/red.

Gram Negative 
Result 



Bacterial Cellular Morphologies

SHAPE:

Coccus- spherical shape

Bacillus- rod shaped

Coccobacillus- intermediate shape 
between coccus and bacillus

ARRANGEMENT:

Chains

Clusters

Diplo (arrangements of 2)



Examples: Organism & Gram Stain

https://phil.cdc.gov/details.aspx?
pid=2226 https://www.merckmanuals.com/en-

ca/professional/multimedia/image/gram-stain-
streptococcus-pneumoniae-

https://en.wikipedia.org/wiki/Staph
ylococcus_aureus

GRAM POSITIVES (PURPLE!)

Bacillus anthracis -
gram positive 

bacilli

Streptococcus 
pneumoniae - gram 

positive cocci in pairs and 
short chains

Staphylococcus aureus -
gram positive cocci in 

clusters



Examples: Organism & Gram Stain

https://textbookofbacteriology.net/pseudo
monas.html

https://phil.cdc.gov/Details.aspx?
pid=1260

https://phil.cdc.gov/details.asp
x?pid=6423

Neisseria meningitidis –
gram-negative diplococci

Pseudomonas aeruginosa
- gram-negative bacilli

GRAM NEGATIVES

Acinetobacter baumanii -
short gram-negative

bacilli



https://textbookofbacteriology.net/pseudo
monas.html

https://phil.cdc.gov/Details.aspx?
pid=1260

https://phil.cdc.gov/details.asp
x?pid=6423

Neisseria meningitidis –
gram-negative diplococci

Pseudomonas aeruginosa
- gram-negative bacilli

POP QUIZ: WHICH GRAM STAIN RESULTS 
REQUIRES IMMEDIATE IP ATTENTION & ACTION?

Acinetobacter baumanii -
short gram-negative

bacilli



Other Common Stains

Acid-fast stain (Ziehl-Neelsen stain)- determines if a 
sample of tissue, blood, or other body substance is 
infected with tuberculosis (TB) and other illnesses.

Capsule stain- India ink is used for easy visualization of 
the capsule of the yeast Cryptococcus neoformans. The 
particles of ink pigment do not enter the capsule that 
surrounds the spherical yeast cell, resulting in a "halo" 
around the cells. 

https://en.wikipedia.org/wiki/Cryptococcus_neoformans

https://en.wikipedia.org/wiki/Ziehl%E2%80%93Neelsen_stain



When the micro lab
calls with a positive 
on an active 
inpatient AFB 
result, what do you 
do first?



Positive AFB PLUS suspicion of 
pulmonary TB requires 
immediate placement into AIIR.

Contact ID/med director & give 
employee health a heads up. 
BUT DO NOT SEND AN 
EXPOSURE YET! You do not have 
organism identification. 

Reassure staff that IP will follow 
up if MTB is identified. You do 
not need to stay late after 
ensuring isolation is active. 



Bacterial Identification: 
Culture
• Bacteria are grown in a petri dish 

using special growth media
• Time it takes to grow is organism 

dependent- some take hours and 
others take days

• May be able to identify a bacteria to 
genus and species based on culture 
alone

• Cultures can be done manually but 
advancements have led to 
automation 

BD Kiestra- Total Laboratory Automation

Traditional Bacterial Culture



Microorganism Identification: MALDITOF

Matrix-Assisted Laser Desorption 
Ionization Time of Flight (MALDITOF)

Laboratory automation providing faster 
and more accurate results than 
conventional identification methods for 
the identification and antimicrobial 
susceptibility testing of most bacterial 
and fungal clinical isolates. 

Decreases the turnaround time for the 
provision of definitive identification and 
susceptibility results to clinicians. 

https://www.beckmancoulter.com/products/microbiology/maldi-tof-mass-spectrometry



Microorganism Identification: 
Polymerase Chain Reaction (PCR)

https://www.intechopen.com/chapters/66383
https://www.genome.gov/about-genomics/fact-sheets/Polymerase-Chain-Reaction-Fact- Sheet#:~:text=How%20does%20PCR%20work%3F,the%20original%20strands%20as%20templates.

Diagnosis of infectious diseases has been revolutionized by the development of 
molecular techniques, mainly with the applications of polymerase chain reaction 
(PCR). 

How does it work?
• The sample is heated so the DNA denatures
• The DNA separates into two pieces of single-stranded DNA
• An enzyme (Taq polymerase) synthesizes two new strands of DNA (using the 

original strands as templates)
• Denaturing and synthesis occurs multiple times leading to the more than a 

billion copies of the original DNA segment
• This can be completed in a few hours using a machine called a thermocycler 

which alters the temperature of the reaction every few minutes to allow 
DNA denaturing and synthesis.

https://www.intechopen.com/chapters/66383
https://www.genome.gov/about-genomics/fact-sheets/Polymerase-Chain-Reaction-Fact-


Microorganism Identification: 
Polymerase Chain Reaction (PCR)

https://www.intechopen.com/chapters/66383
https://www.genome.gov/about-genomics/fact-sheets/Polymerase-Chain-Reaction-Fact- Sheet#:~:text=How%20does%20PCR%20work%3F,the%20original%20strands%20as%20templates.

Advantages

• Effectively developed for a wide 
range of microorganisms

• High sensitivity and specificity

• Faster turnaround times

• Good for organisms that cannot 
be grown in vitro, or when 
where existing culture 
techniques are insensitive 
and/or need prolonged 
incubation times

https://www.intechopen.com/chapters/66383
https://www.genome.gov/about-genomics/fact-sheets/Polymerase-Chain-Reaction-Fact-


Pulsed-Field Gel Electorphoresis 
(PFGE) (DNA Fingerprinting)

https://www.cdc.gov/salmonella/typhimurium/pfge_process.html#:~:text=Laboratories%20use%20high%2Dtech%20equipment,fingerprints%20just%20like%20people%20do.

• Laboratories use high-tech equipment to make the DNA 
fingerprints. 

• Each type of bacteria has unique DNA which makes up a 
pattern of bands called a fingerprint.

• Bacterial fingerprints are found by cutting the bacteria’s DNA 
into tiny pieces and then placing them on an agarose gel. 

• Electricity is sent through the gel and the DNA pieces separate.  

• Small pieces of DNA get carried farther down the gel than 
bigger pieces.  This process creates a banding pattern or 
“fingerprint”. 

• PFGE is useful for assisting epidemiological investigations of 
illnesses caused by a common-source of pathogen such as 
Escherichia coli O157 : H7 in food poisoning or MRSA causing 
an outbreak in health care.



Whole Genome Sequencing 
(WGS)

https://www.cdc.gov/pulsenet/pathogens/wgs.html

• All organisms (bacteria, vegetable, 
mammal) have a unique genome 
composed of nucleotide bases (A, T, C, 
and G)

• If you know the sequence of the bases 
in an organism, you have identified its 
unique DNA fingerprint, or pattern.

• Determining the order of bases is called 
sequencing.

• WGS is a laboratory procedure that 
determines the order of bases in the 
genome of an organism in one process.

* Gives an exact DNA profile of an 
organism

Typically performed by state 
lab & can help identify the 

source of an outbreak!



Bottom line:
As the facility IP, you 
need to understand 
what methods are 
used in YOUR lab.  

If reference labs are 
used, know who to 
contact for these 
questions!



Antibiotic Susceptibility Testing
Intrinsic or Acquired Resistance?

Michener Institute, Toronto

Intrinsic Resistance:  Resistance mechanism on original bacterial 
chromosome

Acquired Resistance:  Changes to original genome - bacteria 
becomes resistant

Mutations: original genes altered but no new genes acquired.

Transferable: new genes acquired through plasmids or 
transposable elements.

*Transferable resistance is of IC concern because can pass to 
different bacteria & can spread person to person. 



Example: Gram Negative Bacteria with 
Intrinsic Resistance

Michener Institute, Toronto



Sample 
Microbiology 
Reports…



Lab Result #1



Lab Result #2



Lab Result #3



Lab Result #4



Lab Result #5



Sensitivity: SAUR vs 
MRSA

Staphylococcus aureus Methicillin Resistant Staphylococcus aureus

Michener Institute, Toronto



Key 
Organisms in 
Healthcare
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Global Top 10 Organisms Causing 
Death

GBD 2019 Antimicrobial Resistance Collaborators

Rank Pathogen
All-cause age-standardised mortality 
rate

1 Staphylococcus aureus 14.6

2 E. coli 12.6

3 Streptococcus pneumoniae 11.4

4 Klebsiella pneumoniae 11.4

5 Pseudomonas aeruginosa 7.4 

6 Acinetobacter baumannii 5.8 

7 Enterobacter species 4.2 

8 Group B Streptococcus 4.4 

9 Enterococcus faecalis 2.8 

10 Enterococcus faecium 2.8 

27 Clostridioides difficile 0.4



Prevalent Organisms in Healthcare

Top 15 Healthcare Associated Infection 
(HAI) Pathogens Reported to the National 

Healthcare Safety Network, Adults
2018-2021  

https://www.cdc.gov/nhsn/hai-report/data-tables-adult/table-3.html



CDC: Diseases and Organisms in Healthcare

https://www.cdc.gov/hai/organisms/organisms.html



Antimicrobial Resistant Bacteria & Fungi

https://www.cdc.gov/drugresistance/pdf/covid19-impact-report-508.pdf



Effect of Disinfectants on 
Microorganisms

R^

S*

^Resistant
* Sensitive

Adapted from Rutala et al. ICHE 2014;35(7):862



Candida auris

https://www.cdc.gov/hai/organisms/organisms.html

Clostridioides difficile



Role of the Lab During Outbreak Investigation

https://text.apic.org/toc/microbiology-and-risk-factors-for-transmission/microbiology-basics

• Assist in the identification of an outbreak by confirming 
organism identities, recognizing organism clusters, 
detecting unusual organisms and reviewing antimicrobial 
susceptibility patterns. 

• Retrieve and review archival data to determine 
background rates of organism isolation and help 
determine if an outbreak situation actually exists. 

• Save certain microbes isolated to assist in testing to 
determine if the microbes are the same or related.

• IP should work closely with the laboratory team, 
especially when planning for a potential outbreak. 

• May be part of an interdisciplinary outbreak response 
team

https://www.simonandschuster.ca/books/Outbreak!/Beth-
Skwarecki/9781440596278



Changing 
Dynamics of 
Infectious 
Diseases
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Emerging (EID)  and Re-Emerging (REID) 
Infectious Diseases

EIDs are:
Outbreaks of previously unknown diseases
Known disease that is rapidly increasing in incidence or geographic area in the last 2 
decades
Persistence of infectious diseases that cannot be controlled

REIDs are:
Diseases that reappear after they have been on a significant decline
Re-emergence may happen because of a breakdown in public health measures for 
diseases that were once under control
Can also happen when new strains of known disease-causing organisms appear
Human behavior can affect re-emergence such as the return of vaccine preventable 
diseases. As a result of immunization declines, the global community is at risk for a 
resurgence in vaccine-preventable infections including measles, pertussis, and polio-all 
highly contagious diseases that result in significant morbidity and mortality in children. 

National Institute of Allergy and Infectious Diseases/National Library of Medicine



Most EIDs and REIDs have a 
zoonotic origin, denoting that 

the disease has emerged from an 
animal and crossed the species 

barrier to infect humans

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8780145/

Factors that precipitate 
the occurrence and 
transmission of EIDs 

and REIDs . . . 



https://www.cdc.gov/ncezid/pdf/climate-change-and-infectious-diseases-H.pdf

• These are just some of the infectious diseases 
that are on the rise and spreading to new 
areas of the United States. 

• Milder winters, warmer summers, and fewer 
days of frost make it easier for these and 
other infectious diseases to expand into new 
geographic areas and infect more people.



Recent Examples



Summary

Provided an overview of  different types of 
microorganisms

Provided examples of laboratory reports an IP may see 
how to interpret and reviewed how the LAB and IP 
can work together

Reviewed characteristics of major groups of 
microorganisms along with information on 
identification susceptibility testing

Reviewed HAIs and potential future threats to 
human health- emerging and re-emerging diseases 



RESOURCES

https://secure.apic.org/web/apic/EStore/store.aspx

Digital PDF only $29 for 
APIC Members

Benefits:
Easy to ready & 
search in a table
format.

Inexpensive!

Downside:
Last updated in
2018, doesn’t
include current 
threats (SARS 
CoV-2, Candida 
auris

https://secure.apic.org/web/apic/EStore/store.aspx


RESOURCES

https://secure.apic.org/web/apic/EStore/store.aspx

Digital PDF only $49 for APIC Members

*Published in 2012

My experience: 
Provides very
technical info that
isn’t necessarily 

https://secure.apic.org/web/apic/EStore/store.aspx


RESOURCES

https://apic.org/course/basic-microbiology-for-infection-preventionists/

https://apic.org/course/basic-microbiology-for-infection-preventionists/


Our Team

Vydia Nankoosingh

MLT, CIC

Senior Clinical Advisor

vnankoosingh@solenis.

com

905-391-8337

Rebecca Battjes

MPH, CIC, FAPIC

Senior Clinical Advisor

rbattjes@solenis.com

803-280-1742

mailto:vnankoosingh@solenis.com
mailto:vnankoosingh@solenis.com
mailto:rbattjes@solenis.com


CREDITS: This presentation template was created by Slidesgo, and 
includes icons by Flaticon and infographics & images by Freepik

Thanks!
Questions?

https://bit.ly/3A1uf1Q
http://bit.ly/2TyoMsr
http://bit.ly/2TtBDfr
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