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MICROBIOLOGY & 
TESTING FOR 
ENDOTOXINS



What are Pyrogens?

Pyrogens vs. Endotoxins

ÅFDA looks at them separately

ÅPyrogens = anything that can induce fever

ÅLatin meaning, fire/heat generation

ÅClassified into 2 groups

ÅMicrobial

ÅNon-microbial

ÅHuman body perceives this as threat



Types of Pyrogens
PYROGENS

Non-Microbial
Microbial

Fungi

Bacteria 
(Endotoxins)

Viruses

Drugs (Rx)

Materials 

Steroids



What are Endotoxins?

ÅEndotoxin = Toxins contained within

ÅEndotoxin is a type of microbial pyrogen

ÅCell wall of Gram-negative bacteria 

ÅVery stable, protein structure within the cell wall



Bacteria Background
ÅWhat are Gram-negative bacteria?

ÅClassification of certain kinds of bacteria

ÅEndotoxins not present on all bacteria

ÅBioburden is not a direct correlation to endotoxin



Bacteria Background
ÅWhere does it come from?

ÅTypical sources of Gram negative bacteria for Med Device

ÅDI water systems

ÅWater baths

ÅRinse tanks

ÅWater-based reagents

ÅStagnant water/insufficient drying

ÅHands

ÅPoor Hygiene

ÅSaliva

GASTROINTESTINAL WATER
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bacteria?
ÅSterilization process will render the bacteria “non-viable”

ÅBacteria will still be there, with its endotoxins

ÅEndotoxins from bacteria can still cause a pyrogenic response 
even if the bacteria is dead



How do you test for 
bacterial endotoxins?

ÅHistorical method involved rabbits

ÅEndotoxins cause blood clotting in horseshoe crab
ÅLimulusamebocyte lysate (LAL) test developed

ÅLAL test methods (USP <85> and ANSI/AAMI ST72):

ÅGel-clot method (not recommended)

ÅKinetic turbidimetric method

ÅKinetic chromogenic method



FDA GUIDANCE



FDA Guidance

510(k) Guidance

ÅIssued: January 2016

ÅEffective: March 2016

ÅSupersedes the previous guidance (2002)

To address the presence of bacterial endotoxins, devices that fall under 
the following categories should meet pyrogen limit specifications: 

Å implants;

Ådevices in contact directly or indirectly with the cardiovascular 
system, the lymphatic system, or cerebrospinal fluid, including 
devices that are present for similar systemic exposure; or

Ådevices labeled non-pyrogenic. 



ÅMore specific data required by FDA

ÅALL implants need to be tested

ÅNEW PRODUCTS going through the 510(k) process

ÅEvery batch tested unless supported by justification

ÅRegistered bodies may evaluate during 
scheduled audits for EXISTING PRODUCTS

Impacts on LAL Testing



Endotoxin Limits

Per FDA guidance and USP <161>:

Type of Device/Patient Contact Endotoxin Limit

Contact with cardiovascular system, lymphatic system, 
and similar systemic exposure

20.0 EU/Device

Contact with cerebrospinal fluid (CSF) 2.15 EU/Device

Devices that contact the intraocular environment 0.2 EU/Device

Other limits may apply for pharmaceuticals and other special applications



FDA recommends applying limit to entire system 

ÅNo longer component by component

ÅDelivery devices intended to be used with the implant

ÅMultiple, separately packaged devices from the same
manufacturer

ÅNew and evolving expectations

Impacts on LAL Testing



Material-mediated Pyrogens

Non-pyrogenic labeled products; one-time MMP testing

ÅMight determine it is not required 
for biocompatibility assessment

ÅMight still be required by FDA for 
your non-pyrogenic label claim
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How do you remove it?

Depyrogenation

ÅHigh-heat

ÅAcid
ÅPassivation

ÅAcid-based sterilization processes (e.g. REVOX)

Physical Removal

ÅCleaning

ÅFiltration (mainly for pharmaceuticals, e.g. aseptic-filled 
processes)

ÅDistillation (mainly for pharmaceuticals)



How do you control it?

Wet Processes

ÅUsing a DI water system (validated)
ÅVerify it

ÅRoutinely test it

ÅPurchasing endotoxin-free or non-pyrogenic solutions 
and reagents (including water)

ÅIn-line filters for aqueous solutions

ÅDistillation of solutions

ÅChange/clean water baths/tanks regularly

ÅUtilizing additives to inhibit bacterial growth

ÅSufficient drying methods



How can QTS help?

Mitigate Risk

ÅValidated DI Water System

ÅNon-pyrogenic IPA

ÅLine Clearance/Cleanroom Process Controls

Develop a Plan

ÅRisk Assessment

ÅRoutine Testing

Provide Expertise!



Q&A Session

Connect with QTS:

ü Contact your QTS Account Manager

ü Email: info@qtspackage.com

ü Online: qtspackage.com

ü Phone: 952.942.8321

ü Social Media:

mailto:info@qtspackage.com
http://qtspackage.com/
https://www.linkedin.com/company/quality-tech-services
https://twitter.com/QTSPackage
https://www.facebook.com/qualitytechservices


Resources

ÅFDA: Submission and Review of Sterility Information in 
Premarket Notification (510(k)) Submissions for Devices 
Labeled as Sterile

Åhttps://www.fda.gov/downloads/MedicalDevices/DeviceRegulati
onandGuidance/GuidanceDocuments/ucm109897.pdf

ÅAAMI ST72

Åhttp://my.aami.org/store/detail.aspx?id=ST72-PDF

ÅPhotography/Image Credits

ÅPixabay: https://pixabay.com

ÅClipartFest: https://clipartfest.com

ÅOrthoIllustrated: https://www.orthoillustrated.com
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