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Upon completion of this lecture, the participant will be able to:

1. Explain the mission of the Laboratory Network Response (LRN)

2. Define Sentinel Clinical Laboratory

3. Describe the Responsibilities of the Sentinel Clinical Laboratory

4. Describe the Responsibilities of the State Public Health Laboratory (Reference)

5. Define Biosafety and list what organisms are the greatest risk to Laboratorians.

6. Define risk assessment.

7. Identify at least five most common procedures that create aerosols in the lab

8. Correlate fundamental work practices and containment devices used in each 

Biological Safety Levels 1,2 and 3.

9. Explain the procedure used to safely work under a Biosafety Cabinet.

BIOPREPAREDNESS OBJECTIVES:
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Public Health 
Laboratory

Clinical 
Laboratory

The Laboratory Response Network

CDC
Established in 
1999 by

• CDC
• APHL
• FBI 
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LRN Mission

The LRN is a national security asset that, 
with its partners, will develop, maintain and 
strengthen an integrated domestic and 
international network of laboratories to 
respond quickly to biological, chemical, and 
radiological threats and other high priority 
public health emergencies needs through 
training, rapid testing, timely notification and 
secure messaging of laboratory results.

4



5

LRN Structure

Biological Threats  LRN-B
LRN labs are designated as either national, reference, or 
sentinel. Designation depends on the types of tests a 
laboratory can perform and how it handles infectious agents 
to protect workers and the public.

Chemical Threats  LRN-C
CDC funding supports 62 U.S. states, territories, 
and metropolitan areas through the Public Health 
Emergency Preparedness cooperative 
agreement. Fifty-three laboratories within these 
jurisdictions provide emergency response 
capabilities for their local areas, the nation, or 
both. 
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The Laboratory Response Network
 LRN evolving, increased expectations to mitigate the 

consequences of emerging infectious diseases. 
 Requires enhancing partnerships with greater emphasis 

on reportable diseases at local and state level. 
 Build and maintain strong relationships crucial to 

accomplishing the primary function of the LRN: 
 rapid detection 
 reporting of biohazardous agents 

 Without the prompt rule-out or referral by an Sentinel 
Clinical Laboratory to an LRN Reference Laboratory, 
response to potential hazardous agents would be 
jeopardized. 
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Sentinel Clinical Laboratory Definition
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Role of Sentinel Clinical Laboratories 

 Perform variety of critical tests, provide timely results to 
impact patient care. 

 First interface with patients and the public health system 
 Vital to the surveillance and responses for endemic and 

emerging pathogens, 
 Identification of novel threats ie) pandemic influenza
 Development of appropriate countermeasures ie) vaccines. 

 Work with local and state health departments – Report 
nationally notifiable diseases and other threats 
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Responsibilities of Sentinel Lab

1. Primary responsibility – to Recognize, Rule out or Refer          
2. Become familiar with reportable disease regulations
3. Maintain capability to perform testing (LRN Protocol)
4. Demonstrate annual competency: 
 Laboratory Preparedness Exercise (LPX)
 State-developed challenge sets

5. Incorporate procedures into lab procedure manual
6. Ensure personnel have met the federal regulations for 

packing and shipping of infectious substances 
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Responsibilities of Sentinel Lab
7. Maintain Class II or higher Certified Biological Safety 

Cabinet – utilize BSL3 precautions if necessary
8. Comply with Biosafety Level II (BSL-2) practices as 

outlined in Biosafety in Microbiological and Biomedical 
Laboratories (BMBL) guidelines

9. Comply with applicable Occupational Safety and Health 
Administration (OSHA) regulations for a respiratory 
protection program. 

10.Not required to register with Select Agent Program to 
conduct Rule Out/Refer testing, as long as it complies 
with the rules and regulations of the Select Agent 
Program –

11.Completes CDC Forms 
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Responsibilities of Public Health Lab
1. Maintain a sentinel clinical laboratory database, including 

emergency contact information
2. Provide training/assures access to training, encourage  labs 

maintain competent staff knowledgeable in the LRN protocol
 recognition, rule-out and referral of potential biothreat agents, 
 packaging and shipping of infectious specimens and isolates 

following applicable federal regulations
 chain of custody
 biosafety and risk assessment

3. Utilize real events or develop exercises to assess lab 
capabilities

4. Provide or assures 24/7 availability technical consultation
5. Ensure a robust electronic system for communication of 

routine and emergency alerts and critical information  12



What is Biosafety?
The combination of 
work practices, 
primary containment 
devices, and 
laboratory design to 
reduce the risk of 
laboratory infection 
or release of a 
microbe to the 
environment
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Why is Biosafety Important?

 On the evening of Friday, April 27, 2012, a microbiologist aged 
25 years had onset of headache, fever, neck pain, and 
stiffness. The following morning, April 28, he was transported 
by automobile to the emergency department at hospital A, 
where he was employed in laboratory A as a researcher. While 
on the way to the hospital he lost consciousness. Upon arrival, 
the patient was noted to have a petechial rash, was suspected 
of having meningococcal disease, and was treated with 
ceftriaxone. He later had a respiratory arrest. Attempted 
resuscitation was unsuccessful, and he was declared dead 
approximately 3 hours after his arrival. 

 Was his death preventable????...
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Why is Biosafety Important?
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 CalOSHA, OSHA, and CDPH initiated an investigation. Laboratory A was inspected, and 
employees were interviewed about their training as well as laboratory practices and protocols 
and were asked to demonstrate how procedures were performed. Multiple breaches in 
recommended laboratory safety practices were identified, including manipulation of N. 
meningitidis isolates on an open laboratory bench. The inspection team made 
recommendations for safe handling of N. meningitidis isolates and use of appropriate 
personal protective equipment. Laboratory A microbiologists working with N. meningitidis
isolates had not been offered quadrivalent meningococcal vaccine, as recommended by 
ACIP. At the conclusion of the investigation, OSHA issued three citations classified as 
serious for failure to protect laboratory workers.
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Why is Biosafety Important?



Greatest risk to 
microbiologist:
Brucella spp (641x)*

Neisseria meningitidis (25x)*
Mycobacterium tuberculosis

Salmonella spp
Shigella spp

* Risk of LAI in microbiologists vs general population 17



Biosafety - Prevent LAI 
(Laboratory Acquired Infections)

 We work in a hazardous environment. Don’t become complacent!

 LAI studies show no differences in age, length of employment, years 
of education, etc.

 LAI studies do show  past personnel less likely to be fully training in 
laboratory safety programs, may not think important

 30% employee acknowledged breeching safety regulations
 36% accidents found to occur when employee worked too quickly, 

just before lunch or at end of day
 Only 16% of all LAI are documented
 80% exposure to aerosols is a plausible but unconfirmed source 

of infect
18



Standard Practices Minimize Aerosols
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Procedures That Emit Aerosols

 Catalase*
 Inoculating biochemicals 

or blood culture bottles*
 Pipetting*
 Mixing
 Centrifugation*
 Grinding
 Vortexing*
 Pouring*
 Loading syringes
 Lasers, cell sorters
 Discharging liquid onto 

hard surfaces*

 Manipulation of colonies-
touching  with loop*

 Making slides*
 Splashes*
 Opening lyophilized 

cultures*
 Flaming loops
 Entering or opening 

vessels at non-ambient 
pressures, fermenters, 
freezer vials*
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*Microbiology Tasks in Red
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Protect your eyes and mucous membranes 
against splashes and aerosols!

 Safety glasses?

 Plastic shields?
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Biosafety Resources for the 
Clinical Laboratory

 Guidelines for Safe Work Practices in 
Human and Animal Medical Diagnostic 
Laboratories
 MMWR, supplement/Vol 61, January 6, 

2012
 Biosafety in Microbiological and 

Biomedical Laboratories (BMBL) 
 DHHS/CDC – 5th Edition, Revised 2009
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Key Principles

 Risk Assessment
 Process that enables 

appropriate decisions   
to prevent laboratory -
associated infections

 Containment
 Microbiological practices
 Safety equipment
 Facility safeguards to 

protect from exposure
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Risk Assessment 
NOT the same as IQCP
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Laboratory Biosafety Level Criteria
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Biosafety Level 1

Suitable for work involving well- characterized 
agents not known to cause disease in healthy 
adult humans and of minimal potential hazard
to laboratory personnel and the environment.
Examples:
• Organisms used in high 

school laboratories
• Organisms used for baking 

bread or making wine/beer 
at home
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Biosafety Level 1 ry Barrier)

Practices:
 Sink for hand washing
 Work surfaces easily cleaned
 Bench tops are impervious to water
 Sturdy furniture
 Location - not separated 
 Structure - normal construction
 Ventilation – none
 Protective clothing – lab coat & gloves
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Biosafety Level 2

Suitable for work involving agents 
of moderate potential hazard to personnel 
and the environment. Immunization or 
antibiotic treatment is available
Examples:
- Clinical & Research Laboratory 

- Bloodborne pathogens*
*  Extreme precaution with contaminated needles or 
sharp instruments
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Biosafety Level 2 
Facility Design (Secondary Barriers)

BSL-1 Facilities PLUS:

+ Laboratories have lockable doors
+ Biological safety cabinets installed as needed
+ Adequate illumination
+ Eyewash readily available
+ Air flows into lab without re-circulation to non-

lab areas
+ Location - separated from public areas 
+ Structure - normal construction
+ Ventilation - directional



Biosafety Level 3

Suitable for work with infectious agents 
which may cause serious or potentially 
lethal disease as a result of exposure by the 
inhalation route.
 Exposure potential to pathogens spread by aerosol
 Infection serious, possibly lethal

Examples:  TB labs & Public Health Laboratories
M. tuberculosis
Bacillus anthracis
E. coli O157
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Biosafety Level 3Secondary Barriers)

 BSL-1 and 2 Facilities PLUS:
 Separate building or isolated zone
 Double door entry- some interlocking
 Directional inward airflow- high number of ACPH
 Single-pass air- HEPA filtered out
 Enclosures for aerosol generating equipment
 Room penetrations sealed
 Walls, floors and ceilings are water resistant for 

easy cleaning
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Biosafety Level 3
Safety Equipment (Primary Barriers

BSL-1 and 2 Safety Equipment PLUS:
 Respiratory protection
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BSL-2 Special Practices PLUS:
 Work in certified BSC
 Use bioaerosol-

containing equipment –
Open rotors in BSC!

 Decontaminate spills 
promptly

Biosafety Level 3
Special Practices
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Biosafety Level 3 al Practices

Lab Personnel
+ Strictly follow guidelines
+ Demonstrate proficiency
+ Receive appropriate training
+ Report incidents
+ Participate in medical surveillance
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 Working conducted in a BSL-2 lab with 
biosafety practices and procedures 
typically found at BSL-3 level
 Not recognized containment level
 Not appropriate for pathogens infectious 

via the inhalation route
 Risk assessment required prior to 

implementation
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BSL-2 level using BSL-3 practices



Correctly Donning of PPE
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Correctly Doffing of  PPE
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CLIA and Biosafety
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https://ftp.cdc.gov/pub/CLIAC_meeting_presentations/pdf/Addenda/
cliac0416/8_Salerno_BIOSAFETY_CLIAC_April2016.pdf 
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Correctly Doffing of  PPE

Add contam article from doffing
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Studies show contamination during doffing could be 40-50%



Biological Safety Cabinets

•Open Front
•Exhaust through 
HEPA  filter
•Exhausted air 
returned to work 
area
•Research Only
•No Clinically 
Relevant Organisms

•HEPA filtered 
downward airflow
•2A exhausts air 
into lab
•2B exhausts air 
to outside
•Clinical Labs

Completely enclosed, provides gas-tight containment, accessible 
only through glove ports
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Biosafety Level 2
Safety Equipment (Primary Barriers)

Class II Biosafety Cabinet
Airflow designed

Protect sterility of culture
Protect laboratorian

45



Biological Safety Cabinet
**Do NOT work inside cabinet when BSC is off – NO PROTECTION
**Always run BSC when incinerator on - BURNS OUT HEPA FILTER 
and can contaminate culture plates!
 Load with ONLY supplies needed (NO pipette mounts, racks, shelves) – CLUTTER KILLS 

AIRFLOW!
 Turn on and allow to run for 10-15 min
 Check inward airflow with a piece of tissue
 Place materials well within cabinet, not on front grill
 Place discard pan within cabinet – DO NOT reach outside to discard
 Enter straight into cabinet and perform work in a slow, methodical manner (clean to dirty), no 

sweeping motions
 Watch for disruptions of air flow
 At end of work, package or decontaminate items to be taken out
 Decontaminate interior
 Exit, dispose of contaminated items, remove glove Doff each time exit cabinet, if necessary!!
 Allow cabinet to run for 10-15 m
 Shut off
 UV Light (clean frequently)

 Do NOT leave incinerators on when BSC off
46



When BSC is required
 Procedures that emit aerosols
 Opening centrifuge rotors
 Inoculation of all specimens to culture 

plates/slides, especially Blood/Sputums
 All manipulation of growth on culture plate, if 

GNCB, GNDC or large box car shaped GPR’s 
seen in direct specimen Gram stain.

 Slow Growth @ 24-48hrs
 Rapid Growth, non-hemolytic @12-16 hrs
 All Rule Out/Refer workup
 All Fungal or Mycobacterium 47



What is wrong with this picture? 48



Ultimate Goal – Prevent  LAI 
Laboratory Acquired Infections

 Requirement by OSHA 
 Safety requirements of employer to protect 

employee from blood-borne pathogens
 Universal Precautions
 Work Practice Controls
 Engineering Controls
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Ultimate Goal – Prevent  LAI 
Laboratory Acquired Infections

Safety requirements of employee to protect themselves when 
working with culture plates at the bench

 Wash hands frequently
 Keep hands away from face, cover cuts with bandages
 Avoid use of personal items in lab
 Do NOT sniff plates!
 All fungal workup, including tape preps MUST be performed in 

BSC.  Seal immediately!   
 Use aerosol-tight rotors for all centrifugations – open in BSC  
 Work with potential hazardous organisms in BSC using BSL-3 

practices (respiratory protection)                           

 Watch for trigger points! 50
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Introduction to Rule Out or Refer

51



Upon completion of this lecture, the participant will be able to:

1. Demonstrate current location LRN Sentinel Laboratory Guidelines 
to rule out or refer select agents.

2. Demonstrate use the NPHL & APHL Bench Guide for Hazardous 
Pathogens

3. Correlate physical symptoms, virulence factors, epidemiology with 
clinical laboratory findings to rule out or refer Bacillus anthracis

4. List agencies to contact when agent cannot be ruled out
5. Outline basic requirements for shipping hazardous pathogens 
6. Review requirements of completing APHIS/CDC forms 2,3 or 4       

and Nebraska state’s Reportable Disease Title 173

BIOPREPAREDNESS OBJECTIVES:
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 LRN Sentinel Laboratory Protocol:

 Facilitate rapid detection 
 Use Gram stain, oxidase, catalase, hemolysis, motility,  

β –lactamase, urease tests 
 Protocols designed to “rule in” or “rule out” 
 If sentinel lab cannot rule out, refer all suspicious 

specimens and isolates to the public health laboratory
 Key is to recognize “trigger points” early on

 Timely notification
 Prevent exposure

 Goal is to use BSC when 1st trigger point is recognized

The Laboratory Response Network

53



LNR Sentinel Laboratory Guidelines 

 Formerly maintained by CDC
 Currently managed by American Society of Microbiology 

(ASM); can be found:
 ASM website
 NPHL website
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Quick Guide for Hazardous Pathogens
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APHL Quick Guide
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The CDC Blue Book
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Sentinel Lab Toolbox – NPHL.org
 Nebraska Reportable Disease List 
 LRN Sentinel Laboratory Guidelines @ASM
 NPHL Bench Guide for Hazardous 

Pathogens
 BT media procedures
 Category A and B shipping procedures
 BT Readiness Procedure
 CDC Forms
 Articles and case studies

58
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Shipping Guides – Culture Dependent 
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Shipping Guides – Culture Independent 
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BT Readiness Procedure

 Incorporate into your lab manual
 Know accrediting requirements
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Media and Tests Used for LRN Protocol

 Oxidase
 Tube Catalase
 Indole 
 Beta Lactamase
 Tube Urease
 Tube Motility

 Oxidase – Use grade#1 filter paper, easy to flood 
 Tube Catalase – Slide method NOT recommended
 Optional - Spot Indole now DMACA with cinnamaldehyde; positive is blue 

color, negative is red!
 India Ink & wet prep for motility discontinued by CDC – not recommended 
 Tube motility is semi-solid; can be subjective
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Trigger Points: 
Biosafety Cabinet Required!!

 Rapid growth of NH Gram pos rod
 Poor growth or failure to grow after 

48  hours incubation
 Better growth on Chocolate than on Sheep 

Blood Agar
 GNR – no growth on MacConkey
 Direct Gram stain from sterile site with Gram-

negative diplococci or coccobacilli
64



LRN Sentinel Protocol Start With:
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Case Study 
1 

Scenario



Case Study 1
 A blood culture bottle flags positive at     

8 hours after collection. It is subbed on 
evening shift to Blood, Chocolate and 
MacConkey.

 You are assigned to bloods bench the 
next morning…

71



Case Study 1
 Always review LIS demographics prior 

to opening plates:

72
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Case Study 1

What trigger points do 
you consider?

Sterile body site - symptoms
Rapid growth

Large boxcar shaped rods 
Easily Decolorized

Encapsulated
74
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Case Study 1

What trigger points do 
you consider?

Rapid growth 6 – 8 hours
Colony morphology

Non - hemolytic
Rough, irregular, flat
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Case Study 1

What is the next step?

Work in BCS
Repeat Gram stain

77
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Case Study 1

 Gram stain from culture shows:
 Large gram-positive rods 

(possibly decolorized)
 Subterminal spores may be 

present with NO significant 
swelling of cell

 Number of cells with spores 
increases with age of culture
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Case Study 1
 Colonial morphology of 16-24hr @ 35°C:

 Rapid growth
 Non-hemolytic
 Well isolated colonies are 2-8 mm in diameter
 Flat or slightly convex, irregular edge
 Comma projection, often curly tailing edges -

“Medusa Head”
 Ground glass appearance
 “Sticky” or “Tenacious” 

consistency…stands up like 
beaten egg whites
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According to LRN Protocol, what 
other testing is recommended?

82

 In a biosafety cabinet perform the following:  
Tube Catalase & Tube Motility
 Tube Catalase (Positive)
 Motility 24hr (Negative)



According to LRN Protocol, 
what testing is recommended?

44



APHL Bench Guide

84



B cereus biovar anthracis
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APHL Bench Guide
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Other possible morphologies
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Anthrax- Clinical Presentations:
 Zoonotic disease – cattle, sheep, goats 
 Acquire endospores from contaminated soil
 Three forms of human anthrax occur:

Form Proper Specimens

1. Cutaneous: Vesicles & Eschar
2. Inhalation: Sputum & Blood

 Woolsorter’s disease
3. Gastrointestinal: Stool & Blood

 Oropharyngeal
 Abdominal

88



Anthrax: Cutaneous
 Most common form (95% of naturally 

occurring cases)
 Inoculation of spores under skin when 

handling contaminated hides, wool, 
leather, hair products

 Incubation: hours to 7 days
 Small papule  ulcer surrounded by 

vesicles (24-28h)
 Painless eschar with edema
 Can spread to blood, respiratory distress
 Death 20% untreated; rare if treated <1%
 Rare Person-to-person transmission

Day 2 Vesicle

Day 4:Eschar
89



Anthrax: Gastrointestinal
 Consumption of contaminated 

undercooked meat
 Vomiting, Fever, Abdominal Distress 
 Intestinal eschar similar to 

cutaneous anthrax lesion
 Progression to generalized toxemia
 Mortality rate 25 -60%  despite 

treatment
 Specimen of choice 
 stool & blood

CDC: Intestinal lesion of GI 
anthrax
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Anthrax: Inhalational
 Rare but most lethal form – most likely 

method to be used in biocrime.
 Infective dose 

 Naturally occurring= 8000 - 40,000 spores
 Weaponized =  ??? maybe 10-100 spores

 Incubation period = 1-6 days
 Due to spore dormancy in lungs, incubation prolonged up to 60 days 

post exposure
 Fever, malaise, and fatigue
 Classic Chest X Ray with widened mediastinum
 Abrupt respiratory distress…death <24hrs
 Fatality rates high, even with appropriate antibiotics and supportive 

care.

 NO Person-to-person transmission 
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Amerithax
 2001 anthrax attacks in USA fatality rate was 45%

 Intentional release of spores through US Postal system
 Infected total of 22 people 

 11 cutaneous, 11 inhalational
 Analysis of >350,000 by LRN laboratories
 Analysis of >10,000 environmental samples by CDC involving 4 envelopes, 

106 positive from AMI building, 35 post offices, 7 Washington buildings 
 >100 IES field officers
 32,000 people received prophylaxis, 
 600,000 investigator hours, 10,000 witness interviews, 80 searches, 6000 

pieces of evidence, 5,750 federal grand jury subpoenas, environmental 
samples from 60 sites

 Lesson learned – Majority of negative specimens sent to 
SPHL were hemolytic and/or motile.  

 Rule out or Refer guidelines avoid costly molecular and 
antibody-based testing 92



 Large, Aerobic Gram positive rods
 Rapidly growth, “ground-glass” colonies on SBA
 Non-hemolytic
 Tube Motility Negative 
 Tube Catalase positive 
 Wet prep & India Ink no longer recommended by 

LRN
 If Bacillus anthracis can’t be ruled out,      

refer to NPHL  

Summary of B.anthracis Characteristics



 Both Gram stain and colony morphology can be 
used to rule out 

Rule Out by Morphology Alone?



 Recommend having a Gram stain reference set available  

Gram Stain Comparisons



Mimic’s to B anthracis
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Bacillus anthracis – sterne



Mimic’s to B anthracis

97Bacillus anthracis – sterne



Case Study 1 Resources
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Who Do You Call?

 Follow Laboratory Policy – notify 
supervisor immediately

 Nebraska Public Health Laboratory
 Attending Physician
 Infection Control
 Infectious Disease Physicians
 County Health Department
 State Epidemiologist
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Properly Package & Ship to NPHL
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Why are shipping 
regulations Important?

 It’s Federal law!  49 CFR part  171-178
 Comply with state regulations
 Safety – in case of leakage during transport, 

proper labels and documentation provide 
information that can be used for safe and 
effective cleanup.

 Failure to comply in all respects may be in 
breach, subject to legal penalties
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Packaging & Shipping 
Division 6.2

102



Triple Packaging Required

 Certified Shipping 
Package
 Primary watertight 

receptacle
 Secondary watertight 

receptacle
 Rigid outer packaging
 Proper Paperwork
 Proper ERI

103
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Category A
Shipper
Declaration
• Edit-Check 

Software

• Keep 
Records 
for 2 years
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Example of 
Shipping 
paperwork 
for ground 
transport of 
Category A
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Category A Emergency Response Information*

*Ground Only



Reportable Disease Requirements
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 State of Nebraska law on Reporting of 
Communicable Diseases, Title 173, requires all 
laboratories to submit specific organisms to the 
NPHL for possible additional testing:



APHIS/CDC Forms 
Electronic – Fillable Forms:

 Form 4 – Report of Identification of Select 
Agent from diagnostic specimen (report 
within 24h to CDC)

 Form 3 – Report of Theft, Loss or Release 
of Select Agent (Exposure)

 Form 2 – Only initiated by NPHL to 
transfer Confirmed Select Agent

108



APHIS/CDC Forms Electronic – Fillable:
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Rule Out or Refer of Gram Negative Pathogens
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Upon completion of this lecture, the participant will be able to:

1. Correlate the physical symptoms, virulence factors, epidemiology 
with clinical laboratory findings to rule out or refer select agents 
Brucella spp., Burkholderia ssp., Francisella tularensis and 
Yersinia pestis.

2. List agencies to contact when agent cannot be ruled out.
3. List other hazardous organisms not considered select agents
4. Explain biohazard risks of performing RIDT
5. Describe why novel pathogens emerge

BIOPREPAREDNESS OBJECTIVES:
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Case Study 
2 

Scenario



Case Study 2
 Always review LIS demographics prior 

to opening plates:
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Case Study 2

 At 48 hours there is tiny growth on the 
BAP and Choc

 What are the trigger points?
 NOS seen on direct Gram
 Slow growth

 Next step? 
 BSC
 Re-Gram

114
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116Gram negative rods                        Gram negative coccobacilli

Which Gram Negative Group??



Case Study 2

According to LRN Protocol, what testing 
is recommended?
 In a biosafety cabinet perform the 

following:
 Oxidase (Negative)
 Catalase (Weak Positive)

117



Case Study 2

118
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Optional Testing for Francisella

 Requires Cysteine (growth on Choc only)
 May grow on SBA if supplemented
 Not required - X & V factors (differentiates from 

Haemophilus spp)



Francisella tularensis

Tularemia (Rabbit Fever)
 Exposure in the environment

 Handling tissue from infected animal 
 Inhalation of infected aerosols – rabbits & lawn movers
 Bite of contaminated arthropod – ticks and fleas
 Bite of contaminated animal – cat
 Eating or drinking contaminated food or water

 Infective dose: 10-50 organisms  Very low!
 Incubation period: 1-21 days (average 3-5 days)
 Duration of illness: ~2 weeks
 NOT contagious person-to-person
 Mortality –

 Treated: low   
 Untreated: moderate 120



Francisella tularensis:

 Forms of Tularemia
 ulceroglandular (from bites, scratches, handling infected 

carcasses)

 glandular (perhaps via micro abrasions) 

 oculoglandular (direct contamination via eye) 

 oropharyngeal (from ingesting infected meat, water, etc.) 

 pneumonic (organisms are inhaled) 

 typhoidal and septic (used to describe systemic disease 
without lesions or lymphadenitis

121



Francisella tularensis:

 Hunters/Trappers – infected carcasses
 Transmission via infected arthropods

 Ticks
 Dear Flies

 Domestic Pets
 Occupational hazard

 Laboratory
 Farmers 
 Veterinarians
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Case Study 2 Resources
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Case Study 
3 

Scenario



Case Study 3
 Always review LIS demographics prior to 

opening plates:
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Case Study 3

 BAP and Choc show a haze of growth at 48 
hours ( 6th day of original Blood culture)
 Gram stain: tiny gram-negative coccobacilli

 What are the trigger points? 
 Sterile site
 Very slow grower
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Prepare Gram stain in a biosafety cabinet!! 



Case Study 3

According to LRN Protocol, what 
testing is recommended?
 In a biosafety cabinet perform the 

following:
 Oxidase (Positive)
 Catalase (Positive)
 Urease – Rapid Positive

128



Case Study 3

129
Observe rapid urease @15 minutes, 2 hours, 24 hr



Brucella species
Brucellosis

 Exposure to infected animals
o Cattle, swine, goats, sheep, dogs 
o Ingestion of unpasteurized milk products
o Inhalation of aersols

 Incubation period: 5 days - > 6 months
 Duration of illness: weeks to months
 Infective dose:10 - 100 organisms
 Flu like symptoms with fever, fatigue, anorexia, arthritis
 Direct contact with NO person-to-person transmission
 Mortality: <5%
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Etiologic Agents

The etiologic agents of human brucellosis belong to the 
Brucella genus. The following is a list of species and the 
animals they commonly infect:   

Species Animal 

B. abortus                  cattle 

B. melitensis             sheep, goats and camel 

B. suis                        pigs 

B. canis (rare)           dogs 



Brucellosis:
 Most commonly isolated from:

 Blood or bone marrow (from iliac crest) collected 
during a fever episode. 

 Spleen, liver, lymph nodes, joint fluid or abscesses are 
occasionally sources of Brucella ssp.

 Extended incubation period?
 Automated systems misidentified as

 Haemophilus influenzae
 Oligella ureolytica
 Pschrobacter (Morexella) pyruvica
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Case 
Study 3 
Resources

133
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Case Study 
4 

Scenario



Case Study 4
 Always review LIS demographics prior 

to opening plates:
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Case Study 4 - Gram stain
 Plump, Gram 

negative rods
 Classic 

morphology is 
bipolar or “safety-
pin” ONLY IF in 
Wright-Giemsa, 
subjective in 
Gram stain
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Case Study 4 - Direct Culture 
Growth on Agar Plate:
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LRN Sentinel Protocol Start With:
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 Slow Growth ? 
 Oxidase (-)
 Indole (-)
 Fits Enterobacteriaceae pattern?

Case Study 4

Are there any trigger points?
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 May be placed on the Commercial ID Systems 
 Biochemically inert nature of organism
 May be mis-identified as:

 Shigella ssp
 H2S-negative Salmonella
 Acinetobacter
 Y. pseudotuberculosis
 Y. enterocolitica

Hard to recognize – Y pestis
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If you recognize morphology:
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Sterile Sites - Question ID from 
Commercial ID Systems
 Misidentified as Y pseudotuberculosis
 How to know when to question ID ??

 Source

 Perform Rule Out or Refer
 Confirm by 2nd methodology if available

 API or Rapid NH System (set in BSC)
 Consider sending to NPHL
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Yersinia pestis

 Grows equally at 25 & 35°C (most enteric’s
will NOT  grow at 25°C)

 Gray-white translucent colonies on BAP
 Colonies are irregular:

 Hammered copper, shiny surface – 48 hr
 Fried egg after 48-72 hr
 Not reliable – probably have tried to ID by then
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Yersinia pestis

 Specimen selection is important
 Bubonic  

 Bubo - lymph node aspirate
 Systemic - blood - organisms may be 

intermittent. Take three specimens 10-30 
minutes apart

 Pneumonic 
 Sputum/throat 
 Bronchial washings
 Transtracheal aspirate
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Yersinia pestis

 Zoonotic Disease
 Transmission by bites from infected 

rodent fleas
 Domestic cats & dogs
 Ground squirrel 
 Prairie dogs in NE

 Distribution in USA
 4 Corners Region
 California, Oregon
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Yersinia pestis
Plaque (Black Death)

 Exposure to fleas
 Bite of infected flea
 Contact with infected animal
 Inhalation of infected droplets

 Infective dose: 100-500 organisms  Very low!
 Incubation period: 2-6 days 
 Bubonic (Lymph Node) or Pneumonic
 Highly Contagious

 Human to Human
Transmission

 Mortality 
 40-60% if untreated
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History of Plaque
 Plague has been described since biblical times. 

 Middle Ages – "The Black Death" due to the black 
extremities 
 Killed over 25 million people, one-third the population of Europe. 
 Disease struck and killed people with terrible speed. 
 The Italian writer Boccaccio said its victims often "ate lunch with 

their friends but dinner with their ancestors in paradise." 
 Ring Around the Rosie

 In recent centuries, plague pandemics have swept across 
China to the Americas, Africa, and other parts of Asia. As 
recently as the early 1900s, India had over 10 million 
deaths from plague and Vietnam battled  an epidemic into 
the 1970’s. 147



Plague New Mexico 2011
 GNR isolated from blood culture, forwarded 

to commercial laboratory, where identified 
as P. luteola (Vitek2)

 Same lab tested blood isolate from different 
day as Y. pseudotuberculosis (Vitek2)

 Clinical microbiologist suspicious of 
discrepancies & called public health lab

 Y. pestis identified by DFA testing, 
confirmed by bacteriophage lysis,  2 weeks 
after initial presentation. 148



Plague in Colorado  2015
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Other 
Select 
Agents



BURKHOLDERIA PSEUDOMALLEI

 Melioidosis 
 Presentation varies from rapidly fatal, focal 

abscess to asymptomatic

 Naturally occurring in water & soil of 
tropical regions

 Direct contact from environment
 Endemic & prominent tropical 

disease in Southeast Asia, 
Australia, Central America 
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BURKHOLDERIA PSEUDOMALLEI
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BURKHOLDERIA PSEUDOMALLEI

 Many cases of melioidosis occurred in 
American soldiers during the Vietnam War. 

 The disease, which can reactivate up to 20 
years after the first infection, has been 
seen in veterans of that war, years after 
their service. 

 Emerging pathogen 
 Laboratory Exposure – Sputum of 8 year old 

with cystic fibrosis in RI
153



154Direct Gram Stain

BURKHOLDERIA PSEUDOMALLEI
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MacConkey Plate
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Trigger Points?
 Gram Negative Rod - bipolar
 Slow growth
 Variable on MacConkeys
 Oxidase Positive & Indole Negative
 Distinctive musty or earth odor
 Never Intentionally Smell (Sniff) 

Culture Plates
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Dry wrinkled colony after 72 hours – resembles Ps stutzeri



BURKHOLDERIA MALLEI
 Glanders – Germans used as weapon WW I
 Highly Communicable disease of livestock –

horses, mules, donkeys
 Enzootic in North Africa, Middle East, 

Central/South America, Asia
 Clinical Manifestations

 Localized cutaneous
 Pulmonary
 Septicemia
 Chronic

 Fatality Rate  95% if Untreated 158
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Growth on MacConkey variable – No growth 
or very small after 72 hours.
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Rule Out/Refer in the 
New Age of Microbiology

Next Generation Sequencing
Matrix-assisted laser desorption ionization time-

of-flight mass spectrometry, (MALDI-TOF MS)
Multi-plex PCR (BioFire)

Trigger Points still apply
1. Coordinate direct Gram stain w colony morph
2. All rapid/slow growth (>24hr) = Gram in BSC
3. Rule out/refer
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Other 
Hazardous 

Agents



Neisseria meningitidis

162

 GNDC in single or pairs on 
CSF/Blood direct specimen 
stain, may be intracellular. 
Gray, smooth, convex, 
glistening colonies seen   
at 24hr 

 Recommend working up all 
Gram negative diplococci 
and coccobacilli from 
sterile sites in Biological 
Safety Cabinet
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Mycobacterium tuberculosis 

 Mycobacteria (TB complex) requires       
2-6 wk incubation on complex media 
(such as Lowenstein-Jensen) or NAAT 
testing 

 Required workup in BSL-3
 But what about routine sputum culture 

and Gram stain?
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Other Unusual Pathogens

165
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Emerging and Resurging  Pathogens
How new pathogens emerge: 
 Changing ecosystems 
 Change in food production techniques 
 Evolution of medical devices and care 
 Long term survival of immunosuppressed 
 Pathogens detected because of new technology 
 Misuse of organisms – Biocrime/Bioterrorism
 Organism evolution as a result of human 

intervention - Antibiotic pressure 
 Organisms that jump species barriers 
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Novel Influenza Viruses
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Novel Influenza Viruses

 Orthomyxoviridae family – RNA 
 Influenza Types A, B, C (rare)

 Envelope proteins – responsible for 
attachment to host cells
 Hemagglutinin (H)
 Neuraminidase (N)

 New strains emerge as result of:
 point mutations (antigenic drift)
 reassortment of H and N (antigenic shift)
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Influenza Pandemic Plan
 Surveillance programs monitor for 

emerging novel strains

 DHHS developed influenza pandemic 
plan
 Outlines testing and biosafety requirements

 Classified as Category C agent until 
morbidity and mortality known

170



Laboratory Safety Considerations

 RIDT (Rapid Influenza Detection Test)
 Poor sensitivity 
 Discouraged for:

 Novel strains until performance characteristics 
established

 Established strains if local influenza activity 
absent or sporadic

 Nasopharyngeal swab, aspirate or wash
 BSL-2 using Class II biological safety 

cabinet
171



An Example of Aerosolization

 Rapid Influenza Detection 
Testing (RIDT)

 Many hospital labs and 
physician offices have 
space constraints that limit 
implementation of CDC 
guidelines: 
“Influenza testing is at    
BSL-2, recommends use of 
Biological Safety Cabinets”    
or Splash Guards  
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Ebola Virus Testing in Clinical Lab

 High 
Consequence
 Risk group 4

 Transport 
 Use Kit when 

sending to NPHL 
or in-house

 In-house testing
 Enhanced PPE –
 Risk Assessment 173

BSL-3 practices in BSL-2
First!



TRANSPORT KIT
Inside Contents:
 Category A system
 Biohazard bag/ adsorbent 
 Frozen Gelpaks
 Secure Cable Ties
Folder:

 Procedure
 Contact Info
 Map & Directions
 Chain of Custody 
 DOT Emergency 

Response Information 174



Transport Kit Components
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Summary

 Don’t become complacent - Biosafety
 Always “think” trigger points
 Use Biosafety Cabinet with BSL-3 

precautions at the first sign of suspicion
 Discontinue workup if NOT ruled out
 Notify appropriate personnel
 Prevent open bench exposures
 Practice, Practice, Practice
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LRN Protocol

 Proficiency Training – Spring/Fall
 Exercise tasks required in real event

 Rule out/Refer
 Notify NPHL
 Ship to NPHL

 Category A
 Shippers Declaration

 CDC Forms 
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Additional Resources
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Additional Resources

180http://www.nphl.org
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