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Administrivia: Webinar info, Continuing Ed credits, etc.

• Webinar will be recorded – posting details to follow

• P.A.C.E. credits offered for those attending the live version of the presentation

• The Minnesota Department of Health is approved as a provider of continuing education 
programs in the clinical laboratory sciences by the ASCLS P.A.C.E. ® Program.

• Emailed detailed forthcoming later this week to those who indicated interest in P.A.C.E.

• Please put questions about the webinar content in the Q&A – staff will be 
monitoring.

• Questions about the webinar itself (registration issues, etc.) can go in the chat.



No conflicts of interests to declare

• We will not be discussing specific commercial therapeutic 
interventions.

• We are not being supported (financially or otherwise) by any 
pharmaceutical, device, or other business/manufacturer/group 
with vested interests in these subjects.

• Opinions stated here are our own professional statements and 
may not directly represent those of the State of Minnesota or 
the Minnesota Department of Health.



Course 
Objectives

• Discuss the rise in human and animal cases of 
tularemia in Minnesota over the past three years

• Describe the sentinel laboratory testing 
algorithm for ruling out F. tularensis

• Identify the biosafety concerns for laboratorians 
when working with potential Francisella 
tularensis specimens



Tularemia in Minnesota

Maria Bye, MPH | Senior Epidemiologist
maria.bye@state.mn.us

651-201-4575

mailto:maria.bye@state.mn.us


Francisella tularensis

• Tier 1 Select Agent

• Many countries researched or stockpiled it as a bioweapon

• One of most pathogenic bacteria known

• Infectious dose of 10 organisms

• Persists in the environment

Presenter Notes
Presentation Notes
Francisella tularensis, is a gram-negative cock-obacillus. It is a Tier 1 Select agent, meaning that it is among biological agents that present the greatest risk of deliberate misuse. It has been researched as a potential bioweapon in the past by the US, Russia, Japan, Britain, and likely others.  In the 1950’s and 60’s, The Soviet Union and the US stockpiled it as a bioweapon. 

One reason for this is that F. tularensis is one of the most pathogenic bacterium known: being exposed to only 10 organisms can cause disease in humans.  In 1958, four men were intentionally exposed to only 14-18 aerosolized bacteria and all became ill with pneumonic tularemia.

Francisella can also survive in the water, soil, and decaying animal carcasses for an extended period of time. 



Global Distribution

Source: Anders Johansson, Umeå University, Umeå, Sweden and de Carvalho et al., 2007

Presenter Notes
Presentation Notes
Tularemia has a wide geographical distribution. The disease is found throughout the Northern Hemisphere and is starting to creep south as well. 




Tularemia is most common in the central US

Average annual tularemia incidence, by race — 
United States, 2011–2022

Source: https://www.cdc.gov/mmwr/volumes/73/wr/mm735152a1.htm

Presenter Notes
Presentation Notes
Approximately 200 cases are reported in the US every year. Tualremia cases increased 60% in the decade between 2011-2022 from the previous decade. It has been reported in every state except for Hawaii. Four central states—Arkansas, Kansas, Missouri, and Oklahoma– report half of all cases. Martha’s Vineyard ni Massachusetts is also a high density area, and along the west coast. However, you can see that we do get cases here in Minnesota.



Human and animal tularemia cases 
have been reported from all over 
the state in the past 10 years



The Twin Cities metro has hot spots



Tularemia routes 
of exposure

Presenter Notes
Presentation Notes
F. tularensis has a wide range of ways to infect its hosts. A person can get sick by ingesting contaminated water or tissues from an infected animal. The bacteria can become aerosolized and enter the body via inhalation. This can happen by mowing over an animal,  soil disruption, grinding up of infected carcasses, or hissing of infected cats. The bacteria can enter the skin through contact with mucous membranes and broken skin. Arthropod vectors are the most common mode of transmission in the United States. Several tick species can transmit the bacteria, but in Minnesota, the primary vector is the American dog tick. The deer fly is the most common biting fly involved in tularemia transmission in the US but mosquitos and fleas can also carry and transmit the bacteria.






Tularemia routes 
of exposure

Presenter Notes
Presentation Notes
Due to the low infectious dose and ease of aerosolization, Francisella is a risk to laboratorians. Eric will talk more about that later.






Occupational exposure with F. 
tularensis is “an accident which 
seems…to befall practically all 

laboratory workers who attempt 
the cultivation”

-Medical Research Council of England, 1922

Presenter Notes
Presentation Notes
Having unexpected positive F. tularensis cultures can lead to lab exposures. I love this quotation from the Medical Research Council of England in 1922. It really emphasizes the pathogenicity of the bacteria. Eric will talk more about that later.






Tularemia Transmission Routes, Human Cases, 
MN, 2004-2025*
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*Data are preliminary as data collection is ongoing



More than 
200 species 

can be 
infected

Wild and 
domestic

Ticks 
maintain 
and are 

reservoirs

Presenter Notes
Presentation Notes
More than 200 animal species, both wild and domestic can be infected with tularemia. These range from birds to amphibians to reptiles to fish. Tularemia outbreaks in humans have been associated with animals like pheasants and non-human primates. Raptors, quails, marmosets, mink, horses, beluga whales, and harbor seals have all tested positive for the disease. However, the primary wild animals are of course rabbits and rodents. Ticks maintain the bacteria in populations and also act as reservoirs. Cats are the primary domestic species we think of getting tularemia, but we’ve also had dogs test positive in Minnesota the past few years.�



F. tularensis tularensis 
(Type A)

More pathogenic

Image from: Dinc, Gokcen & Demiraslan, Hayati & Doganay, Mehmet. (2017). Unexpected Risks for Campers and Hikers: Tick-Borne 
Infections. International Journal of Travel Medicine and Global Health. 5. 5-13. 10.15171/ijtmgh.2017.02. 

F. Tularensis holarctica
(Type B)

Presenter Notes
Presentation Notes
There are two Francisella subspecies of note: Subspecies tularensis, which was traditionally called Type A, circulates in a terrestrial cycle between small mammals like rabbits, ticks, and deerflies. This subspecies is found mainly in North America and is considered the most virulent subspecies. In contrast, subspecies holarctica, previously called Type B, is perpetuated in an aquatic cycle, with semi-aquatic rodents like muskrats or voles, as reservoirs. You can see why historically it was known as rabbit fever and deerfly fever.



Tularemia is seasonal

• Most common in May—September

• Increase in insect bites/outdoor 
activities

• Animal contact can occur year-round

Source: CDC Tularemia Surveillance Statistics

Tularemia month of onset, 2001‒2023

Presenter Notes
Presentation Notes
Nationally, tularemia cases are most common in May through September, shown in the graph on the right. This is because people are more likely to be outside, so are more likely to get insect bites or have contact with animals. But of course, contact with animals can happen year-round. ��About 5 minutes.



There are six defined clinical forms, all often including fever

Oropharyngeal
Sore throat, mouth ulcers +  

swelling of neck lymph nodes 

Pneumonic
Cough, chest pain, 
difficulty breathing

Ulceroglandular
Skin ulcer + swelling of 
regional lymph nodes

Glandular
Swelling of regional lymph 

nodes

Typhoidal
Generalized symptoms

Oculoglandular
Eye inflammation + swelling 

of regional lymph nodes 

Presenter Notes
Presentation Notes
Symptoms of tularemia typically appear 3-5 days after exposure. There are six defined clinical forms of the disease. All forms usually include a fever, which could hit as high as 104 degrees. Other non-specific signs include chills, joint pains, and headache. The clinical form of the disease is tightly tied to how someone is exposed. For instance, if someone gets tularemia from an insect or animal bite, they may develop ulceroglandular or glandular tularemia, with swelling of the regional lymph nodes. If they are exposed via their eye, they will likely get oculoglandular tularemia, and if they eat contaminated material, they could get oropharyngeal.  If they breathe in the bacteria ,they will get pneumonic tularemia. A person could develop typhoidal tularemia after any kind of exposure. There have been increasingly recognized focal infections like meningitis, endocarditis, and septic arthritis.



Infection Prevention and Control

• Standard precautions

• No person-to-person transmission

• Isolation is not recommended

Presenter Notes
Presentation Notes
When examining a patient with tularemia, standard precautions are sufficient since there is no person-to-person transmission. Likewise, isolation is not recommended. Standard disinfection practices can be used. 





Treatment

Age Category Drug Dosage Maximum Duration 
(Days)

Adults Gentamicin*§ 5 mg/kg IM or IV daily (with 
desired peak serum levels of at 
least 5 mcg/mL)

Monitor serum drug levels 10 – 14

Ciprofloxacin* 400 mg IV or 500 mg PO twice daily N/A 10 – 14

Doxycycline 100 mg IV or PO twice daily N/A 14 – 21
Children Gentamicin*§ 2.5 mg/kg IM or IV 3 times daily** Monitor serum drug levels and 

consult a pediatric infectious 
disease specialist

10 – 14

Ciprofloxacin* 15 mg/kg IV or PO twice daily 800 mg per day 10 – 14
Doxycycline 2.2 mg/kg IV or PO twice daily 100 mg IV or PO twice daily 14 – 21

*Not a U.S. FDA-approved use but has been used successfully to treat patients with tularemia.
**Once-daily dosing could be considered in consultation with a pediatric infectious disease specialist and a pharmacist
§Gentamicin is preferred for treatment of severe tularemia. Dose should be adjusted for renal insufficiency

Source: CDC Tularemia Treatment Guidelines

Adults

Adults

Children

Children

Presenter Notes
Presentation Notes
If you see a confirmed or suspected tularemia case, gentamicin, cipro, and doxy are the treatment options. Gentamicin is the preferred option for treatment of severe tularemia. I’ll give you a second to look at the chart.



Annual Number of Tularemia Cases, 2004‒2025*

*Data are preliminary as data collection is ongoing
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Annual Number of Tularemia Cases, 2004‒2025*

Presenter Notes
Presentation Notes
Just to put



2025 Exposures



Tularemia cases, 2005-2025

53% male

Median age 45-years-old 
(range, 1-91)

72% hospitalized

Median hospitalization: 5 days 
(range, 1-14 days)



Forms of Tularemia in Humans, MN, 2004-2025*
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*Data are preliminary as data collection is ongoing



2025 Clinical Forms

Oropharyngeal

TyphoidalPneumonicUlceroglandular

Glandular

3 3 2

1 1

Presenter Notes
Presentation Notes
Talk about exposures



Ulceroglandular tularemia

7/27/25 7/30/25 8/4/25



Testing methodologies

Culture-
confirmed
2 cat bite wounds

2 lymph node

2 blood culture

1 tick bite wound

Serology

1 IgG+/IgM-

1 IgM +/ IgG-

1 IgG+/ IgM+

Karius

1 Karius positive



Human Tularemia Cases, 2004‒2025*

*Data are preliminary as data collection is ongoing

 




























Presenter Notes
Presentation Notes
Before 2024, we had only had two other pneumonic tularemia cases, shown here in blue, one in 2017 and one in 2018. You’ll see that in addition to the pneumonic case we had this year, we identified four pneumonic cases in 2024.



Recent pneumonic cases

• Seven pneumonic cases identified 
2024-2025

• F. tularensis identified in blood 
cultures, pericardial fluid, and lung 
lymph nodes

• Most looked like community-acquired 
pneumonia

Presenter Notes
Presentation Notes
Of these five pneumonic cases, four were diagnosed through positive blood cultures and one through positive pericardial fluid. At  the time of positive culture, tularemia was not on the differential for any of the cases. Most looked like any other community-acquired pneumonia. 



An excuse not to do yard work?

Presenter Notes
Presentation Notes
All pneumonic tularemia cases were exposed through landscaping or mowing the lawn. You’ll see here pictures of animal carcasses MDH staff found while doing site investigations at the exposure site for a couple of the cases. This is a subtle exposure that cases may not be aware of, and provider likely wouldn’t think to ask about.



Francisella tularensis: the Laboratory Side of Tularemia

Aaron Barnes, MD, PhD | EPR Lab Supervisor



Francisella tularensis - General

Subspecies Locations Common Hosts Virulence
(relative) Notes

F.t. tularensis
(Type A)

N. America Rabbits, other 
rodents

High

F.t. holartica
(Type B)

Europe, Asia, N. America Widespread Medium-High Associated with aquatic 
environments

F.t. mediastica Central Asia, Russia Various small 
mammals

Medium-Low Poorly studied; no definitive 
human cases identified to 
date

F. novicida N. America (mostly western 
U.S.)

Widespread Low



F. Tularensis – Testing at MDH-PHL

RT-PCR #1
Francisella spp.

Culture

DFA

~4 hrs

1-3 days

1 day

~4 hrsRT-PCR #2
Sub-speciation 

WB

Typical source: isolated colony

Tissue



Francisella tularensis – Culture

F. tularensis requires cysteine supplementation; 
poor growth on SBA; no growth on MAC/EMB

24 hour growth:

• Little to no growth
• Tiny, pinpoint colonies

48 hour growth:

• White to grey / bluish grey
• Opaque
• Flat colonies with smooth edges
• 1-2 mm diameter

48 hours



Francisella tularensis – Cell morphology

• Pleomorphic, Gram negative coccobacilli

• Extremely tiny

• 0.2-0.5 μm x 0.5-0.7 μm

• Poorly staining

• Can appear Gram variable

• Can look like Brucella spp.



Francisella tularensis – Biochemical Tests

Test Result

Oxidase Negative

Catalase Weak positive*

Motility Negative

Nitrate Negative

Urea Negative

β-lactamase Positive

• Misidentification using automated detection systems 
is common so classic biochemical testing is 
preferred. 

• Vitek NHI panel may identify as:
• Aggregatibacter spp.
• Haemophilus influenza

• Bruker MALDI
• Typically, no ID:
• Oligella spp or Psychrobacter spp have 

been reported.

• If F. tularensis is suspected, do not perform testing 
using automated systems

• Aerosol generating potential

* Catalase can appear negative



Francisella tularensis 

When to refer an isolate to MDH for rule-out:

• Biochemical tests:
• Oxidase, urease, nitrate negative
• β-lactamase positive

• Gram stain:
• Gram negative coccobacilli
• Faintly staining
• Very tiny

• Colony morphology (Chocolate agar):
• Small, shiny, gray colonies
• Flat colonies with smooth edges
• Slow growing (48 hours for visible growth)



F. tularensis – MDH-PHL: Culture

F. tularensis on CHAB media, 48 hrs post-inoculation

CDC PHIL: 12510

CDC PHIL: 12439

F. tularensis on CHOC media, 48 hrs 
post-inoculation

CDC PHIL: 11762

BCYE

Poor or no growth
• SBA / blood agar
• MAC
• EMB

Presenter Notes
Presentation Notes
CHAB: Cysteine Heart Agar w/ sheep’s Blood (~9%)
Note the shiny, green color of the raised colonies




F. tularensis – MDH-PHL: Microscopy

Direct fluorescent antibody (DFA) 
labeling of F. tularensis highlighting 
the coccobacillary morphology

(polyclonal antibody; FITC; mag: 1,000Χ)

CDC PHIL: 1905

Presenter Notes
Presentation Notes
CHAB: Cysteine Heart Agar w/ sheep’s Blood (~9%)
Note the shiny, green color of the raised colonies




Differentiating F. tularensis from other similar Gram-
negative bacteria

Test F. tularensis Brucella spp. Haemophilus spp. P. multocida

Oxidase - + variable +
Urease - + variable -
Morphology Very tiny CCB Tiny CCB Small CCB Small CCB

Specimen source Almost any Blood, bone 
marrow Blood, CSF, other Wound, blood, 

respiratory

Motility - - - -
Factors X or V 
requirement? - - + -
Cysteine requirement? + - - -



F. tularensis: Other testing

• Serology: Collect at least 14 days after illness onset

• IgM and IgG often rise concurrently

• Widely available at commercial labs

• Variable clinical utility

• Not useful as test-for-cure

• False positives, due to non-specific binding and cross-reactivity 
(especially to Brucella)

• Future testing : metagenomic sequencing / pathogen-
agnostic testing Koskela and Hevra, Infect Immun (1982)

Presenter Notes
Presentation Notes
What tests should be done for tualremia? Serology is one option, but like many serologic tests, there are many nuances. Serology is ideally collected at least two weeks after illness onset because antibodies are not detectable until 2-3 weeks after osnet. IgM and IgG usually rise at the same time, and the once increased, both IgM and IgG may remain elevated for an extended time, maybe even several years. Because of that, serology is not helpful for testing for cure. Positive serologic tests should be interpreted in the context of a compatible clinical illness and exposure. 

False positive results by serologic testing can occur for many diseases, including tularemia. Non-specific antibody binding can lead to false positives by serologic testing. F. tularensis serologic tests may also cross-react with antibodies to some other bacteria, including Brucella.��In addition to that, F. tularensis can be isolated from clinical specimens including scrapings of ulcers, conjunctival swabs, lymph node aspirates or biopsies, blood or respiratory specimens (e.g. pleural fluid), depending on the form of illness. The Minnesota Department of Health also has a Laboratory Response Network PCR available. And, we have seen an increase in tularemia cases identified through new testing methods, like Karius or 16S broad spectrum sequencing.







F. tularensis – Antimicrobial susceptibility testing

• AST
• Susceptible to Gent, Cipro, Doxy
• Β-lactams not used

• FTU-1: a class A beta-lactamase
• Natural changes in resistance patterns

are functionally non-existent
• In rare occasions, AST can be done (but

not at the local level)

Presenter Notes
Presentation Notes
Gentamicin preferred for severe tularemia
Tularemia meningitis generally requires combination therapy: ID needs to be involved

Francisella does not have naturally occurring plasmids, dramatically limiting antimicrobial resistance changes




Biosafety

Eric Lundquist | Biosafety Coordinator



Risk Assessment

• “The process of evaluating risks that arise from agent 
and laboratory hazards, taking into account the 
adequacy of existing controls, prioritizing those risks, 
and deciding if the risks are acceptable.”

~Biosafety in Microbiological and Biomedical Laboratories (BMBL): 6th Edition

8/26/2025 health.state.mn.us 45



Who Does Risk Assessments?

• Ideally, a multidisciplinary 
team
• Laboratory staff
• Infection Preventionists
• Management/supervisors
• Health and safety 

specialists (biosafety, 
occupational health…)

• Facility staff

46



Hazard Analysis Worksheet

47



Hazard Analysis Worksheet

“Are there sufficient 
mitigations in place to 
minimize the risk of all 
identified hazards to an 
acceptable level?”

8/26/2025 health.state.mn.us 48



Risk Assessment Summary Form

8/26/2025 health.state.mn.us 49



Risk Assessment Tool

• American Biological Safety 
Association (ABSA)

• Risk Group Database

• Links to Canada Pathogen Safety 
Data Sheets

8/26/2025 health.state.mn.us 50



9 Sections

• Infectious Agent

• Health Hazard

• Dissemination

• Viability

• Medical

• Laboratory Hazards

• Recommended Precautions

• Handling Information

• Miscellaneous Information

8/26/2025 health.state.mn.us 51



Trigger Points

• Growth from sterile sites (blood, CSF, body fluids)

• Poor growth after 48-72 hours

• Growth only on Chocolate agar, or better growth on Chocolate than SBA

• Any culture with filamentous mold

~Biosafety in Microbiological and Biomedical Laboratories (BMBL): 6th Edition

8/26/2025 health.state.mn.us 52



Key Biosafety Considerations

• Innoculate positive Blood Cultures in a Biosafety Cabinet (BSC)

• Tape plates on positive Blood Cultures that are slow to flag positive

• Read all Day 1 Blood and Sterile Site Cultures in BSC

• If you see Gram variable coccobacilli or tiny GNB on any site on initial Gram stain:

• Tape plate shut before incubating

• Read in BSC

• Consider setting up a Chocolate agar:

• On any culture that involves an animal or tick bite

• On any culture with GVB or tiny GNB on initial Gram stain



When you have suspicion, perform work done in BSC  

• Any manipulation should be done in 
a BSC

• Aerosol generating procedures such 
as catalase are done in a BSC

• Aliquot and pipet in a BSC

• Subculture in a BSC

• Make and fix Gram stain slide in a 
BSC

8/26/2025 health.state.mn.us 54



BSC Setup

8/26/2025 health.state.mn.us 55



• Information about MN reportable diseases: 
www.health.state.mn.us/diseases/reportable/rule/index.html

• Two categories:
• Report immediately by telephone
• Report withing one working day

• For immediate reporting call: 
• 651-201-5414 or 1-877-676-5414

• Report forms can be downloaded at 
www.health.state.mn.us/diseasereport

Review: Reportable 
Diseases

https://www.health.state.mn.us/diseases/reportable/rule/index.html


Summary: Tularemia in MN (2025)

• Human and animal cases have been increasing to historically elevated rates

• Clinicians and laboratorians now need an increased level of concern for F. 
tularensis given increased rates

• While tularemia hot spots occur in the Twin Cities metro, cases are found 
throughout the state.

• Sentinel labs should closely follow the ASM guidelines and submit all suspect 
F. tularensis cases for rule-out testing at MDH-PHL.

• Biosafety issues around F. tularensis for laboratorians may require some 
changes in workflow, but can be addressed to keep everyone safe.



Contact info

Presenters

Dr. Aaron Barnes, MD, PhD
EPR Lab Supervisor
aaron.m.t.barnes@state.mn.us
651-201-4184

Maria Bye, MPH
Senior Epidemiologist (Zoonotics)
maria.bye@state.mn.us 
651-201-4085

Eric Lundquist, RBP (ABSA), MLSCM (ASCP)
IDL Biosafety Coordinator
eric.lundquist@state.mn.us 
651-201-5577

Consults and On-call resources

MDH Epi on call (24x7x365)
• Clinical questions, case reporting, 

infection prevention, etc.
• 651-201-5414 or 1-877-676-5414

Biothreat on call (24x7x365)
• Lab questions, rule out submissions, 

biosafety
• 612-282-3723

mailto:aaron.m.t.barnes@state.mn.us
mailto:maria.bye@state.mn.us
mailto:eric.lundquist@state.mn.us
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