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Francisella tularensis

� Francisellae – facultative intracellular bacterial 
pathogens

� Small, nonmotile, obligate anaerobe

� One of the most infectious bacterial agens (10 CFU)

� Francisella proliferates inside macrophages, 
neutrophils, dendritic cells and hepatocytes

� Geographic distribution of four existing Francisella 
tularensis subtypes (holarctica – Type B, tularensis –
Type A1 and A2, mediasiatica, novicida)
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� Zoonotic infection 

� Vectors – mainly ticks and mosquitoes

� Broad spectrum of clinical manifestations with 
dominant symptoms – granulomas and secondary 
atypical pneumonia

� Treatment – ATB (Gen, Tet)

Tularemia

The cellular basis of protective immunity against experimental infection caused by 

Francisella tularensis
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Kubelkova K. and Macela A.: Putting Jigsaw Together - A Brief Insight Into the Tularemia, Open Life Sciences, 2015, 
Ready to publish.



B cell involvement

� B cells and antibodies are necessary for mice to develop their natural 

resistance to primary and secondary LVS infections

….The role of antibodies in the protection against intracellular pathogen

F. tularensis still remains poorly understood !

� Extracellular phase in the host, which makes it accessible to humoral
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� Extracellular phase in the host, which makes it accessible to humoral

immune responses 

� Ab responses containing both Th-1 and Th-2 antibody isotypes are 

detectable as early as 3 days following i.d. infection

� Confer early as well as long term immunity

� Immune response against LPS (as a major protective antigen)

� No naturally B cell-deficient murine strain has been identified yet

� Serum Ab against bacterial proteins – FopA, OmpA, DsbA, GroEL, KatG

etc.



� Traditional view

� Antibodies have little (if any) protective role against tularemia

� Late 1970ies

� Antibodies can confer protection against attenuated Francisella tularensis strains 

and can confer some degree of protection against virulent strains of holarctica

subtype /Macela A.: Thesis, 1980.

� Late 1990ies

The role of antibodies in protective immune response
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� B-cells but not circulating antibodies are indispensable in protective immunity 

against tularemia /Elkins K.et al: Infect Immun.,1999.

� New millennium:

� Passive transfer of immunity protects against the same subtype

� Passive transfer of immunity against tularemia is possible

� Antibody-dependent cell-mediated cytotoxicity (ADCC)

/ Fulop M. et al: Vaccine, 2001. , Stenmark S. et al: 

Microb Pathog., 2003., Sanapala et al. 2012, Kubelkova 

K. et al. Microbial Pathogen, 2012



The role of antibodies in protective immune response
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� Balb/c mice

�Cobalt 60

�Dose of 4 Gy
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Fenotypization of spleen cells of immunosuprimmised Balb/c 
mice

CD3+ CD8+ T cells

Obr.č.3: CD3+CD8+T lymfocyty
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Passive transfer of antibodies protects irradiated mice 
against F. tularensis holarctica LVS infection

Co60

(4 Gy)

Francisella tularensis LVS

(1.3 x 102 live microbes, s.c.)

Immune or normal sera

(0.2 ml serum, i.p.)

48 hrs 2 hrs
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21 days



Passive transfer of immunity protects irradiated mice against 
primary as well as secondary F. tularensis infection

Co60

(4 Gy)

Francisella tularensis LVS

(1.3 x 102 live microbes, s.c.)

Immune or normal sera

(0.2 ml serum, i.p.)

3 days 2 hrs

Centre of Advanced Studies, Faculty of Military Health Sciences, University of Defence, 500 01 Hradec Kralove, Czech Republic 11

22 days

Francisella tularensis SchuS4

(1.2 x 102 live microbes, s.c.)

21 days



Number

of mice

Irradiation Interval of 

immunization

Route 

immun.

Immunization

[200ul]

Infection Dose LVS 

[200ul]

Route 

infect.

1KL 10 - 2 hod. before

infection

i.p. Ab 4Gy+LVS F. tularensis LVS 106 bb/mouse s.c.

2KL 10 - 2 hod. before

infection

i.p. Ab 4Gy+LVS F. tularensis LVS 107 bb/mouse s.c.

3KL 10 - 2 hod. before

infection

i.p. Ab 4Gy+LVS F. tularensis LVS 108 bb/mouse s.c.

4KL 10 - 2 hod. before

infection

i.p. Ab 4Gy+LVS F. tularensis LVS 109 bb/mouse s.c.

5KL 10 - 2 hod. before

infection

i.p. PBS F. tularensis LVS 107 bb/mouse s.c.

6KL 10 - 2 hod. before i.p. PBS F. tularensis LVS 108 bb/mouse s.c.

Live microbes induce protective Abs in immunosuprised

individuals

6KL 10 - 2 hod. before

infection

i.p. PBS F. tularensis LVS 108 bb/mouse s.c.

7KL 10 - 2 hod. before

infection

i.p. PBS F. tularensis LVS 109 bb/mouse s.c.
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Number of 

mice
Irradiation

Immunization

[200ul]

Interval of 

immunization

Route/ 

immun.
Infection Dose LVS [200ul] Route/infect.

1B 10 4 Gy Ab 4Gy+LVS
2 hod. before

infection
i.p. F. tularensis LVS 102 CFU/mouse s.c.

2B 10 4 Gy Ab 4Gy+LVS
2 hod. before

infection
i.p. F. tularensis LVS

103CFU/mouse
s.c.

3B 10 4 Gy Ab 4Gy+LVS
2 hod. before

infection
i.p. F. tularensis LVS 104CFU/mouse s.c.

4B 10 4 Gy PBS
2 hod. before

infection
i.p. F. tularensis LVS 102 CFU/mouse s.c.

5B 10 4 Gy PBS
2 hod. before

i.p.
F. tularensis LVS 102 CFU/mouse

s.c.

Live microbes induce protective Abs in immunosuprised 

individuals

5B 10 4 Gy PBS
infection

i.p. s.c.
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Number 

of mice
Gy Immunization Time

Route/immu

n.
Infection Route/inf. Dose LVS [200ul]

1A 5 - Ab 4Gy+LVS
2 hod. before

infection
i.p.

F. tularensis

LVS
s.c. 108 CFU/mouse

2A 5 - Ab 4Gy+LVS
2 hod. before

infection
i.p.

F. tularensis

LVS

s.c.
109CFU/mouse

3A 5 4 Gy Ab 4Gy+LVS
2 hod. before

infection
i.p.

F. tularensis

LVS

s.c.
103 CFU/mouse

4A 5 4 Gy Ab 4Gy+LVS
2 hod. before

infection
i.p.

F. tularensis

LVS

s.c.
104 CFU/mouse

5A 5 4 Gy PBS
2 hod. before

infection
i.p.

F. tularensis

LVS

s.c.
101 CFU/mouse

Live microbes induce protective Abs in immunosuprised 

individuals

Number

of mice
Infection Route of infection Dose SchuS4 [200ul] Protection

1A 5 F. tularensis SchuS4 s.c. 102 CFU/myš 100%

2A 5 F. tularensis SchuS4 s.c. 102 CFU/myš 100%

3A 5 F. tularensis SchuS4 s.c. 102 CFU/myš 100 %

4A 5 F. tularensis SchuS4 s.c. 102 CFU/myš 100 %

5A 5 F. tularensis SchuS4 s.c. 102 CFU/myš 0 %

Secondary infection with hypervirulent F. tularensis SchuS4 strain



Cytokine profile of immunocompromised mice

� The description of cytokine changes as a factor of importance during Francisella 

infection in naïve and immunocompromised mice

� ELISA kits (Invitrogen) – IL-1β, IL-4, IL-6, TNF-α, IFN-γ

Passive transfer of 

immunity rather normalize 

the cytokine levels
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Dominant disproportion 

exists in the levels of IFN-γ
in blood and tissue 

homogenates, which 

suggests the high 

consumption of this 

cytokine in the sites of 

production



GPS Explorer™ Software v. 3.6 

(Applied Biosystems), which 

integrates the Mascot search 

algorithm against 

F. tularensis LVS 

genome databases

Identification of immunoreactive Francisella proteins

Centre of Advanced Studies, Faculty of Military Health Sciences, University of Defence, 500 01 Hradec Kralove, Czech Republic 16

� http://www.psort.org/psortb/

� http://www.cbs.dtu.dk/services/SignalP

� http://www.ncbi.nlm.nih.gov/COG/old/xogn

itor.html



DNA replication, recombination and 

repair

L-

Transcription

K-

Signal transduction mechanisms

T-

carbohydrate transport and metabolism

G-

energy production and conversion

C-

inorganic ion transport and metabolism

P-

function unknown

S-

coenzyme metabolism

H-

aminoacid transport and metabolism

E-

translation, ribosomal s tructure and 

biogenesis

J-

Cell divis ion and chromosome 

partitioning

D-

Secondary metabolites  biosynthesis , 

transport and catabolism

Q-

General function prediction only

R-

cell envelope biogenes is , outer 

membrane

M-

No related COG

Nucleotide transport and metabolism

F-

posttrans lation modification, protein 

turnover, chaperones

lipid metabolism

I-

Identification of immunoreactive Francisella proteins
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G-O-

http://www.ncbi.nlm.nih.gov/COG/old/xognitor.html



Conserved

hypothetical

proteins:

� FTT0086

� FTT0848

� FTT0655



The result applications

� Changing the vaccine strategy

� Important role of circulating antibodies during the interaction of F. tularensis

with host immunoregulatory system

� Passively protected mice were also able to survive primary LVS and the 

subsequent challenge with the hypervirulent strain F. tularensis SchuS4

� Functional passive immunization protocol for naïve, as well as 

immunocompromised animals 
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immunocompromised animals 

� Cytokine production of immunocompromised mice has been characterized as a 

part the host response to Francisella infection

� Combination of passive transfer of antibodies and subsequent active 

immunization represents the safety way to protective immunity against 

tularemia 

� New immunoreactive proteins – monoclonal Abs
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