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1) Ulceroglandular (cutaneous ulcer with regional
lymphadenopathy)

2) Glandular (regional lymphadenopathy with no ulcer)

3) Oculoglandular (conjunctivitis with preauricular
lymphadenopathy)

4) QOropharyngeal (stomatitis or pharyngitis or tonsillitis
and cervical lymphadenopathy)

5) Pneumonic (primary pleuropulmonary disease)

6) Typhoidal (febrile illness without early localizing signs
and symptoms)
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Microbiological features

» Non-motile, unencapsulated

» Two subtypes differ based on
virulence

1. Type A (biogroup tularensis) i PR
» highly virulent for humans '
and rabbits

2. Type B (palearctica)
e Jless virulent for humans
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Pathogenesis

—Intracellular growth ) yiins! Joxo

—Infectious dose depends on site

of entry TP
*Few organisms (10-50) required
for intradermal 1njection’ or

inhalation

e Jarge number (10°) if ingested




Pathogenesis

—Growth at inoculation site Wyl oSS
—Lymphatic spread to regional nodes

—May disseminate hematogenously,
especially untreated Sad bl )l

* Reticuloendothelial organs, lungs, kidneys,
skin, meninges

» Bacteremia common early in course but not
usually detected

. . WK, P
— Suppurative necrosis SiPh
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Infectivity
Pathogenicity
Virulence
Antigenicity
|mmunogenicity




Bioweapon Potential
Category A

 Variola major

« Bacillus anthracis

e Yersinia pestis

e Clostridium botulinum
* Francisella tularensis

* Hemorrhagic fevers




Bioweapon Potential
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» Weaponized in 1950s and 60s by U.S.

» Former Soviet Union weaponizing In
1990s

» Used on prisoners 1932-45 by Japan
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(1940) dropped Bubonic plague infected
fleas and grain in China (80 y)

S e el =l Sliss
st sl e e
|yl (895 32 S jglom Claiod ol g

!5 oWils; g ‘







o 39 39 g Ay U

History of biological weapons
(Japanese attacks).

* More than 10,000 prisoners died as a
result of experimental infections

» Using various delivery mechanisms to
deliver Bacillus anthracis, Vibrio
cholera, Shigella spp., Salmonella spp.,
and Y. Pestis.




Bioweapon Potential
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» 250,000 Incapacitated
» 19,000 dead

&l @193 9 Sl sbml Gy
* Incapacitation occurring within 1 to 2 days
 Incapacitation lasts for days —weeks

» Untreated disease Is persistent and
relapsing




Bioweapon Potential

3Ll puanilSis
» Aerosol would be most likely
mechanism

* Could be weaponized wet or dry

=)y Lo
e Pneumonic form would be most
likely
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Bioweapon Potential
S jPgm o (sasuds (glasgls

. Large number, previously healthy, with
sudden constitutional symptoms (fever,
myalgias, flu-like)

. Many then develop cough and dyspnea

. At first difficult to differentiate from
community acquired pneumonia, influenza

. Rapid worsening to critical iliness in high

percentage of patients

—
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Bioweapon Potential
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 Factors suggesting aerosol release
— Point or line source outbreak pattern

— Acute constitutional signs and
symptoms:
* Pharyngitis
» Bronchiolitis
* Pleuropneumonitis
« Hilar lymphadenitis
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. Ulceroglandular (cutaneous ulcer with regional
lymphadenopathy)

. Glandular (regional lymphadenopathy with no
ulcer)

. Oculoglandular (conjunctivitis with
preauricular lymphadenopathy)

. Oropharyngeal (stomatitis or pharyngitis or
tonsillitis and cervical lymphadenopathy)

. Pneumonic (primary pleuropulmonary disease)

. Typhoidal (febrile illness without early
localizing signs and symptoms)




Case definition of Tularemia
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" Tick or deertly bite,
= Contact with tissues of a

mammalian host of Francisella
tularensis,

= potentially contaminated water.




aboratory criteria for
diagnosis
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» Elevated serum antibody titer(s) to F.
tularensis antigen (without documented

fourfold or greater change) in a patient with
no history of tularemia vaccination

e Detection of F. tularensis in a clinical
specimen by fluorescent assay




aboratory criteria for
diagnosis

)Yy S 390
e [solation of F. tularensis 1n a clinical
specimen ot

* Fourfold or greater change in serum
antibody titer to F. tularensis antigen




K u:.:u

(SN J/J ’UJ LJ/)/ ol

L L LN

€989 § S8 giglganan\ -
b o = T (S5 0,90 — )
(Sl gy — & Sl Lisl =¥
(Sloa] Cardgo g Jrus (g (oo pili — 0
088 35 luno Jolgs s —
Cooglon g Comvlvs — Y
gl g dos 30 — A
g s Gl 0,93 9 JUS 09505 — A

JYiS g gz




-
S

A

(Occurrence) &

(Incubation period) g 0493 —

(Natural course) . xmb s — Y
(Geographical distribution) JLal s LSS - Y

9\gan

$)

(Timeline trend) Jb; wig, — £

] Cusdge g Jiud (i s G — 0

(Predisposing factors) suis’ acluwe Jolge wili — 1 =3‘
(Susceptibility & Resistance) cwglis g Cowluws — Y

(Secondary attack rate) a gl b ales 4lm— A
Sl CulslB 5,93 9 JWS 2950 — A

(Mode of transmission & period of communicability) €D




 Typically 2-5 days (Range 1-21 days)

e Dependent on inoculation dose,
type/virulence




—Regional lymphadenopathy — proximal
to Inoculation $ lginl Jow

—Locations
« Hand lesions — axillary (65%) >

epitrochlear (8%6), animal exposures

* L_eg lesions — femoral/inguinal nodes, most
common for arthropod bites

—Slow resolution

e Even with treatment
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Ulceroglandular




Ulceroglandular




Glandular tularemia




—Fever, weight loss, prostration,
delirium

—No ulcer, adenopathy, or other
localizing signs

—Often with abdominal pain

—Most likely form to be severe

—Often DIC, ARDS, sepsis, multiorgan
fallure, shock

—Should not use this term if evidence of
pleuropulmonary disease

32




—Primary
 Inhalational exposure

—Secondary
 Hematogenous spread generally

coincident with ulceroglandular
* 30% UG cases develop pneumonia

* 80% typhoidal cases develop
pneumonia




Pneumonic tularemia

Incubation: 3 to 5 days

Abrupt onset fever, chills,
headaches, myalgia, non-
productive cough

Segmental/lobar infiltrates, §
hilar adenopathy, effusions *

Mortality 30% if untreated; | .
< 109 If treated pneumonic tularemia




cular tularemia




— Conjunctivitis
 Unilateral, painful, purulent

— Ocular pain, excessive Iacrimation, -
photophobia

— Local lymphadenopathy — preauricular,
cervical

— Complications — rarely blindness




Oropharyngeal tularemia
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—Leukocytosis up to 22000

—Reversible hepatitis/mildly elevated
LFTs

—Sterile pyuria — 32%
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F. tularensis -
specific antibody

titer

&3 1 il g
S50l CulsB

&b (S Herb

YU s 3 o3l pals ||

— e e
= bl
Rty b

Time of infection
Clinical presentation
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Cell mediated immunity
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» Generally not fatal

« Generally very incapacitating for 2-3
months without treatment, occasionally not
back to normal after 1 year

 |f recover, generally no long-term sequelae
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— Form of disease-typhoidal/pneumonic
— Type Aor B

— Immune status, age
— Inoculation dose

— Time to presentation, diagnosis,
antibiotics

— Treatment with drug other than
aminoglycoside
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» Untreated mortality
—5-15% Type A strains
—1-3% Type B strains
—5% Ulceroglandular (UG) form
—30-60% typhoidal/pneumonic

—>70% fatal cases have pulmonary
Involvement
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e Tularemia 1s widely distributed but 1s primarily
a disease of the Northern Hemisphere.

* America, Europe, Russia, China, Japan, Mexico
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Seasonality

* Summer peak related to ticks

—90% pediatric cases

» Winter peak related to trappmg and

huntm g of rabbits  “=Ta . Spas
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*More common 1n >30 years of age

» Recent studies indicate pediatric
population can represent up to 28%
of cases 1n certain areas

e Over 75% 1n men
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» Laboratory worker,
1. Farmer,

2. Veterinarian, sheep worker, hunter or
trapper, and

3. Cook or meat handler.
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e Low Infectious dose

— 10 to 50 organisms by aerosol or
Intradermal route

 No person-to-person transmission
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e Ticks maintain infection In reservoirs
of rabbits,

» Aquatic rodents infect each other and
through environment (e.qg.
contaminated water)

* Infected when they get in the way of
natural cycles 55




; II Mosquitoes
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A * Water / Soil B Water / Soil
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Life cycles of Francisella tularensis
: A. Dominant in North America
Lagomorphs B. Dominant in Eurasia

Voles




‘sﬂ)y$3 JI.E’M ‘Slbb‘)

—Arthropod vector bites

» May be true reservoirs as well as
vectors

« Causes 1/3 to Y2 tularemia cases now
 Dog tick, wood tick
* Deer fly, horse fly

* Mosquito
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—Inhalation of aerosols/dusts

* Most humans exposed to aerosol
become infected, only 25-50% of those
will get radiographic evidence of
pulmonary involvement

* Handling contaminated hay

» Contaminated water sprays

* Dust from contaminated soil
* Handling or 1n vicinity of dead rabbits

58




Rout of Transmission




Reservolrs

—Many mammals, rodents,
ticks, and some birds

—Ticks and rabbits most
Important

—Rodent-mosquito cycle In
Russia, Sweden
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Primordial Prevention:
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*Primary Prevention:
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«Secondary Prevention:
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*Tertiary Prevention:
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*Quaternary Prevention
P b (Flogd | padedd gladlid Jeod I (5 l3345




ol aduu 5 paSuing |

» Education
« Evoid exposure
» Proper handling during skinning,

processing; protective gloves, eye wear
 Arthropod control
* Proper cooking of meat

e | |ve attenuated vaccines for certain
occupations
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— Must alert lab 1f suspect

— BSL-2 needed for routine
procedures

— BSL-3 for higher risk and animal
studies
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— Likely short half-life if aerosol
dispersed

—Very unlikely secondary aerosolization

— Covert release likely not detected for
several days

— Not recommended for large areas after
release
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» Clothing exposed to known aerosol or
powder

— Soap and water on body and clothing

» Corpses
— Standard precautions only

— Avoid aerosol-generating procedures at
autopsy

e Patient rooms

— Clothing, linens disinfect via standard
protocols
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 Use for secretions, biopsies
« Rapid (hours after received)
* Not widely available

» Used as confirmatory test in one
series

 Used on tissue samples
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—Rapid (several hours)
—\Very sensitive
—Not affected by prior

antibiotics,

—Can be used on non-clinical
samples

—1009%0 specific in animal study
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—Has been the gold standard

—Not acute infection unless diagnosis
delayed

—Takes at least 2 weeks to reliably
get positive titre (1:160)
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Confirmatory Diagnosis

« Serum agglutins (combined IgM and IgG)
— Tube agglutination, more common
— Microagglutination

e Single > 1:160 (tube) > 1:128 (micro)
presumptive in the presence of compatible
disease

e 4-fold rise acute/convalescent for Definitive
serologic diagnosis

 Not affected by antibiotic treatment.

(Mandell 2020)




F. tularensis - IgM and 1gG antibodies appear together, and high titers of bofﬁ—
specific antibody may persist for longer than a decade after infection (Mandell 2020)
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False positives

* Brucella

* Proteus OX-19

e Yersinia

 Prior vaccination
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* [gM, 1gG,or IgA levels detected

* Now more preferred
—Better sensitivity (95.7%) specificity
(96%0)

—Less cross-reaction with Brucella,
Yersinia

—Becomes positive a little earlier than
agglutinins
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» Bubonic plague,

« Cutaneous anthrax,

« Lymphocutaneous syndromes,
 Cat scratch disease,

» Rat-bite fever,

* Lymphogranuloma venereum,
» Streptococcal lymphadenitis,
» Toxoplasmosis, chancroid,
 Atypical myocobacteria
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 Septicemic plague,
* Typhoid fever,
 Brucellosis,

e Listeriosis,

e Malaria,
 Rickettsial diseases,
* Any cause of sepsis,
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Oropharyngeal

o Streptococcal pharynagitis,
 EBV,

 Diphtheria,

« Stomatitis & cervical adenitis
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Oculoglandular

* Lymphogranuloma venereum,
» Adult inclusion conjunctivitis,
o ZOster conjunctivitis,

o Listeriosis.
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Pneumonic
* Pneumonic plague,
 Inhalational anthrax,
* Q fever,

* L_egionellosis,

* Tuberculosis

* Mycoplasma,

* Influenza,

» Malignancy,

« Other zoonotic pneumonias
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INDICATION AND PATIENT RECOMMENDED ANTIBIOTICS

GROUP AND DOSAGES

Serious Disease

Adults Streptomycin,® 10 ma/kg IM g12h for
ol 4 7-10 d (not to exceed 2 g/d), or

Gentamicin,” 5 ma/ka/d IM or IV
divided g8h for 7-10 d

Children Streptomycin,® 15-20 mag/kg IM g12h
Qb o 9 for 7-10 d (not to exceed 2 g/d), or

Gentamicin,” 5 ma/ka/d IM or IV
divided q8-12h for 7-10 d
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Mild to Moderate Disease

Adults
ol 4o

Children®
R BT

Ciprofloxacin,” 500 mq orally twice daily
tor 10-14 d, or

Doxycycline, 100 mg orally twice daily
for 14-21d

Gentamicin,? 5 ma/ka/d IM or IV
divided q8-12h for 7-10 d, or

Ciprofloxacin,” 20-40 ma/ka/d orally
divided twice daily for 10-14 d (not
to exceed 1500 ma/d)

90
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Meningitis

Adults Streptomycin or gentamicin in the doses
ol 4o given for moderate to serious disease
plus either ciprofloxacin, 400 mg IV
every 812 h, doxycycline, 100 mg IV
every 12 h, or chloramphenicol,
15-25 mag/kg IV gbh (not to exceed
4 g/d), for 14-21 d

Children Gentamicin in the doses for moderate

OlEogs 4o to serious disease plus either
ciprofloxacin, 20-30 mag/ka/d IV
divided every 8 or 12 h (not to
exceed 1.2 g/d), or doxycycline,
2.2-4.4 ma/ka/d IV divided q12h (not
to exceed 200 ma/d), for 14-21 d
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» Resistance / susceptibility

—No known naturally-occurring
resistance to aminoglycosides

—Engineered resistance to
streptomycin, chloramphenicol,
tetracycline have been produced

—Susceptibility testing should be done
and treatment modified accordingly




TULAREMIA ~==

3. Tertiary prevention

Sequelae such as:
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4. Quaternary prevention
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