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SYNOPSIS

Tularemia is a zoonotic infection caused by Francisella
tularensis. lts most typical manifestations in humans are
ulceroglandular and glandular; infections in prosthetic
joints are rare. We report 3 cases of F. tularensis sub-
species holarctica—related prosthetic joint infection that
occurred in France during 2016—2019. We also reviewed
relevant literature and found only 5 other cases of Fran-
cisella-related prosthetic joint infections worldwide,
which we summarized. Among those 8 patients, clinical
symptoms appeared 7 days to 19 years after the joint
placement and were nonspecific to tularemia. Although
positive cultures are typically obtained in only 10% of
tularemia cases, strains grew in all 8 of the patients. F.
tularensis was initially identified in 2 patients by matrix-
assisted laser desorption/ionization time-of-flight mass
spectrometry; molecular methods were used for 6 pa-
tients. Surgical treatment in conjunction with long-term
antimicrobial treatment resulted in favorable outcomes;
no relapses were seen after 6 months of follow-up.

ancisella tularensis is a fastidious, gram-negative
coccobacillus that can cause tularemia, a zoonotic
disease. Two subspecies are responsible for human
cases: F. tularensis subspecies tularensis (type A strains)
and F. tularensis subsp. holarctica (type B strains) (1).
Tularemia is a reemerging disease that has occurred
recently both sporadically and in outbreaks world-
wide. No vaccines are available, and antibiotic classes
effective in treatment are limited to aminoglycosides,
fluoroquinolones, and tetracyclines (2,3).

Potential reservoirs and vectors in both the ter-
restrial and aquatic cycles of this bacterium are var-
ied. Six main clinical forms of tularemia have been
described (glandular, ulceroglandular, oropharyn-
geal, oculoglandular, pneumonic, and typhoidal),
depending on the route of bacterial inoculation.
Tularemia can be transmitted through direct con-
tact with infected animals (hares, rabbits, small
rodents, etc.); through the bites of blood-sucking
arthropods; through consumption of contaminated
food or water; through conjunctival inoculation
with contaminated fingers, materials, or aerosol-
ized particles; or through the lungs, either by in-
haling infectious aerosols or by the hematogenous
spread of bacteria (4-7).

Severe infections are predominantly associated
with F. tularensis subsp. tularensis, which is present
only in North America, whereas F. tularensis subsp.
holarctica, the only subspecies found in both Europe
and North America, largely causes incapacitating and
chronic disease with large or multiple lymphadenop-
athies (8). According to data from the French Nation-
al Reference Center for Francisella (FNRCF) and from
mandatory notifications to the French Public Health
Agency, the ulceroglandular and glandular forms ac-
count for most (72%) clinical forms of the disease (9).
Bone and joint infections (BJIs) and prosthetic joint
infections (PJIs) related to F. tularensis are extremely
rare and have been reported sporadically in literature
(10-13). BJIs are primarily related to staphylococci,
streptococci, or gram-negative rods, but any bacte-
rial species can cause an infection in the presence of
prosthetic material (14,15). We report 3 cases of F.
tularensis-related PJIs occurring during 2016-2019 in
France, as well as the results of a literature review on
BJIs and PJIs related to this highly pathogenic bacte-
rium (Tables 1, 2).

Material and Methods

The following methods and laboratory precautions
were used at the FNRCF to confirm the diagnosis of
tularemia. For F. tularensis culturing, samples and
strains were housed in a Biosafety Level 3 labora-
tory. Samples were seeded on chocolate agar and
incubated at 37°C in a CO,-enriched atmosphere
for 10 days. Methods for identifying F. tularensis
subsp. holarctica varied among the 3 patient cases
described in this article. Before 2018 (case 1), specific
real-time insertion sequence F. tularensis (ISFtu2)
PCR and sequencing of the 16S 23S intergenic re-
gion (16) were used to confirm identification at the
subspecies level. Since 2018 (cases 2 and 3), F. tula-
rensis subsp. holarctica identification has been con-
firmed using in-house ISFtu2 PCR and F. tularensis
subsp. holarctica-specific PCR, according to previ-
ously published protocols (17,18). Before 2018 (case
1), serologic testing was performed using in-house
microagglutination test (MAT) and in-house indirect
immunofluorescence assay (IFA). Since 2018, ELISA
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(Serion Diagnostics) (case 2) and chemiluminescent im-
munoassay (Vircell) have replaced the MAT method.

For this study, we performed retrospective anti-
biotic susceptibility testing to determine the MIC of
7 antibiotics (gentamicin, ciprofloxacin, levofloxacin,
rifampin, erythromycin, azithromycin, and doxy-
cycline). We used an in-house broth microdilution
method, as previously described (19).

For the retrospective case search, we performed a
PubMed search for published cases of PJI caused by F.
tularensis using the terms “Francisella AND joint AND

F. tularensis—Related Prosthetic Joint Infection

infection” with no restriction of date or language. In
total, 21 articles matched the searched criteria, but
only 5 cases corresponded to PJI.

Results

Case 1

A 49-year-old man living in Vendée County, France,
was hospitalized in March 2016 for a left femoral neck
fracture after a fall. The patient underwent hip arthro-
plasty with prosthesis placement. His medical history

Table 1. Clinical and biologic characteristics of patients with Francisella tularensis—related prosthetic joint infection*

Case
Characteristic 1 2 3 4 (10) 5(11) 6 (11) 7(12) 8 (13)
Country France France France United Switzerland Czech United Canada
States Republic  States
Region Vendée Gironde Aube Colorado NS NS lllinois Ontario
Age, y 49 70 68 58 84 84 77 68
Sex M M M M F M M M
Exposure factors Rural Hunter Retired Farmer, Airborne Walk in Hunter  Hunter, tick
residence, butcher, possible transmission  tularemia- bite 6 mo
dog cooking rabbit (rabbit barn endemic before
with wild carcass in neighbor’s area surgery
game handling house)
Type of surgery Left THR Left TKA Left THR Left TKA Right knee Right TKA Right Right TKA
prosthesis THR
Delay between 35d 12y 19y 9 mo 12y 8y 7d 6 mo
diagnosis and
prosthesis
implantation
Clinical Infected Feverish Joint pain Repeated Erythema, Fever, Fever, Joint pain,
symptoms scar, fever confusion, joint joint pain abdominal joint pain  warm and
bilateral effusion pain, and swollen
mediastinal and confusion, swelling, knee
hilar painful knee  bullous
lymphadenopathy, effusion skin
knee swelling lesion
with
itching
CRP, mg/L 21 100 58 NA 81 98 16 NA
Leukocytes, G/L 4.45 4 NA NA NA NA NA NA
Sample type Abscess Joint aspiration 3 tissues Joint 7 tissues Joint Joint Joint
aspiration aspiration _ aspiration  aspiration
No. positive 7 17 2/3 17 6/7 17 17 17
samples/total
Delay to NA 7d 5d 24 h-48 h 12d 4d 7d 3d
positivity
Identification Vitek 2 GN Specific MALDI-TOF Sequencing 16S rRNA 16 STRNA  MALDI-  Sequencing
Biochemical Francisella PCR; MS gene gene TOF MS
assay; ISFtu2 PCR +; (Microflex sequencing sequencing
ISFtu2 PCR  16S-23S PCR +  LT); ISFtu2
+; specific sequencing PCR +;
F. tularensis specific F.
subspecies tularensis
holarctica subspecies
PCR holarctica
PCR
Serologic results ~ MAT 640; ELISA IgG 1.5; MAT 160 ND IgM 232.6 MAT 80 Positive MAT 320
IFA 1gG IgM 3.58; IFA IgG u/mL; IgG (titers
1,280; IgM 640; IgM 640 126.4 U/mL NA)
640

*CRP, C-reactive protein; IFA, immunofluorescence assay; MALDI-TOF MS, matrix-assisted laser desorption/ionization time-of-flight mass spectrometry;
MAT, microagglutination test; Microflex LT, Bruker Daltonics; NA, not available; ND, not done; NS, not specified; THR, total hip replacement; TKA, total
knee arthroplasty; +, positive.
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SYNOPSIS

Table 2. Surgery, antibiotic treatment, and follow-up of patients with Francisella tularensis-related prosthesis joint infection

Case
Characteristic 1 2 3 4 (10) 5(11) 6 (11) 7(12) 8 (13)
Surgery 1-stage 1-stage 1-stage Repeated 2-stage Repeated DAIR 2-stage
revision joint  revision joint  revision with joint revision joint joint revision joint
replacement  replacement partial joint aspiration  replacement  aspiration replacement
replacement
Antibiotic treatment
Before DOX 100 mg OFX 200 mg ND ND AMC AMC ND IV cloxacillin 2
surgery 2x/d until 2x/d for 6 wk g/6 h for 10 d,
surgery oral cloxacillin
500 mg 4x/d
After CIP 750 mg IV CIP500mg CIP 750 mg DOX, DOX100mg DOX100 DOX 100 IV CFZ 2g/8h
surgery 2x/d + DOX 2x/d +IV AMK 2x/d 3mo, dosage NA 2x/dfor6wk mg2x/dfor mg2x/d 6 wk + RIF
100 mgx2 1,200 mg for 5 lifetime 20d+ GEN for12mo 300 mg 2x/d,
2x/d for9 wk d, CIP 500 mg treatment by 240 mg for CIP 500 mg
2x/d for6 wk  DOX 100 mg 104, CIP 2x/d + RIF 300
2x/d 500 mg mg 2x/d >6 mo
2x/d for 20
d
Progress at No relapse, Biologic Favorable = Norelapse, Favorable  Small pain- Resolution Resolution of
follow up no biologic surveillance, evolution persistence evolution free of pain symptoms
inflammatory favorable with mild limp ~ of knee effusionat  and skin under
limp, chronic evolution swelling 24 mo lesion treatment
joint pain
Staff Prophylactic NA Clinical and NA Serologic  Prophylactic NA NA
monitoring or  DOX or CIP serologic DOX
prophylaxis

*AMC, amoxicillin/clavulanic acid; AMK, amikacin; CFZ, cefazolin; CIP, ciprofloxacin; DOX, doxycycline; DAIR, debridement, antibiotics, implant retention;
GEN, gentamicin; IV, intravenous; NA, not available; ND, not done; OFX, ofloxacin; RIF, rifampin.

included active smoking and alcoholic cirrhosis since
2008. One month later, the patient was transferred to the
intensive care unit for hepatic encephalopathy. During
his hospitalization, an abscess developed near the pros-
thesis scar; surgical site infection was suspected. A com-
puted tomography (CT) scan of the pelvis revealed soft
tissue infection of the left hip; the periosteal image was
compatible with osteitis (Figure 1). The patient’s blood
culture results were negative, C-reactive protein (CRP)
was 21 mg/L (reference <10 mg/L), and leukocyte count
was 4.45 giga (G)/L (4.1-9.9 G/L). After 2 days, a speci-
men from the abscess demonstrated growth of a small
gram-negative coccobacillus on chocolate agar under
5% CQO, enrichment, which was not identified by Vitek-
MS matrix-assisted laser desorption/ionization time-of-
flight (MALDI-TOF) mass spectrometry (bioMérieux).
F. tularensis was suspected on the basis of results of the
Vitek 2 GN biochemical assay (bioMérieux) 1 day later.
The strain was sent to the FNRCF, where F. tularensis
subsp. holarctica infection was confirmed. Serologic re-
sults from MAT were positive (640 [reference <80]), and
elevated IgM (640 [reference <80) and IgG (1,280 [refer-
ence <80]) titers were confirmed by IFA. The patient re-
ceived a course of doxycycline (100 mg 2x/d for 1 mo),
then underwent a 1-stage revision joint replacement;
respiratory precautions (KN95 masks) were in place for
all persons in the operating theater to prevent second-
ary transmission through contaminated droplets. Gen-
tamicin (3 mg/kg) was administered during surgery,

1120

followed by ciprofloxacin (750 mg) and doxycycline
(100 mg 2x/d), both for 9 weeks. Five samples collected
during surgery remained sterile.

Although the infection was cured, the patient still
had joint pain without fever or biologic inflammatory
syndrome 4 years later. The patient was not a hunter
but lived in a rural, Francisella-endemic area of France
and owned a dog, which sometimes brought wild ani-
mals or game that could have been infected. The pa-
tient did not eat game meat, however, and he did not
leave the hospital between the initial prosthetic hip sur-
gery and the appearance of the abscess. We proposed 2
hypotheses to explain the infection: contamination oc-
curred a few days before the patient’s fall and bacteria
were already present in his blood, leading to prosthesis
contamination and abscess; or contamination occurred
intraoperatively because of skin contamination after
the fall. Multiple skin scratches, bruises, and wounds
were described. Unfortunately, no serum samples were
available to assess the date of contamination. Monitor-
ing of laboratory staff included prophylactic treatment
with doxycycline or ciprofloxacin. Because surgeons
were protected with gloves, glasses, and surgical
masks, and no injuries were reported involving con-
taminated materials, no monitoring was performed.

Case 2
A 70-year-old man was hospitalized in August 2018
with fever, confusion, headache, cervical pain, and
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lower limb weakness. He lived in a forested rural
area in Gironde County, France, and had been expe-
riencing asthenia and anorexia for several months.
His medical history included diabetes, high blood
pressure, dyslipidemia, and regular alcohol con-
sumption. He underwent a left knee replacement
with total knee prosthesis in 2006. Laboratory exam-
inations revealed a CRP level of 100 mg/L (reference
<10 mg/L) and leukocyte count of 4 G/L (4.1-9.9
G/L). Cerebrospinal fluid (CSF) and blood culture
samples were taken, and treatment with ceftriaxone
and acyclovir was initiated. The culture of both sam-
ples remained sterile, and results of herpes simplex
virus/varicella zoster virus PCR were also nega-
tive. The patient had not traveled abroad but had
birds at home (hens, pigeons, and doves) and was
a fisherman and hunter. CT and positron emission
tomography demonstrated bilateral mediastinal and
hilar lymphadenopathies associated with diffuse
condensation of the upper right pulmonary lobe,
compatible with infection (Figure 2). Legionella pneu-
mophila and Streptococcus pneumonia urinary antigen
test results were negative. Bronchoalveolar lavage
did not identify any pathogen, but white blood cell
count identified 60% gamma-delta T cells in the lym-
phocyte fraction (40% of total leukocytes), possibly
indicating infection with an intracellular bacterium.
At a follow-up visit 20 days later, the patient felt bet-
ter but was still experiencing evening fever (38°C)
without chills or night sweats. Clinical examination
revealed swelling of the left knee. Joint aspiration
revealed a leukocyte count of 99,000 cells/mm? (ref-
erence <1,700 cells/mm?®) with 70% lymphocytes.
Unexpectedly, gray-white, smooth, and small colo-
nies grew after 7 days on chocolate agar under 5%
CO, enrichment; the bacteria were identified as F.
tularensis by PCR targeting the gene encoding F. tu-
larensis outer membrane protein A after failure to
confirm identification with Biotyper MALDI-TOF
mass spectrometry (Bruker Daltonics). Results of a
Francisella-specific PCR performed directly on joint
aspirate was also positive. The strains and samples
were sent to FNRCF, where the strain was con-
firmed as F. tularensis subsp. holarctica. Results of
the mediastinal lymph node biopsy, however, were
PCR-negative.

Serologic samples from early September 2018
showed elevated IgM titers of 3.58 (reference <0.45)
and IgG titers of 1.5 (reference <0.62) by ELISA (Se-
rion Diagnostics) and titers of 640 (IgM) and 640
(IgG) by IFA, corroborating recent F. tularensis infec-
tion. Antibiotic therapy with ofloxacin (200 mg 2x/d)
was administered for 6 weeks, and a 1-stage joint
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Figure 1. Computed tomography scan of pelvis in case 1 showing
large abscess of the left hip with a periosteal image compatible
with an osteitis in case of Francisella tularensis—related prosthetic
joint infection, France

replacement was performed in March 2019. Of 5 sam-
ples taken during surgery, 2 were found to be positive
for Francisella by ISFtu2 PCR; however, because of a
small bacterial concentration, results for the specific
but less sensitive F. tularensis subsp. holarctica PCR re-
mained negative. The fifth culture was sterile. Cipro-
floxacin (500 mg 2x/d) and amikacin (1,200 mg 1x/d)
were started during surgery; amikacin was stopped
after 5 days. By April, the wound was sufficiently
healed and CRP had decreased to 13.5 mg/L, en-
abling the patient to return home; ciprofloxacin was
continued for 6 weeks. His progress was favorable for
clinical and biologic healing.

The suspected mode of contamination was in-
fection by animal or aerosol, and initial pulmonary
symptoms indicated likely airborne contamination

Figure 2. PET scan of the lung in case 2 showing the presence
of bilateral mediastinohilar lymphadenopathies associated with a
diffuse condensation of the upper right pulmonary lobe in case of
Francisella tularensis—related prosthetic joint infection, France.
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SYNOPSIS

that could have occurred by inhaling contaminated
aerosols or dust. The patient was fishing at the time
symptoms appeared, so inhaling contaminated water
droplets seems a plausible source because of the pos-
sible aquatic reservoir of this bacterium (4,20).

Case 3

A 68-year-old man living in Aube County, France,
with a medical history of left hip prosthesis implan-
tation in 2000 and right knee prosthesis implantation
in 2008 was evaluated in August 2019 for lateral dis-
comfort on his left side, functional hip difficulties,
and pain adjacent to his hip prosthesis. Radiography
revealed no major prosthesis degradation. Scintig-
raphy was positive, however, and CT performed in
September revealed wear and a cavity in the metal
socket of the prosthesis. A 1-stage revision of the joint
was performed in October 2019 to replace the metal
socket of the prosthesis. The stem was not unsealed
and was therefore left in place; the surgeon noted a
joint exudate and fibrosis during the operation. CRP
was 58 mg/ L. Unexpectedly, 2 of 3 samples obtained
during surgery grew a fastidious Gram-negative
coccobacillus, identified as F. tularensis by Biotyper
MALDI-TOF mass spectrometry after 5 days on choc-
olate agar of aerobic cultures with 5% CO, enrich-
ment. The strains and samples were sent to FNRCF,
where the strain was confirmed as F. tularensis subsp.
holarctica. Results of MAT (160 [reference <20]) were
positive. Ciprofloxacin (750 mg 2x/d) was adminis-
tered for 3 months.

After requesting a notice from Centre de Ré-
férence des Infections Ostéo-Articulaires Complexes,
the reference center for the management of BJls, and
because the stem of the initial prosthesis was in place,
lifetime antibiotic treatment with doxycycline (100
mg 2x/d) was recommended; long-term oral sup-
pressive antibiotic therapy to maintain a functioning
prosthesis can be recommended when removing all
the components of the prosthesis is not possible. The
patient’s progress was favorable; he demonstrated

good healing and biologic inflammatory syndrome
regression and had a slight limp after 3 months. The
patient was a retired butcher who often made paté
with wild game, which probably led to contamina-
tion by direct contact with infected animals or meat.
No monitoring was performed for surgeons and sur-
gical staff. However, laboratory staff follow-up care
included clinical and serologic monitoring.

Laboratory Safety

For all 3 cases, before F. tularensis was suspected or
confirmed, samples and strains were handled under
Biosafety Level 2 conditions in clinical microbiol-
ogy laboratories. Samples were rapidly sent to the
FNRCF to confirm identification. MIC determina-
tions were performed a posteriori on the 3 strains
from France (Table 3). MICs were the lowest for
ciprofloxacin (0.016-0.032 mg/L) and levofloxacin
(0.032 mg/L), and no resistance to aminoglycosides,
rifampin, fluoroquinolones, or tetracyclines was ob-
served. The erythromycin MIC of 2 mg/L confirmed
that the 3 strains belonged to biovar I of F. tularensis
subsp. holarctica (19,21).

Discussion

Prosthetic joint replacement is a common surgery
increasingly used to improve quality of life (22,23).
Several recommendations to limit infection at the sur-
gical site exist (24-26), which are either preoperative
(skin disinfection by shower with antiseptic or anti-
microbial soap, nasal and cutaneous decolonization
of S. aureus), perioperative (perioperative antiseptic
use, intraoperative systemic antimicrobial prophy-
laxis, asepsis of the operative environment), or post-
operative (postoperative antimicrobial prophylaxis).
Despite those preventive measures, prosthetic joint
infections occur in 1%-2% of patients (27-29). The
most common pathogens described are staphylococci
(S. aureus and coagulase-negative staphylococci),
isolated in 50%-60% of the cases; streptococci; and
enterococci (together accounting for 10%). Aerobic

Table 3. MICs of 3 strains of Francisella tularensis subspecies holarctica obtained by broth microdilution method, France*

MICs, mg/L

Antibiotics Case 1 Case 2 Case 3 Breakpoints for susceptibility, mg/L
Gentamicin 0.5 0.5 0.5 4t

Ciprofloxacin 0.016 0.032 0.016 0.25%

Levofloxacin 0.032 0.032 0.032 0.5t

Rifampin 0.5 0.5 0.5 1%

Erythromycin 2 2 2 161

Azythromycin 1 1 1 4%

Doxycycline 0.25 0.25 0.25 41

*The assay medium was CAMHB supplemented with 2% PolyViteX (CAMHB-PVX; bioMérieux) and adjusted to pH 7.1+0.1 as recommended (17). MICs
were read after 48 h of incubation and were interpreted using the Clinical and Laboratory Standards Institute susceptibility breakpoints for Francisella
tularensis when available or the Haemophilus influenzae European Committee on Antimicrobial Susceptibility Testing breakpoints.

tClinical and Laboratory Standards Institute breakpoint.

IH. influenzae European Committee on Antimicrobial Susceptibility Testing breakpoint.
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gram-negative rods and anaerobic bacteria are
isolated from <10% of knee and hip prosthetic joint
infections. However, 5%-34% of prosthetic infections
remain culture-negative because of previous antimi-
crobial treatment or because fastidious or low-inoc-
ulum pathogens can remain undetectable by classic
culture or PCR methods (27,28,30).

Prosthetic joint infection is an extremely rare form
of tularemia; we found only 5 cases reported in the
literature to date (Tables 1, 2) (10-13). Of the 8 cases
of prosthetic infections summarized in this article, 7
(88%) occurred in men >49 years of age (range 49-84
years). The knee prosthesis was infected in 5 (62.5%)
patients and hip prostheses in 3 (37.5%) patients. In
all but 2 patients, clinical symptoms appeared >6
months after joint placement (7 days-19 years, me-
dian 4 years) and were unspecific to tularemia. Fever,
joint pain, and joint exudate were often described,
and inflammatory blood markers, where reported,
usually increased (CRP range 16-100 mg/L). Inocu-
lation of F. tularensis at the surface of the prosthesis
seems to be possible in 3 different ways: through di-
rect transfer from contaminated skin wounds or ulcers
during surgery (case 1), after surgery through direct
skin contamination close to the surgical site scar, or
by hematologic spread of the bacteria from an initial
infection site distant from the prosthesis (cases 2 and
3). In the reported BJI cases, the initial contamination
was suspected to occur through direct transmission
from an animal reservoir, either by ingestion of un-
dercooked meat prepared from an infected animal or
contact with infected carcasses (cases 2, 3,4, 7, and 8);
possibly by an arthropod bite, as in case 8, in which
the patient noted a tick bite 6 months before his initial
knee arthroplasty; or by inhalation of contaminated
aerosols or dust (cases 1, 5, and 6). For some patients,
infectious symptoms were absent or mild, suggesting
that the bacteria might be able to survive in a quies-
cent form with low virulence levels after seeding on
the prosthesis. Mechanisms similar to those involved
in the long-term persistence of F. tularensis subsp. hol-
arctica in soil and water might occur, such as switch-
ing to a viable but noncultivable state or biofilm for-
mation (4; C.D. Brunet et al., unpub. data, https://
www.biorxiv.org/content/10.1101/2022.02.18.4808
67v3). Biofilm formation has been described for the
Francisella species in vitro and might be a key mecha-
nism in human pathogenesis and infection, especially
PJIs (28,31).

According to the World Health Organization def-
inition of tularemia, presumptive cases are defined
as cases in persons with clinical symptoms com-
patible with tularemia and either positive DNA
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detection in 1 clinical sample or a single positive
serum sample. An infection is confirmed when an
F. tularensis strain is isolated and identified in cul-
ture or by a 4-fold increase in IgM or IgG titers in
paired serum specimens (17). Although tularemia
is primarily identified by serologic assays, the pro-
portion of diagnoses assessed by molecular meth-
ods on tissue samples is increasing because of the
development of specific PCRs or the availability of
165 rDNA sequencing. Positive bacterial cultures
are usually obtained in <10% of cases (7,16) because
F. tularensis is a fastidious bacterium that requires
cysteine-supplemented agar (17). Growth occurs in
2-4 days of incubation at 37°C in aerobic or CO,-
enriched atmosphere, and colonies are gray-white,
round, and smooth with a small halo (32,33). Sur-
prisingly, in these 8 cases, the diagnosis was made
by positive culture on joint aspiration or periopera-
tive tissues. This finding highlights the major need
for rapid seeding of fresh tissues on an agar media
to enable the growth of this fastidious bacterium
from human samples (34). Serologic testing, when
performed, identified mostly high titers in MAT,
ELISA, or IFA, confirming Francisella infection, but
was performed after the initial diagnosis. The iden-
tification of 1 strain was suspected on the basis of
results of the Vitek 2 GN assay. MALDI-TOF mass
spectrometry enabled identification of 2 strains but
did not provide subspecies distinction (35-37). F.
tularensis has been identified using the in vitro di-
agnosis database of the Biotyper mass spectrometer
since 2017 (partial integration of 5 species of the se-
curity-relevant library as a library extension) only if
the extension was added to the database by the user.
In contrast, the Vitek MS database does not contain
any F. tularensis spectra. In 7 of 8 cases, the strain
was identified or confirmed by molecular methods
(Table 1). Because of the high level of 16S rDNA sim-
ilarity among the Francisella species (98.5%-99.9%),
165 rDNA amplification and sequencing enables
identifying the bacterium only to the genus level
(38). Species or subspecies determination requires
PCR targeting specific genes, such as ISFtu2, 23kDa,
tul4, or fopA (39). Some of those targets, however,
might cross-react with F. novicida, F. philomiragia,
or Francisella-like endosymbionts. Additional tech-
niques are necessary to identify F. tularensis sub-
species, such as PCR targeting a junction between
ISFtu2 and a flanking 3' region (18), identification
on the basis of size differences of amplified DNA
products (Ft-M19, ISFtu2, RD1, and pdpD-2 assay)
(17,40), and amplification and sequencing of the
165-23S rRNA intergenic spacer region (16).
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Strategies for PJ]I treatment combine surgical
interventions and antimicrobial therapy. Overall,
in cases of early infection (<15 days after prosthesis
placement), prosthesis retention with debridement
is recommended. In chronic infection, prosthesis re-
moval is the best option, performed as either a 1-stage
or 2-stage replacement procedure, depending on the
patient history, the bacterium identified, and sus-
ceptibility to antibiotics. Those surgical treatments
are associated with a long duration (4-6 weeks) of
antimicrobial therapy adapted to the antibiotic sus-
ceptibility of the bacteria identified (28,41,42). Sev-
eral guidelines for tularemia treatment have been
published (2,17,43,44). The antibiotic classes recom-
mended for first-line treatment of tularemia are ami-
noglycosides, fluoroquinolones, and tetracycline be-
cause the bacterium is intrinsically resistant to many
other antibiotic classes (all p-lactams, TMP/SXT,
clindamycin, glycopeptides, and daptomycin) (19).
For severe tularemia cases, parenteral gentamicin
(5 mg/kg/d) treatment is recommended depend-
ing on the clinical response. In moderate cases, oral
ciprofloxacin (800-1,000 mg/d) or doxycycline (200
mg/d) can be administered for a minimum duration
of 10-14 days. However, those recommendations
have not yet been established for BJIs. Of the 8 cases
we reviewed, 5 patients underwent 1- or 2-stage re-
vision joint replacement; 1 underwent debridement,
antibiotic, and implant retention; and 2 underwent
regular joint aspiration without prosthesis replace-
ment. For 2 patients, aminoglycosides were adminis-
tered during and after the surgery (120 mg amikacin
for 5 days and 240 mg gentamicin for 10 days), fol-
lowed by monotherapy with ciprofloxacin (500 mg
2x/d for 20 days). Three patients received mono-
therapy; 1 patient took ciprofloxacin (750 mg 2x/d)
for 3 months, and 2 patients were prescribed dox-
ycycline (100 mg 2x/d) for 6 weeks or 12 months.
Combination therapy was administered in 2 other
cases, consisting of ciprofloxacin with rifampin for
>6 months or ciprofloxacin with doxycycline for
9 weeks. When information was available, the pa-
tients” follow-up visits revealed favorable progress
without joint infection relapse.

Strains have not been reported that are resistant
to the recommended first-line antibiotic classes. A
comprehensive review reported low MICs for cipro-
floxacin (<0.002-0.125 mg/L), gentamicin (<0.016-2
mg/L), and doxycycline (0.064-4 mg/L) against F.
tularensis strains (19). Aminoglycosides penetrate
slowly intracellularly and are effective against ex-
tracellular bacteria. On the basis of our previous
comprehensive review of antimicrobial susceptibility
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testing data in vitro, in cellular model, and in mice
model of infection (19), we advise using aminogly-
coside for only a short period during and after sur-
gery, when a bacteremic phase can occur, to rapidly
kill extracellular bacteria and prevent hematologic
spread after surgery. Combining aminoglycosides
with ciprofloxacin might confer the highest efficacy
because of the rapid penetration of fluoroquinolones
in bones and joint tissues and their efficient activ-
ity against the intracellular niche of Francisella. Thus,
combining aminoglycosides and fluoroquinolones
might be considered in these severe cases (44). Cip-
rofloxacin and doxycycline, alone or in combination,
can be used for long-term treatment. Interest in com-
bination therapy with rifampin has not been dem-
onstrated, but in vitro activity of rifampin against
Francisella has been observed (MICs range 0.094-3
mg/L), and its excellent bone diffusion might en-
hance successful outcomes, as demonstrated by case
1 (13,19,21,45). However, rifampin is not recom-
mended for tularemia treatment because of insuffi-
cient in vivo data (19).

Because of the difficulty and delay involved in
identifying Francisella strains, laboratory staff can be
exposed to bacteria without recommended precau-
tions. During surgical interventions, surgeons can be
exposed through contact with infectious materials,
accidental inoculation, or exposure to aerosols and in-
fectious droplets. World Health Organization guide-
lines distinguish 3 situations: proven accidental lab-
oratory exposure, potential exposure to F. tularensis
aerosols, and unlikely exposure. Antibiotic prophy-
laxis (1,000 mg ciprofloxacin or 200 mg doxycycline
for 14 days) or clinical follow-up was recommended
according to exposure risk (17).

In conclusion, PJI is an unusual clinical mani-
festation of tularemia that might be underestimat-
ed because of the fastidious culture conditions and
difficulty in strain identification. Infection might
occur in tularemia-endemic areas or in the pres-
ence of risk factors. The combination of surgical
and extended antibiotic treatment generally leads
to favorable outcomes.
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Streptomycin

strep’to-mi’'sin

n the late 1930s, Selman Waksman, a soil microbiologist working at
the New Jersey Agricultural Station of Rutgers University, began a
large-scale program to screen soil bacteria for antimicrobial activity. By
1943, Albert Schatz, a PhD student working in Waksman’s laboratory,

had isolated streptomycin from Streptomyces griseus (from the Greek
strepto- [“twisted”] + mykés [“fungus”] and the Latin griseus, “gray”).

In 1944, Willam H. Feldman and H. Corwin Hinshaw at the
Mayo Clinic showed its efficacy against Mycobacterium tuberculosis.
Waksman was awarded a Nobel Prize in 1952 for his discovery of
streptomycin, although much of the credit for the discovery has since
been ascribed to Schatz. Schatz later successfully sued to be legally
recognized as a co-discoverer of streptomycin.

2. Wainwright M. Streptomycin: discovery and resultant controversy.
Hist Philos Life Sci. 1991;13:97-124.
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