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Molecular analysis of Francisella tularensis subsp.
holarctica isolates from humans and animals revealed
the presence of two subgroups belonging to the phylo-
genetic groups B.FTNFoo2-00 and B.13 in Switzerland.
This finding suggests a broader spread of this group
in Europe than previously reported. Until recently,
only strains belonging to the Western European clus-
ter (group B.FTNFoo02-00) had been isolated from
tularaemia cases in Switzerland. The endemic strains
belonging to group B.FTNFoo02-00 are sensitive to
erythromycin, in contrast to the strains of the newly
detected group B.13 that are resistant to this antibi-
otic. All the strains tested were susceptible to cipro-
floxacin, streptomycin, gentamicin, nalidixic acid and
chloramphenicol but showed reduced susceptibility
to tetracycline when tested in a growth medium sup-
plemented with divalent cations. The data show a pre-
viously undetected spread of group B.13 westwards
in Europe, associated with changes in the antibiotic
resistance profile relevant to treatment of tularaemia.

Introduction

Francisella tularensis is a Gram-negative bacterium
causing the zoonotic disease tularaemia. The two clini-
cally relevant subspecies are F. tularensis subsp. tula-
rensis and F. tularensis subsp. holarctica. Of the two,
only the latter subspecies is present in Europe. Human
infections mainly occur through inhalation, ingestion,
or by direct contact with infected animal species and
contaminated animal tissues, water and aerosols [1].
In general, it is difficult to trace the source of infec-
tion [2]. Analyses of molecular genetic markers of the
strains circulating in the environment provide valuable
information on the dynamics of infection in people and
in animals, and improve the knowledge of the biology
of this bacterium. Genetic and phenotypic data are also
necessary to determine the most suitable antimicrobial
substances to use to treat humans and animals [3-8].
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With the recent growing interest in F. tularensis biol-
ogy, several tools have been developed to investigate
the molecular epidemiology of this genetically mono-
morphic bacterium following a hierarchical scheme
[9-13]. Genomes of different strains are screened for
canonical single nucleotide polymorphism (canSNP)
signatures. With the advent of novel technologies, an
increasing number of strains are sequenced, leading to
the discovery of new canSNP markers and signatures
specific to new subgroups. The growing information
involves adjustments in the phylogenetic nomencla-
ture of . tularensis and allows better resolution within
the subgroups [11,12,14]. Throughout this manu-
script, we will follow the nomenclature based on the
canSNPs (for nomenclature clarity, refer to schema in
Figure 1). In Europe, strains belonging to groups B.13
and B.FTNFoo2-00 are those predominantly isolated
[12]. The group B.13 extends geographically from
Scandinavia to the eastern European rim, with co-cir-
culation of several of its subgroups in some countries.
In Western Europe, a specific group, B.FTNFoo2-00,
is circulating in France, Germany, lItaly, Spain and
Switzerland [11-19]. Recently, it was observed that
Germany represents a geographical diaphragm virtu-
ally separating group B.13 from group B.FTNFoo2-00
[18].

Interestingly, strains belonging to group B.FTNFoo2-00
are described as sensitive to erythromycin, whereas
strains belonging to other groups show variability in
this marker [3-5,7,18]. Historically, strains of F. tula-
rensis subsp. holarctica have been separated in two
biovars: biovar |, strains sensitive to erythromycin,
and biovar I, strains resistant to erythromycin [20].
Although this marker is principally used for epide-
miological purposes, there may be significant clinical
implications in areas with co-circulation of different
groups. A paradigmatic example of this is the recent
recommendation of treating pregnant women infected
with F. tularensis with azithromycin in geographical



FIGURE 1

Schematic of Francisella tularensis subsp. holarctica nomenclature based on canonical single nucleotide polymorphisms
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areas where strains sensitive to erythromycin are cir-
culating [21].

This study describes the first isolation of erythromy-
cin-resistant strains of F. tularensis subsp. holarctica
belonging to group B.13 in Switzerland. We discuss
how these findings impact on the phylogeography of
F. tularensis subsp. holarctica in Europe and on anti-
biotic treatment of affected individuals living in areas
with co-circulating groups [12].

Methods

Bacterial strains, DNA templates, identification
and typing

All manipulations with live cultures were performed in a
BSL3 containment laboratory. F. tularensis strains were
cultivated on chocolate agars with IsoVitaleX (Becton
Dickinson, Allschwil, Switzerland) for three days at 37
°C with 5% CO,. Lysates from cultures were prepared,
filter-sterilised [22] and tested by real-time PCR for
the presence of the fopA gene to confirm the species

F. tularensis [22,23]. The subspecies was subsequently
determined by amplification of the region of difference
(RD)1 [24]. Strains were further characterised by PCR
for the presence of deletions in two different markers,
RD23 and Ft-M24, specific to the group B.FTNFoo2-00
[16,17,24] and by multilocus variable-number tandem
repeat (VNTR) analysis (MLVA) with six VNTRs mark-
ers (Ft-M3, Ft-M6, Ft-M20o, Ft-M21, Ft-M22 and Ft-M24)
[17,25]. The MLVA results were further confirmed by
analysis of the following canSNP markers B.11, B.12
B.20, B.21, B.22, B.23 and B.33 to B.38 [11,12].

Minimal inhibitory concentrations of
antimicrobial agents

The minimal inhibitory concentration (MIC) values of
antibiotic drugs relevant to clinical use such as gen-
tamicin (0.12-16 mg/L), streptomycin (1-16 mg/L),
ciprofloxacin (0.06-4 mg/L), tetracycline (0.25-16
mg/L), nalidixic acid (2-64 mg/L), chloramphenicol
(2-32 mg/L) and erythromycin (0.5-32 mg/L), were
determined in two different broth media: (i) modi-
fied Cation-Adjusted Mueller Hinton Broth (mnCAMHB):
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Cation-Adjusted Mueller Hinton Broth (Becton
Dickinson, Heidelberg, Germany) supplemented with
2% PolyViteX Enrichment (BioMérieux, Marcy UEtoile,
France), and (ii) modified Mueller Hinton 1l (mMHII)
broth: mCAMHB with 0.1% glucose, 63 mM CaCl,,
53 mM MgCl, and 34 mM ferric pyrophosphate using
custom g6-well Sensititre susceptibility plates (Trek
Diagnostics Systems, East-Grinstead, England and
MCS Diagnostics BV, JL Swalmen, the Netherlands),
according to the Clinical and Laboratory Standards
Institute (CLSI) guidelines [26] and the informational
supplement [27]. Antibiotics of the class of the beta-
lactams were not tested because of the known natural
resistance of F. tularensis strains to these antimicro-
bial substances [6,28]. The g6-well plates were incu-
bated at 37 °Cin 5% CO, atmosphere for 48 hours. The
MIC values were defined as the lowest concentration
exhibiting no visible growth. MICs were read after 24
and 48 hours incubation. For quality assurance, the
reference strains of Escherichia coli ATCC 25922 and
Staphylococcus aureus ATCC 29213 were also tested by
broth microdilution in mMHII broth and in mCAMHB.

Genetic characterisation of erythromycin
resistance

The genetic characterisation of erythromycin resist-
ance was carried out by PCR amplification and further
sequencing of the genes encoding for the 23S rRNA
(rrl), the Lg (rplD) and L22 (rplV) ribosomal proteins
as previously described by Gestin and colleagues [29].
The sequences obtained were edited, aligned and com-
pared in Sequencher (GeneCodes, Ann Arbor, United
States) with the corresponding genes of the completely
sequenced strains FTNFoo2-00 (group B.FTNFoo2-00,
isolated in France [16]), F92 (group B.FTNFo02-00, iso-
lated in Germany [30]), FSC200 (group B.13, isolated in
Sweden [31]) and LVS (group B.13, isolated in Russia)
(NCBI/GenBank accession numbers: CP000803,
CP003932, CP003862 and AM233362, respectively).

Results

Sixty-one strains were isolated between 1996 and 2013
from human and animal cases of tularaemia from a rep-
resentative area of the Swiss territory (Table 1, Figure 2).
Thirteen strains isolated before 2009 (JF3820, JF3821,
JF3822, JF3824, JF3825, JF3826, JF3828, JF3829, JF3859,
JF4092, JF4128, JF4212 and JF4242) had previously
been characterised as F. tularensis subsp. holarctica
belonging to group B.FTNFoo2-00 [17]. All other strains
(n=48) were identified here as F. tularensis subsp.
holarctica, and 43 of them were determined as group
B.FTNFoo2-00 (Table 1) [17], while five strains JF4830,
JF5340, JF5370, JF5405 and JF5468 did not harbour the
deletions specific to the group B.FTNFoo2-00 in the
RD23 and Ft-M24 markers. MLVA confirmed the cluster-
ing of the 56 strains (isolated between 1996 and 2013)
belonging to group B.FTNFoo2-00 (data not shown).
The highest variability among the markers used for
MLVA was observed within markers Ft-M3 and Ft-Mé6 as
previously reported for the group B.FTNFoo2-00 (Table
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1) [15,17,18]. Concerning the strains not belonging to
group B.FTNFoo2-00, the three strains, JF5340, JF5370
and JF5405 isolated from two human patients and one
hare between 2012 and 2013, shared the same VNTR
profile, while strains JF4830, isolated in 2010 from a
patient returning from a vacation in eastern Europe
(possibly corresponding to an imported case), and
JF5468, isolated from a hare in 2013, revealed a distinct
VNTR profile, with one variation in the Ft-M3 marker
(Table 1). The four strains, JF5340, JF5370, JF5405 and
JF5468 were isolated from a large geographical area of
Switzerland extending from the central west to the east
sides of the country (Figure 2).

CanSNP analyses were performed on a panel of 24 rep-
resentative strains (shaded in grey in Table 1). All strains
belonging to group B.FTNFoo2-00 and harbouring the
specific deletions within markers RD23 and Ft-M24
showed the canSNP profile characteristic of the group
B.FTNFoo2-00 (Table 1) [11,32]. All other strains (JF4830,
JF5340, JF5370, JF5405 and JF5468) had a canSNP
profile not corresponding to group B.FTNFoo2-o00
(Table 1) [11]. In order to further characterise the strains
not belonging to group B.FTNFoo2-00, the canSNP
markers B.21, B.22 and B.23 were sequenced. They
showed the SNP profile corresponding to group B.13
according to the genotypes described by Svensson et
al. (Table 1) [11,32]. Moreover, a higher resolution of the
genetic characterisation of the strains in group B.13
was obtained through analysis of the canSNP markers
B.33 to B.38 [12]. Two subgroups were observed: the
B.33/34 (JF5468 and JF5340) and the B.34/35 (JF4830,
JF5370 and JF5405) according to the nomenclature
described by Gyuranecz et al. [12] (Table 1 and Figure

1).

Antibiotic susceptibility profiles were determined for
the panel of 24 representative strains (Table 2) by broth
microdilution method using two broth media, mCAMHB
and mMHII, for seven antibiotic drugs and read after 48
hours. The F. tularensis strains did not show any vis-
ible growth at the concentrations tested for nalidixic
acid, chloramphenicol and ciprofloxacin in either broth
medium, tested (Table 2). The MIC values for chloram-
phenicol and ciprofloxacin were below the breakpoint
values provided in the CLSI guidelines, <8 pg/mL for
chloramphenicol and <o.5 pg/mL for ciprofloxacin,
while no breakpoint value is available for nalidixic acid
[27]. MIC values for gentamicin ranged between 1 and
4 pg/mL in mMHII, but between <0.12 and 0.25 pg/mL
in mCAMHB. The breakpoint value for gentamicin given
in the CLSI guidelines for F. tularensis is <4 pg/mL
[27]. The discrepancy in the MIC values observed for
gentamicin between cultures of F. tularensis in mMHII
and mCAMHB was confirmed for reference strains E.
coli ATCC 25922 and S. aureus ATCC 29213 (Table 2).
MIC values for streptomycin ranged between 2 and 4
pg/mL in mMHII and were all at 4 pg/mL in mCAMHB
(Table 2). The breakpoint value provided for streptomy-
cin in the CLSI guidelines is <16 pg/mL when testing
is performed in a CO, atmosphere [27]. MIC values for
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FIGURE 2

Francisella tularensis subsp. holarctica isolated in Switzerland, 1996-2013 (n=61)
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tetracycline ranged between 2 and 8 pg/mL in mMHII,
but were all <0.25 pg/mL in mCAMHB (Table 2). For this
reason, MIC values for tetracycline were also tested
by Etest in order to confirm the results obtained with
mCAMHB. With this method, MIC values for tetracy-
cline ranged between 0.19 and 0.38 pg/mL, which was
similar to the ones measured by broth microdilution
method with mCAMHB (Table 2). The breakpoint value
given in the CLSI guidelines for tetracycline is <4 pg/
mL [27]. Moreover, a difference in MIC values for tetra-
cycline in mMHII and mCAMHB was also observed for
reference strains E. coli ATCC 25922 and S. aureus ATCC
29213 (Table 2). MIC values for erythromycin exhibited
a bimodal distribution: Strains belonging to group B.13
exhibited erythromycin resistance with MIC values
higher than 32 pg/mL, while all the strains belonging
to group B.FTNFoo2-00 were sensitive to erythromycin,
showing MIC values ranging from 1 to 8 ug/mL (Table
2). However, no breakpoint value for F. tularensis is
provided for any macrolides in the CLSI guidelines [27].

Genetic characterisation of erythromycin resistance
was performed by PCR amplification and sequencing
of the three copies of the rrl gene and of the rplD and
the rplV genes of the five strains showing phenotypic
resistance to erythromycin and belonging to group
B.13 (JF4830, JF5340, JF5370, JF5405 and JF5468). The
sequences were compared to the corresponding genes
of strains FTNFoo2-00 (group B.FTNFoo02-00), F92
(group B.FTNFo02-00), FSC200 (group B.13) and LVS
(group B.13). All five strains isolated in Switzerland,
belonging to group B.13 and showing phenotypic resist-
ance to erythromycin, had two mutations in all three
copies of the rrl gene when compared to the available
sequences of the strains FTNFoo2-00 and F92 of the
group B.FTNFoo2-00. The first mutation was detected
in domain | of the rrl gene, A453G (E. coli numbering),
while the second mutation was observed in domain V
of the rrl gene, A2059C (E. coli numbering). A silent
mutation G to A at the third position of codon 181 (E.
coli numbering) was found in the rp/D gene encoding

www.eurosurveillance.org



‘aulpAoea)a) 131 fuAwoldalls (Y 1S ‘proe dIXIpIeU (YN fYloiq || uojulH
I9]]aN W\ paljipow :||HWW fuoijeijusd’uod A1ojiqryul wnwiuiw )W Yyjoiq uojuiy Ia)jany paisnipe-uoijed payjipow HWyOW ‘udiwejuss :NI9 ‘udAwoiylhis :Ay¥3 fudexojjoldid :dd fjodjusaydwelolyd :1H)

YN Ad3

131

(Qw/8r) 1w

14 HWYOW

diD

N39

THD

VYN

Ad3

(Jw/8r)

yioiq |

W

Wwuw

[€1] pue [e1]
0} Sulpi0dde

zs zs (43 Gz'os 90°05 14 zros zs zs (434 7 90°05 7 [4 g 89%754(
zs zs 8 Sz os 90°05 ¥ Sz'o s zs 7 7 90°0s 7 z 00-z004N14'g 60%754(
zs zs (4% Sz os 90°05 4 zZ1ros zs zs (4% 4 90°05 14 4 1r'g Sota(
zs zs z Sz os 90°05 7 Sz'o zs zs z 4 90°'05 14 z 00-z004N14'9 08€94(
zs zs C GzUos 90°'05 1 Szo zs zs 4 4 90°'05 z 4 00-z004N14'9 [VASE
zs s [424 Gz'os 90°05 7 105 zs s 43 7 90°05 z z c€r'g 0/€594(
zs zs 4 Gz'os 90°05 4 Sz'o zs zs 1 4 90°05 14 z 00-2004N14'9 €9E9(
zs zs z Sz os 90°05 4 Sz'o zs zs z 14 90°'05 14 z 00-z004N14'9 05€94(
zs zs 7 Sz'os 90°05 7 Sz'o zs zs 8 4 90°'05 4 4 00-z004N14'9 67E54(
zs zs z&¢ Gz'os 90°05 7 [4A0H zs s (4 7 90°05 ¥ z cr'g o7€54(
zs zs 4% Gz'os 90°05 7 Sz'o zs zs (424 7 90°05 z z cr'g o€gly(
zs zs 7 Sz'os 90°'05 4 z1°0s zs zs z 8 90°'05 14 z 00-z004N14'g ety
zs zs 7 Sz'os 90°05 1V z21°05 zs zs 1 4 90°'05 z 1 00-z004N14'9 zreld(
zs s 7 Gz'os 90°05 7 105 zs zs z 8 90°05 z z 00-2004N14°9 geily(
zs zs 1 Gz'os 90°05 7 [4A0H zs zs z ¥ 90°05 z z 00-2004N14°9 z6ot74(
zs zs 7 Gz'os 90°05 4 zros zs zs z ] 90°05 4 z 00-2004N14°9 658€4(
zs zs 4 Sz os 90°'05 14 z1°05 zs s z 7 90°'05 4 z 00-z004N14'9 628¢(
zs zs 1 Gz'os 90°'05 1 2105 zs zs [4 o] 90°'05 7 4 00-T004N14'9 828¢&4(
zs s 1 Gz'os 90°05 14 zZ1'0s zs zs z 7 90°05 ¥ z 00-2004N14°9 928¢&4(
zs zs 4 Gz'os 90°05 14 zros zs zs 14 o] 90°0s 4 4 00-2004N14°9 Gzged(
zs zs 4 Sz os 90°'05 14 zZ1°05 zs zs 4 8 90°'05 7 4 00-z004N14'9 728€4(
zs zs 4 Gz'os 90°'05 4 z1'0s zs zs z 7 90°'05 7 4 00-z004N14'9 zeged(
zs s 1 Gz'os 90°05 ¥ zZ1'0s zs zs T z 90°05 7 z 00-z004N14'g 128€4(
zs zs 7 Gz'os 90°05 14 zZ1ros zs zs z 7 90°05 7 7 00-2004N14'g 0zg8E(
91 (43 z 1 S0 91¢ 1 91 (43 z 91 S0 91 8 €1262 D)1V SnaJnp snx020jAydois
4 zs (434 4 9005 91 S0 14 zs (434 91« 90°'05 91 8 2265Z JD1V 1]02 DIYI1IaYyIST
E|

(F7=U) €T0T-966T PULIIZIMS ‘HINVDW pue [1oIiq [THNW Ul SINOY §F I93Je SureI}s vaigoivjoy dsqns sisuaiving vjjasioun.id jo sanipiqrdaosns orjoiquuy

Z 31av]

www.eurosurveillance.org



for the ribosomal protein L4, while no mutation was
detected in the rplV gene encoding for the ribosomal
protein L22. These mutations observed in Swiss strains
belonging to group B.13 were exactly the same as those
of the strain LVS and FSC200 belonging to group B.13.

The EMBL/GenBank accession numbers for the nucleo-
tide sequences of the rrl, the rplD and the rplV genes
are: KF712467, KF712466 and KF712465, respectively.

Discussion

This study describes the characterisation of F. tular-
ensis strains isolated in Switzerland during the last
17 years. Until 2012, only strains belonging to group
B.FTNFoo2-00 have been isolated in Switzerland from
humans and animals. A single exception is strain
JF4830 that was isolated from a human patient in
2010, who most probably acquired the infection trav-
elling in eastern Europe. The new strains JF5340 and
JF5370 were isolated from human patients with no his-
tory of travelling abroad for several months before the
appearance of the first tularaemia-associated symp-
toms. The only exception is a stay at Lago Maggiore in
Italy, at the border to Switzerland, a month before the
initial symptoms, for the patient infected with strain
JF5340. Strains JF5405 and JF5468 were isolated from
the carcass of two wild hares in 2013. All four strains
(JF5340, JF5370, JF5405 and JF5468) belonged to group
B.13 and resolved with distinct MLVA profiles (Table 1).
Moreover, the analysis of canSNP B.33 to B.38 led to
identification of the subgroups B.33/34 and B. 34/35
previously described by Gyuranecz et al. [12]. Both sub-
groups were isolated in central and eastern Europe and
from countries bordering Switzerland, such as Austria
and Germany, but not from countries east of Romania
[12]. Moreover, the subgroup B.33/34 is also known to
be circulating in Sweden [12].

These findings reveal that group B.13 is currently cir-
culating in Switzerland in the same areas as strains
of group B.FTNFoo2-o0 (Figure 2) and are affecting
both human patients and free-ranging animals. This
is in contrast to neighbouring Germany, where a strict
separation between groups was described [18]. Strains
isolated between 1996 and 2011 from humans, hares
and captive non-human primates all belonged to group
B.FTNFoo02-00. Because of the small number of strains
isolated between 1996 and 2008, it is difficult to draw
conclusions about a recent introduction of strains
belonging to group B.13 or a long-lasting co-circula-
tion of both groups following the expansion of group
B.FTNFoo2-00 of F. tularensis subsp. holarctica.

Strains belonging to group B.FTNFoo2-00 are known to
be sensitive to erythromycin [7,29,33]. Also the Swiss F.
tularensis subsp. holarctica strains belonging to group
B.FTNFoo2-00 are sensitive to erythromycin, while
the new strains belonging to group B.13 are resistant
(Table 2). Since strains resistant to erythromycin are
actually circulating in Switzerland, macrolides are not
recommended for the treatment of cases of tularaemia

acquired in Switzerland and possibly also in neigh-
bouring areas unless analysis of the infecting strains
reveals sensitivity to this antibiotic. Because of the
toxicity of recommended antibiotics against tularae-
mia for pregnant women and foetuses, Dentan et al.
[21] proposed to treat it, in areas where the group
B.FTNFoo2-00 is endemic, with a macrolide, more
specifically with azithromycin. However, the spread to
western Europe of strains resistant to macrolides poses
serious concerns and needs to be carefully considered
by the clinicians when facing a therapeutic choice in
this context. Several studies suggest that strains of
F. tularensis from western Europe are sensitive to mac-

rolides [4,7,18,29,33,34].

Genetic analysis of the strains resistant to erythromy-
cin revealed two mutations in the three copies of the rrl
gene and a silent mutation in the ripD gene encoding
the ribosomal protein L4, compared with the strains
belonging to group B.FTNFoo02-00: FTNFoo02-00 and
Fg2. Interestingly, the same mutations are present in
the strains LVS and FSC200, both belonging to group
B.13. This finding may suggest that these mutations
are shared among subgroups belonging to B.13 and
may have appeared in a common ancestor. However,
this hypothesis should be validated by testing a larger
panel of strains.

Broth microdilution testing was performed in mMHII
broth and in mCAMHB [4,7]. Results were compatible
for all antibiotics tested in both media except for the
MIC values recorded for gentamicin and tetracycline
that showed higher values in mMHIl broth than in
mCAMHB (Table 2). This discrepancy was confirmed
by testing the reference strains, E. coli ATCC 25922 and
S. aureus ATCC 29213, which also showed higher MIC
values for gentamicin and tetracycline in mMHII broth
than the quality control ranges for broth microdilution
method in mCAMHB reported in the CSLI guidelines
[27], confirming that MIC values for these two antibiot-
ics are higher using mMHII broth than mCAMHB (Table
2). High MIC values of reference strains for gentamicin
and to a lesser extent for tetracycline tested in mMHII
broth were previously described by Baker et al. [35].
They explained these results to be due to the addition
of the bivalent cations Ca?* and Mg?* in the medium.
MIC values for tetracycline were within the range con-
sidered clinically effective when tested with mCAMHB
and by Etest. Nevertheless, given the high number of
tularaemia cases for whom tetracycline-associated
treatment failure has been described, including doxy-
cycline [36-39], these antibiotics are not recommended
in case of infection with F. tularensis.

MIC values for gentamicin, chloramphenicol, strepto-
mycin and ciprofloxacin were within the range indica-
tive of clinical efficacy in both media, although MIC
values of four strains for gentamicin in mMHII were
very close to the breakpoint value given in the CLSI
guidelines [27]. Ciprofloxacin showed the lowest MIC
values and prevented growth of all strains at 0.06 pg/
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mL. The finding is consistent with previous reports on
type A and type B tularaemia [5, 40-44] and supports
the experience that ciprofloxacin may be an attractive
treatment option for tularaemia [37].

Conclusion

In conclusion, at least two groups of F. tularensis subsp.
holarctica are currently co-circulating in Switzerland.
Of these, the group B.FTNFo02-00 seems to be more
prevalent and has been identified in tularaemia cases
since 1996, while B.13 was less commonly isolated in
Switzerland and not before 2012. Since strains belong-
ing to the subgroups B.33/34 and B.34/35 are erythro-
mycin-resistant, this antibiotic is not recommended to
treat cases of tularaemia acquired in Switzerland with-
out prior typing of the strains. These concerns should
also apply in countries where the group B.FTNFoo2-00
seems to be prevalent given that the exact limits of
the co-circulation areas are not known. The muta-
tions resulting in erythromycin resistance in group
B.13 strains are exactly the same as those present in
the strain LVS belonging to the same group. Further
investigations are warranted in order to understand if
they are shared by all strains of the group B.13. In view
of the in vitro results and of previous clinical obser-
vations, tetracyclines should not be a first choice of
treatment for tularaemia, while ciprofloxacin appears
suitable for tularaemia treatment. Moreover, because
of the fastidious growth requirements of F. tularen-
sis, supplements always need to be added to growth
media to test antibiotic susceptibility [7,35]. Recently,
Georgi et al. published the validation of a protocol
for a broth microdilution method (medium not sup-
plemented with divalent cations) for F. tularensis [4].
The use of a medium without supplemented divalent
cations, mCAMH, has been compared with the previ-
ously described methods using mMHII broth (medium
supplemented with divalent cations). Considering the
discrepancy in the MIC values measured for gentamicin
and tetracycline depending on the broth used, it is
considered more appropriate the use of mCAMHB for
antimicrobial testing of F. tularensis strains because it
achieves results, at least relatively to some antimicro-
bial substances, that are less ambiguous than those
achieved with the mMHII broth.
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